TITLE OF THE INVENTION FERROELECTRIC SINGLE CRYSTAL,
SURFACE ACOUSTIC WAVE FILTER COMPRISING THE SAME, AND
PRODUCTION METHOD THEREOF BACKGROUND OF THE
INVENTION 1. Field of the Invention [0001] The present invention relates
to a lithium tantalate single crystal and a lithium niobate single crystal,
which are mainly used as piezoelectric substrates, and to a surface
acoustic wave filter, comprising a piezoelectric substrate produced from
said single crystal, and a production method thereof. 2. Description of the
Related Art [0002] A g4 ? Wﬂﬁfter abbreviated as
"SAW") filter, which uses surface acoustic waves, comprises fine
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substrate and is widely used in teIeV|S|ons mobile phones, etc. [0003]
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film, made of aluminum or the Iﬁp&gé@ysurface of a piezoelectric
substrate, and patterning the el In film using photolithography to
form an electrode having a given shape. Specifically, the electrode thin
film is first formed on the piezoelectric substrate surface by, for example,

sputtering. Then RAGHHEREIING OFOLOFESISH Eappliet; 1 on the
electrode thin film, and the electrode film is pre-baked at high
temperature. Subsequently, the electrode film is patterned by exposing it

to, i gh a st r. Then, the electrode film is post-baked at high
1. Fig eirépe{rgﬁﬁegﬁ %Pé%bloped, and the photoresist is dissolved. Finally, the

{0001] The present Invention relates to a lithium tantalate single
crystal and a lithium niobate single crystal, which are mainly used as
piezoelectric substrates, and to a surface acoustic wave filter, comprising

a piezoelectric substrate produced from said single crystal, and a

production method thereof.

2. Description of the Related Art

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

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

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



electrode film is wet-etched or dry-etched, thus forming an electrode
having a given shape. [00041 Also, a lithium tantalate (LiTaO3) single
crystal (hereinafter abbreviated as an "LT single crystal") and a lithium
niobate (LINbO3) single crystal (hereinafter abbreviated as an "LN single
crystal”) are known as ferroelectric single crystals and are widely used in
piezoelectric substrates for surface acoustic wave filters (SAW filters),
superconductive sensors, various piezoelectric sensors, vibrating
actuators, etc. [0005] Recently, with the increasingly high performance
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occur throughout the substrates due to low stress shock. Also, the LT
havisgglestygstallwne the LN single crystal have a characteristic in that the
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band of mobile phones. That is, in a process of producmg the SAW filters,
ferroelectric single crystals and are widely used in piezoelectric substrates

for surface acoustic wave filters (SAW filters), superconductive sensors,

various plezoelectric sensors, vibrating actuators, etc.

[0005] Recently, with the increasingly high performance and high band

frequency of mobile phones, the miniaturization or thinning of devices has
progressed. Also, with the demand for an increase in the sensitivity of
sensors and the like, the miniaturization and thinning of sensors and the
like has likewise progressed, Accofdingly‘, there has been a strong

demand for thinning in single crystal substrates.

[0006] However, the LT single crystal substrate and the LN single

crystal substrate have shortcomings in that they have poor processability,
the cleavage crack of single crystals characteristically occurs, and
breakages occur throughout the substrates due to low stress shock. Also
the LT single crystal and the LN single crystal have a characteristic in that
the thermal expansion coefficients thereof vary greatly in different

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



the number of filters produced with a sheet of piezoelectric substrate
increases, and thus either the crack of the substrate caused by thermal
processes or the crack of the substrate caused by cutting processes leads
to a great loss. [0008] Also, due to the increase in the number of filters
produced with a sheet of piezoelectric substrate, the width to which the
piezoelectric substrate is cut needs to be narrow. In this case, when the
cut width is narrowed, chipping occurring at the cut plane will expand to
the resulting filter, and breakage will occur at the electrode portions on
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~order to prevent this phenomenon, additional time is required, leading to
quickd#ereased productivity. [0009] Various methods for such thinning and

reduction in vol ve been examined, [0010] For example, an Si or
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process to prevent crack or chipping.’[0011] In the above-describe
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strength or of carrying out taping or metal deposition in the cutting or
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grinding and heating stages of the process of producing the single crystal

to a swbatratesand there is also few cracks, flaws or chippings and good

groductivity is achieved in the production of the SAW filter.
{0008] Also, due to the increase in the number of filters produced with

a sheet of piezoelectric substrate, the width to which the piezoelectric
substrate is cut needs to be narrow. In this case, when the cut width is
narrowed, chipping occurring at the cut plane will expand to the resulting
filter, and breakage will occur at the electrode portions on the filter,
leading to decreased yield. When the cutting rate is reduced in order to

prevent this phenomenon, a_dditional time is required, leading to decreased

productivity.

[0009] Various methods for such thinning and reduction in volume

have been examined.

[0010] For example, an Si or glass sheet is applied to a substrate to

increase the strength thereof, or taping or metal deposition are carried out
in the cutting or polishing process to prevent crack or chipping.
[0011] In the above-described method either of joining the Si or glass

sheet to the substrate to increase strength or of carrying out taping or

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



SUMMARY OF THE INVENTION [00121 Therefore, example

embodiments have been made in view of the above-mentioned problems,

and can provide a lithium tantalate (LT) single crystal or a lithium niobate
chippiig tkinglemdrystal, privietsseesihigiesiassd. shiogroasBiziice artctivapathl Thus,

shock resistance, a surface acoustic wave filter compris iezoelectric
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_ repeated trials and errors to solve this problem and, as a result, have ,
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produthnaiwhthathaniifiltpalladium, silver. platinum, gold, yttrium,

neodymium, iridium, germanium, barium, cesium, strontium, gallium,

cerium and other transition elements is contained in a lithium tantalate

(LT) single crystakgrghthigny nighatgitl MNrsingtercixstal at a ratio of from

_ 0.002wt% or more to 4 0.1 wt% or less, the stress shock or thermal shock
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contains at least one additional element selected from the group
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m, ruthenium, palladium, silver, platinum, gold, yttrium,
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additihermabahgekselected from the group consisting of iron, copper, manganese,
molybdenum, cobalt, nickel, zinc, carbon, magnesium, titanium, tungsten, indium,
tin, rhenium, scandium, rhodium, ruthenium, palladium, silver, platinum, gold,
yttrium, neodvmium, iridium, germanium, barium, cesium, strontium, gallium,
cerium and other transition elements is contained in a lithium tantalate (LT) single
crystal or a lithium niobate (I.N) single crystal at a ratio of from 0.002wt% or more

to



characteristics. [0014] Lithium tantalate single crystal or lithium niobate
single crystal> The lithium tantalate (LT) single crystal or lithium niobate
0.1 weinglelesystatistrexashplekembiocimeaibdsiclohrastéeiiedcn o shétscogtaiery stal
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Comp[gﬁgg%gmlgt@ﬁig%ﬁﬁ@g@t.en, indium, tin, rhenium, scandium, rhodium,
ruthenium, palladium, silver, platinum, gold, yttrium, neodymium, iridium,
[0013gdrmanilins brRuRsPeskiohthstioranHDy Ao, Icarriridaddditeium tantalate

.. transition elements. at a ratio of from 0.002wt% or mare . Wt%, ar.|ess
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additionatasitaristicsc[@0kh] Alse, the adslifovahsiemendisipreferapheconiainadese,
at a ratio of from 0.002wt% or more to less than 0.Q1 wt%. [0016] As
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thermal shock characteristics are improved, and crack, flaw or chipping in
yttriuthe pprodessing.therdofis inhibited]Ueadipg teran myiease Mrproduntivitgliium,

. [0017] The LT or.LN single crystal containing iro he additional o
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white in a wafer in which the additional element is not contained. Also, 5

charagierigiksw or orange color of the LT or LN single crystal is uniform
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niformly dispersed in the  wa 8] Also, the LT or LN sirfgle crystal
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effect. The reduced LT or LN single. ) ) .
example embodiments s characterizeéd in that it contains at least onc additional
element selected from the group consisting of iron, copper. manganese,
molybdenum, cobalt, nickel, zinc, carbon, magnesium, titanium, tungsten, indium,
tin, rhenium, scandium, rhodium, ruthenium, palladium, silver, platinum, gold.
yitrium, neodymium, iridium, germanium, barium, cesium, strontium, galiiun'i,
cerium and other transition elements at a ratio of from 0.002wt% or more to 0.1 wi%
or less and has excellent stress shock characteristics and thermal shock
characteristics.
[0015] Also, the additional element is preferably contained at a ratio of from
0.002wt% or more to less than 0.01 wt%.
10016} As described later, the LT or LN single crystal contains a given
additional element at the above-specified ratio, and the shock characteristics and
thermal shock characteristics are improved, and crack, flaw or chipping in the
processing thereof is inhibited. leading to an increase in productivity.
[0017] The LT or LN single crystal containing iron as the additional element
shows vyellow or orange-colored in a wafer produced therefrom and is easily
distinguished from an LT or LN single crystal, which shows white in a wafer in

which the additional element is not contained. Also,

5



crystal consists of a single crystal having an inhibited pyroelectric effect.
[0019] Also, the reduced LT or LN single crystal containing iron as the
the yeldoitionatralegnermishowshgakklyetldiNoreigik orarigeimunitarer grodudemt the
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which does ot contain the additional element. Also, the dark yeflow or
wafeddark orange color of the reduced LT or LN single crystal is uniform
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spersed in the wafer and that the reduction treatment is uniformly _
treatipemfofmeadpIOLOAIIbE sedbraUspelt ofthetinVestisriupriielid prévidegsingle
cryst® NSIERL for ;pdycing aJeder iRim; tanialale Singlg erystator

lithium niobate single crystal, comprising the steps of. preparing a lithium
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copper, manganese, molybdenum, cobalt, nickel, zinc, carbon

and ifngaiibsHiRinaRIRhee, HAGIBN, indfubN iR Ele MM o bRl BRIk ontain
the afditRmMRRAIALI LGSR dRRTUIBWgaI M ivFan feREYsRIUMEIdidN ed LT
or LIﬁermanlum, barium, cesium, strontium galliugﬁ),_ cerium and o
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clemafd Radigraelentdsiresseahackichasagteristias mad thermahitiegk reatment is
" gﬁ_ﬂracter'stics; and reducing the prepared single crystal. [0020] In
uniforply BREOEB S iments, a method of producing the reduced LT or LN

[001&i]gle cryatal mayeompsise aSitgleicrystabprotieeind:stepvadedaa method for
reducing ste .reducing the single crystal. [0021].The single crysta ,
Prod b e SR S P TBREg  ts Had A 3 PR g crysial.
commigbatethwhickpeoontaipsephieast origadditicnshélemsenidelectethi framatighium
.. group consisting of jron, copper, manganese, molybdenum, cobalt, nickel, .
nio g R i (g PR . gy e R rom
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carbcg}%op ré‘ri;%g}u}ﬁfji%{@mum} tungsten, indium, tin, rhenium, scandium, rhodium,
ruthenium, palladium, silver, platinum, gold, yttrium, neodymium. iridium,
germanium, barium, cesium, strontium, gallium, cerium and other transition
elements at a ratio of from 0.002wt% or more to 0.1wt% or less and had excelient
stress shock characteristics and thermal shock characteristics; and reducing the
prepared single crystal.

[0020] In example embodiments, a method of producing the reduced LT or
[N single crystal may comprise a single crystal producing step and a reducing step
of reducing the single crystal.

[0021] The single crystal producing step is a step of producing a lithium
tantalate or a lithium niobate, which contains at least one additional element selected
from the group consisting of iron, copper, manganese, molybdenum, cobalt, nickel,
zine, carbon, magnesium, titanium, tungsten, indmum, tin, rhenium, scandium.
rhodium, ruthenium, palladium, silver, platinum, gold. yttrium, neodymiun, wridium,
germanium, barium, cesium, strontium, galiium, cerium and other fransition

elements at a ratio of from



germanium, barium, cesium, strontium, gallium, cerium and other
transition elements at a ratio of from 6 0.002wt% or more to 0.1 wt% or

0.002108% anRthhae exagllentstiress shoskChatastedsties sanddhemorl gheakteristics
characteristics. [0022]. The LT or LN single crystal, obtained in the single

and therap hestueligaeiiséhtains a given additional element in the
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hermal shock characteristics are improved, and crack, flaw or chipping in
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reduced In the reducing step can be efficiently produced, and consists of a
cracksifigie crrgbiabhaying ha immibisdngtoelectris stiudii§00 22 dingidzoueteisase
o%ﬁ%%%xrf?%\? produced from the LT or LN single crystal can be used not only

IN"piezoelectric substrates for surface acoustic wave filters (SAW filters),
[0023ut also ixvdcioushsdbstrates Whichmeedtdde, thirnéd oprniitaturigéd crystal
d Egam%es of the sutq%trates may :?,clude,{ ybstrgtes éor roelectric . . of
reducgd ot BBEL i eToRisall C8eHIS iR DSHRY adtib 7ol @ sinele
cryst Sutfagemcolsbiaiayer itttz afifkicd aspect of the invention, there is

rovided a surface acoustic wave filter comprising,a piezoelectric, _
10024] gtrard pEASELEE o H TR BAREISES SHOTe Wkl oF o Mipgle erystal
can HelORRIE siRgienerystabiwhiehceantainm atieastpresadditionabelementve filters
selected from the group consisting of iron, copper, manganese

(SAWnoflbishuilcobal, MokERTANE, CAFBBR. ShagrbelLmeathritmbturbiaterd or
minidRFYRY. TRxHASHILIN o Bodad iR AR UM, FUERBRIMEN s IANAHIUME SIS hoelectric

platinum, gold.. yttrium, neodymium, iridium, germanium, barium, cesium,
SenSOsBOVRIIMNS aNRAv]celiic PRI DtHer tHarinenelemerits at a ratio of from
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haracteristics an
In a third aspect of the invention, there is provided a surface acoustic wave flter
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comprising a piezoelectric substrate produced from a lithium tantalate singie crystal or a
lithium niobate single crystal, which contains at least one additional element selected from
the group consisting of iron, copper, manganese, molybdenum, cobalt, nickel, zine, carbon,
magnesium, titanium, tungsten, indium, tin, rhenium, secandium. rhodium. ruthenium.
palladium, silver, platinum, gold, yttriwm, neodymium, iridium, germanium, barium,
cesium, strontium, gallium, cerium and other transition elemenis at a ratioc of from
0.002wt% or more to 0.1 wt% or less, and has excellent stress shock characteristics and
thermal shock characteristics.

The surface acoustic wave filter in example embodiments is characterized in
that it comprises a piczoelectric substrates produced from a lithium tantalate single
crystal or a lithium niobate single crystal, which comprise at least one additional
element selected from the group consisting of iron, copper, manganese,
molybdenum, cobalt, nickel, zinc, carbon, magnesium, tifantum, tungsten, indivm,
tin, rhenium, scandium, rhodium, ruthenium, palladium, silver, platinum, gold,
yitrium, neodymiuvm, iridium, germanium, barium, cesium, strontium, galifum,

cerium and other transition



thermal shock characteristics. The surface acoustic wave filter in example
embodiments is characterized in that it comprises a piezoelectric

elemauRsirates progiuaedfromoa ity B tapialale sinalecarystalQraithitmexcellent

niohate single crystal, which comprise at least one additional element
stressseiectedifaomatthis ges up ¢ thwistidlglopdloahanpperistemganese,
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contaRi@dnat, rgalslo AT . 06Dy dMmiBEi UMl e hanivuon bariim, cesium,
strontium, gallium, cerium and other transition 7 elements at a ratio of
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additional element in the single crystal is preferably contaihed at a ratio of
is cadibmid002wittedrimoreatoviess fhanc@letintdsuBn2T; Te giedoelantticontains

bstrate produced from.the or LN single crystal .containing.iron.as the
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__the additional element. Also, the yellow or orange color of the piezoelectric
unifosudsteaspeisashifothe tirbsigHsut the substrate, suggesting that the
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strate

substpicdyneddied theredheeetliium tahtalatersingleterystallor dithigah or lithium
niobate single crystal. The reduced piezoelectric substrate consists of a.

niobges Bl fie S SUbAECREGHGRRRREHEY sYRsdiathfoRtst:. QbodyF ANl ctric
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shows dark yellow or dark orange and is easily distinguished from a
[0029jezoeleckiwsuthstraie prodatad fsohsaatt Tecontdthsingleenystal tahiadditional

does not . . T
elemént shows dark vellow or dark orange and is easily distinguished from a

2 %%oelectric
so, the pieZoelectric subsirate may consist lezoelectric su

piezoelectric substrate produced from an LT or LN single erystal, which does not
comprise the additional element. Also, the dark yellow or dark orange of the
piez:olelectric substrate is uniform throughout the substrate, suggesting that the
additional element iron is uniformly dispersed in the substrate and that the reducing
treatment is uniformly performed.

[0030] Because the surface acoustic wave filter comprises the piezoelectric

substrate produced from the



comprise the additional element. Also, the dark yellow or dark orange of
the piezoelectric substrate is uniform throughout the substrate,

invengSugoaaing thatikle @aditiopakelemenbisarrisdunifgrnily disperssidgniigeof is

.. .. .substrate and that the reducing treatment is uniformly performed. [003
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an indeBstrateprnneddromithe §uriventive shglecchrstak oaeke fanrale acoustic
chipping during the processing thereof is inhibited, and processing .

wave SHelsibie RATHE BR6 COttify Brot cad s dnrethierk athAgna! aharierisasguced.
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wave filter, the occurrence of failures caused by shock or thermal shock is
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surface acoustic wave filter, comprising'the steps of: preparing a
produpidzdetectrivisubstratelqrotugec-from! afithilithitantalehetsisigidcrysstdlombich
a |ithii.lm niobatg si.ngl clré/stal whic £ ntains at least one,additiPnaI . (
contamns at 1east OPG? 81]110 ) ﬁ ment selecied rom tie Gio%%consls‘émg 01 110N, copper,
element selected from the group consisting of Irén, copper, manganese,
manganedybdesiyhicaabaltcsiiakelnizikel, carkonamagnesiynssitaniuiytungstengsten,
.. indium, tin, rhenium, scandjtun, rhodium, ruthenium,. palladjum, silver,
R R e L i Tt
ytiriuBirassieyh galliunaneeriysrantuethecdansitonelementsat admtionoklionm and
0.002wt% or more to 0.1 wt% or less, and has excellent stress shock

otber BRBFRRBRARSHAE ASHHSILNERR ChAPRTER M BT iRiNg! aF algEdtstieand has
excelltiD filmQndhe suHacs-efihs-piezrelactrissubstiatecandRatieringdhfing an

electrode thin film by photolithography to form an electrode having a
clectrefifehisHEFR oA e IS5 B RFTG UTE BEirfaEETats FORCPMIE filte il ectrode
thin FEXASYRIR.SMARIMEDLS COMPLIseR A RIGZaRISTIIC SHbstRIs: preparing

step of preparing a piezoelectric substrate, produced from LT single
cristanethol sifglerefistitavhibh contatss aewasiconsagdifidal dienfedmple

embofIfSHY fE%EBﬁH%e%roé’%‘fé’ib%FéEi%f g{%"étrate—preparing step of preparing a

piezoelectric substrate, produced from LT single crystal or LN single crystal which

contains at feast one additional element selected from the group consisting of iron,
copper, manganese, molybdenum, cobalt, nickel, zinc, carbon, magnesium, titanium,
tungsten, indium, tin, rhenium, scandium, rhodium, ruthenium, palladium, silver,
platinum. gold, yttrium. neodymium, iridium, germanium, barium, ecesium,
strontium, gallium, cerium and other transition elements at a ratio of from 0.002wt%
or more to 0.1 wt% or less, and has excellent stress shock characteristics and
thermal shock characteristics; an electrode thin film-forming step of forming an
electrode thin film on the surface of the piezoelectric substrate; an electrode-forming
step of and subjecting the electrode thin film to photolithography to form an
electrode having a given shape.

10032} Specifically, in the method of producing the surface acoustic wave
filter, the piezoelectric substrate produced from the inventive lithium tantalate single
crystal or lithium niobate single crystal is used, and an electrode 13 formed on the

surface of the piezoelectric substrate. Also, a piezoelectric substrate produced from
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copper, manganese, molybdenum, cobalt, nickel, zinc, carbon,
magnesium, titanium, tungsten, indium, tin, rhenium, scandium, rhodium,

the rediBENIHM:RABHHSINEE AR Mo Ol YHTTH L BROANII BrisidiUMay be

germanium, barium, cesium, strontium, gallium, cerium and other
used. transition elements at a ratio of from 0. 002wt% or more to 0.1 wt% or
ss, and.has excellent st ess.sho racte stics and thermal shock
[Oeggcfharact&?@} f%ﬁ &f e(z,f?%ge SHCb orﬁurrrllgfl é?epiﬁ}orml eleaﬁry te'r%t 18dused

crackthiinfiinoprithepseisfaseaof ﬁl@d@%&e|ﬁ§ﬁltﬁi§l}lbsétﬁtﬁlgﬂrp©|ﬁﬁﬁﬂ§eaimmemal
step of and subjecting the electrode thin film to photolithography to form

proceggingle b dechHg B & ivaH! sHigpdatbns Jjetp samchnyrsARBImetABH S to an
mcre%@ﬂﬂ C{é%(?%m&ﬁ/%éacﬁﬂ‘é ticwave filter the RIGASS r%?%}[t? ?H%Hﬁ’f@r can be

m the invent Ilthlum tantalate single crystal or lithium™
rapidhiqimfemm@lean@ﬂml sanised pamastn electrddeisctorineditiihelspriadeced.

the ple oelectric substr e. Also, a piezoelectric. substrate produced
10034 om o 1S e ks R Gt S CRUSGAP i e GEse 2

reducthS@epay e d (B33 Wherdhe-pigrnelartrisredbsiatermadamef figium

smgle crystal is used, crack, flaw or chipping in all processes, including
tantalagetisig o liskiigl mdltﬂnwmamph@@m@ecamjéhn%nédharr@@ﬁélfwmtép I8

carrleg1 Ou%ag ?1%{ e{%ué:gg& l?adl%éoﬁﬁllﬁ BOQH%V %tnc effe,c can
processes, including cu tlng an polis |ng can e rapl per ormed, a

be priftRisedface acoustic wave filter can be efficiently produced. [0034] Also
the piezoelectric substrate-preparing step may comprise a reducing step
of reducing the piezoelectric substrate produced from the lithium tantalate

single crystapapiftiugrieRae-piesle O kIR g Rpgycing step is

carried out, a surface acoustic wave filter having an inhibited pyroelectric
[003 8ffect cafl hseaproduaed CBRIEFHRES GRIFTAONO B THEDRAW IINGStion will

become apparent from the following description of a preferred embodiment, given
in conjunction with the accompanying drawings, in which:

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

FIG. 2 is a graphic diagram showing the comparison of deflective strength
according to the difference in thickness between an LT single crystal wafer having
an iron content of 0.02 wt% and an LT single crystal wafer having no additional

element;



[0035] The above and other objects and features of the present invention
will become apparent from the following description of a preferred
embodiment, given in conjunction with the accompanying drawings, in
which: FIG. | is a perspective view showing an. example of a surface
acoustic wave filter according to an embodiment of the present invention;
FIG. 2 is a graphic diagram showing the comparison of deflective strength
according to the difference in thickness between an LT single crystal
wafer having an iron content of 0.02 wt% and an LT single crystal wafer

hayig Hoaddifigna) Lleneio 496 ¢nad 5.8 MisrRomPLShawing e e sial

plane of an LT single crystal wafer having an iron content of 0.02 wt%
wafeantbamldl stingltecrysialanafef Cortaning rmddekitidNal etertentwxc FiG fer

4 is a graphic diagram showing the comparison of volume resistivity and
contaiagdporelititiBerordsRatfterthermal treatment between a reduced

LT.single crystal wafer containing no_additional, .element and a reduced
T ROIE Cyetbl BT e G o SMIER o Mot B At golume
resiQEHGRIHON O JHEBREEERRER EMBRRIMENES 1 1RO3011Vatiodtnent

embodiments of the present invention will now be described in detail with
betwefsrencerterithecabcbmpanyig deawings. 10087 Thenpresest imventiddiisonal
not limited by the following embodiments. Those skilled in the art will
elemeplrdtistetia Vit ModMCaHIoNSS Gl ditiBH aha'dDBsAfdEms &fntent of
P ible, without departing from the scope and spirit of the invention as

"~ “disclosed in the accompanying claims. [0038) <lithium tantalate single
crystal and lithium niobate single

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

[0037] The present invention is not limited by the following
embodiments. Those skilled in the art will appreciate that wvarious
modifications, additions and substitutions are possible, without departing

from the scope and spirit of the invention as disclosed in the accompanying

claims,

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

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

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

stroﬁgg%, % %Eﬂ%er&séﬁ%%ngﬁgeéﬁ%lSlf'xpac ks(i: 18rr1acet errilslteic 'S[%ng]l:iritt]i% of from
additional element may be any one, or two or more ser}ected ?rom among

0.00ei%0ppemstanganese, walyhslendsy, cabalt Hiskeh czinengadiedss shock
magnesium, titanium, tungsten, indium, tin, rhenium, scandium, rhodium,
charggheiiiiespad diven il ehasilstielanagotdi siteiim, neodymium, iridium,

maniym, barium, cesjium, strontium, gallium, cerium and other
100 351 tont ST, fOAOF FHE CBhiaRE S e AdtiGREF cléthehtR thE more
leweignt o theadditipaal element base t ' the, {yent]
> eIithium tanta?iate single crystal or Iitk%u%%grlﬂ%%giegﬁghk%@gg ti%% [v}’ve%%o%ﬁkel’
zincWhenb the additiesalelenientiisconiained af thelaboyenspéeifiednatie.heium,
single crystal has improved shock characteristics and thermal

rhodingractabitielith oreide 4o obtaiH esingle drysml Balthgvatiiore, mefstrmium,

.. ..single crystal, it is preferable to add the additional element at a. ratio o
ria R S o, S e BT T, e e A other

trar@fitheaddigienalelement is from 0.002wt% or more to less than 0.01 wt%.

[0040] The content of the additional element is the weight of the
additional element based on the total weight of the inventive lithium
tantalate single crystal or lithium niobate taken as 100 wt%. |

[00411 When the additional element is contained at the above-
specified ratio, the single crystal has improved shock characteristics and
thermal characteristics. In order to obtain a single crystal having a more

uniform single crystal, it is preferable to add the additional element at a

ratio of from 0.002wt% or more to 0.1 wt% or less. More preferably, the

content of the additional element is from 0.002wt% or more to less than
0.01 wt%.

[0042] <Method of producing reduced single crystal >
A method of producing the reduced lithium tantalate single crystal or
lithium niobate single crystal of the present invention comprises a step of

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

crystal.

[0043] The step of preparing the single crystal is not specifically

12



[0042] <Method of producing reduced single crystal > A method of
producing the reduced lithium tantalate single crystal or lithium niobate
single crystal of the present invention comprises a step of preparing the
single crystal and a reducing step of reducing the single crystal. [0043]
The step of preparing the single crystal is not specifically 12 limited. It can
be prepared according to any known methods, including the Czochralski
method. Specifically, the single crystal can be obtained by mixing and
baking given raw materials to form a raw material mixture, melting the
T materi ixture, | [ stal.in el llowi .
R N B R P R R
the Singtacrisdtahis tiasdspesiicaltydimitedhaslongeas:iyisal resucingsiepefd by
. Inhibiting the pyroelectric effect. For example, the wafer can be reduced
MIXIRE i A6 GERG ShE HE8ItIOHS EReritsiieoitaiPiglithiumvamakasiainglscture,
crystal or lithium, niobate.single crystal and an alkaljne meta| . :
me i & raUGIRG - JECHE R 4 Reaahait Sbbaratde dhg melt and
alloWaintairing dhedpsideafhe trgatment apparatus at a temperature of
200-1000 C in a vacuum. [0045] <Surface acoustic wave filter > The
[004dFace ddsustithwavesfilter of tiepresetitdnyentiancadepiises arystal is not
piezoelectric substrate produced from a lithium tantalate single crystal or a

SPefithPhioBRLE Singlé cl98@I, Whith BonitaiRs Hi%enst sheradeitiéhpibiting  the
pyr%ﬁ%ﬂ%sa?&?d i cr)nr tgge ’F%Lfg,ct%%s%%@groggg é:O Fﬁgﬁ%&:ﬁ? :#gg%iﬁl’cmg

denum, cobalt, nic INC, carbon, magnesium

the iBLAEL SNeRibm -SeandimdNadim, reNie SRUAIUPSIYSr lithium
platinum, yttrium, neodymium, iridium, germanium, barium, cesium,

nicbate single crystal and an alkaline metal compound-containing reducing
agent in a treatment apparatus and maintaining the inside of the treatment
apparatus at a temperature of 200-1000 T in a vacuum.
[0045] {Surface acoustic wave filter >

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

0.002wt% or more to 0.1 wi% or less, and has excellent stress shock
characteristics and thermal shock characteristics.

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

embodiment of the present invention will be described.
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strontium, gallium, cerium and other transition elements at a ratio of from
0.002wt% or more to 0.1 wt% or less, and has excellent stress shock
characteristics and thermal shock characteristics. [0046] Hereinafter, the
surface acoustic wave filter according to one embodiment of the present
invention will be described. 13 [00471 First, the construction of the surface
acoustic wave filter according to an embodiment of the present invention
will be described. FIG. 1 is a perspective view showing an example of the
surface acoustic wave filter according to this embodiment. As shown in
[00FG. 1, & sutfachicaconstiorwaverfiltef 1tbempiistsca casebeody 2wngka filter
chip 3. [00481 The case body 2 is made of ceramic material and has the
accosHYKe 6f AebtARGUlHF BaFaMIdpip R BERBheRBEHE ORe Tibhebsuffageribed.
FIG tl‘lle{’se 021;. pTI‘lle CéagﬁvbequEZ issqjlosed with aeggveli’gjgogf h(?ivevn(%t%tfthcee usti
“opening of the upper surface. 00481 The cﬁ‘fpn is feceived Th'the casg" e

wav®ddyed: Zheshimg £PMHSes 8 MiezRelectris substiate BLFMPUL 4 surface
electrodes 32a and 32b and output electrodes 33a and 33b. The

acoysivzoelectitisabstraten8i lvas a flzts shapdy Therplezaglgettic substrate 31
is made of a lithium tantalate single crystal containing jron at a ratio of

[O0EBY0 wios. [OOBBIETRE Tt SISLHIREY SEARI-IPB Siahadd drsiihfnehape
b- i I |
of a?fgcé%ﬁffqﬁ(?ﬁ? %}%@%ﬂeﬂ}é%g}go@ﬁgﬁg%%@s %@%haé?%%g%ffse 9%%%%?@@&@@.

ace of the piezoe 1 opposite other in

Thestwst: lepgth dlifectinnsuchithal theteetlniberaot @ngagewith gReH:her the

The input electrodes 32a and 32b are electrically connected with an input
uppesrininglcZl, embedded in the case body 2, through conducting wires 320a

{0028? 320&;}.}18 chip 3 is received in the case body 2. The chip 3
comprises a piezoelectric substrate 31, input electrodes 32a and 32b and
output electrodes 33a and 33b. The piezoelectric substrate 31 has a flat
shape. The piezoelectric substrate 31 is made of a lithium tantalate single
crystal containing iron at a ratio of 0.10 wt%.

[0050] The input electrodes 32a and 32b are made of aluminum and
are comb-shaped. The input elecirodes 32a and 32b are disposed on the
surface of the piezoelectric substrate 31 opposite each other in the short
length direction, such that the teeth thereof engage with each other. The
input electrodes 3Za and 32b are electrically connected with an input
terminal 21, embedded in the case body 2, through conducting wires 320a
and 320b. _ _

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

other in the short length direction, such that the teeth thereof engage with
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[0051] Likewise, the output electrodes 33a and 33b are made of

aluminum and are comb-shaped. The output electrodes 33a and 33b are

disposed on the surface of the piezoelectric substrate 31 opposite each

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

14 each other. Also, the output electrodes 33a and 33b are disposed

opposite the input electrodes 32a and 32b in the lengthwise direction.

The output electrodes 33a and 33b are electrically connected with an

output electrode 22, embedded in the case body 2, through conducting
cactViie$3302 and 330R,[0052], The eperation ofthe Syrface 8GOUSHC WawS,sq

filter according to the embodiment will now be described. First, voltage is
opp@fipiiedHs theinpelicelecifede33a and F2biram the inpugiermmiinal ditection.

through the conducting wires 320a and 320b. Then, reverse distortion
Thepenfash thiedhputesiecttodes 828 dndas2 prdeetircaliy temaected with an

iezoelectric effect, apr%a urface acoustic wave is excited. This surface ..
out R S i R S B o g R etine
wirexl 39n4hg surfaee of the piezoelectric substrate 31, distortion occurs due
to the transferred surface acoustic wave. Due to the distortion, electric

[008Rdrges "Bre produegdn Thk theducdd ahargesdie outpattéidtas aleotridakg to
signals_from the output electrodes 33a and 33b through the conductin

the \GrRCSHOE Hnd B30k 3N Pthe 68HUP RstminaIsD. m@%@,@qmﬁw@%é@sgﬁo the

o RRmeRL e plezcelecisc sybsiialgis PIBANCEA QM NG NI on e
antalate single crystal containing iron as the ditional efement.

~ conhioweayeryihe additionalelement is nphlimited @ #Qn, 4 and Mav BSetween the

selected from among the above-noted elements as appropriate. Also, the
inppieZestactiesiistratel Maybbe pradwcaeddrom thdithieroriaudtec effect, and a
surface acoustic wave is excited. This surface acoustic wave is
transferred to the surface of the piezoelectric substrate 31. On the
surface of the piezoelectric substrate 31, distortion occurs due to the
transferred surface acoustic wave., Due to the distortion, electric charges
are produced. Thé produced charges are outputted as electrical signals
from the output electrodes 33a and 33b through the conducting wires 330a
and 330b and the output terminal 22.

[0053] In the above embodiment, the pilezoelectric substrate is

produced from the lithium tantalate single crystal containing iron as the
additional element. However, the additional element is not limited to iron,
and may be selected from among the above-noted elements as appro;jriate.
Also, the piezoelectric substrate may be produced from a lithium niobate
singie crystal containing a given additional element. For the inhibition of

the pyroelectric effect, the piezoelectric substrate may also be produced

from an LT or LN single crystal containing a given additional element
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single crystal containing a given additional element. For the inhibition of
the pyroelectric effect, the piezoelectric substrate may also be produced
from an LT or LN single crystal containing a given additional element 15
subjected to reduction treatment. Also, the material of the input
electrodes and the output electrodes is not limited to aluminum, but may
be a metal, such as an aluminum alloy, copper or gold. Also, in the above
embodiment, the case body made of ceramic material is used. However,
the case body may be formed of other insulating materials, such as resin.

subji00RH <Method,ofi prpdyeing sprface acousiic wave filter 2 The gpethiod qf ¢
producing the surface acoustic wave filter of the present invention

electomiprisesd piezoelpotriclsubsikbie-prepayifignsteq, tan elegtiode HiR may be
film-forming step and an electrode-forming step. Hereinafter, each of the

a mgiahs FHEBededsriBRINDOSE] U PicsoBRRTOE HITate Ppaihgeepbove

This step is,a step of .preparing.a piezoelectric substrate produced from a
e s BB oAb a T e Gy B Sl cver,

the eQREINSAF least pREddEiOnal slament selected a8 Iroyrh as resin.

consisting of iron, copper, manganese, molybdenum, cobalt, nickel, zinc,

[ 00&arbon, madmidsidne fitami dom; itungstein,dadicm, ging ivenigmi] seahdium,
rhodium, ruthenium, palladium, silver, platinum, gold, yttrium, neodymium,
iridiiR, GEPRRRSIURT, BARGNCBEsIthS, STHBRRGR, FRONFHC cavRirR afifothef the

transifi ent aé -ratio of from 0,002wt% or more to 0.1 wt% or less
P L T R B e ST nar hgting 888, an

ele shateteriplics. {18561Jratigxamplepa wafer, %Wairéﬁgé%Ych’émTBﬁHMa%nestep.
of the inventive lithium tantalate single crystals or lithium niobate single

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

This step is a step of preparing a piezoelectric substrate produced
from a lithium tantalate single crystal or a lithium niobate single crystal,
which contains at least one additional element selected from the group
consisting of iron, copper, manganese, molybdenum, cobalt, nickel, zinc,
carbon, magnesium titanium, tungsten, indium, tin, rhenium, scandium,
rhodium, ruthenium, palladium, silver, platinum, gold, vttrium, neodymium,
iridium, germanium, barium, cesium, strontium, gallium, cerium and other

transition elements at a ratio of from 0.002wt% or more to 0.1 wt% or less

and has excellent stress shock characteristics and thermal shock

characteristics.

[0056] For example, a wafer, obtained by cutting any one of the

inventive lithium tantalate single crystals or lithium niobate single crystals
to a given thickness and polishing both sides of the cut crystal, may be

prepared as the piezoelectric substrate. Also, even if any of the single
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to a given thickness and polishing both sides of the cut crystal, may be
prepared as the piezoelectric substrate. Also, even if any of the single 16
crystals is used, the ratio of the additional element is preferably from
0.002wt% or more to 0.1 wt% or less. More preferably, it is from
0.002wt% or more to less than 0.01 wt%. For the inhibition of the
pyroelectric effect, a reducing step of reducing the LT or LN single crystal
containing the additional element may be carried out. Also, in
pretreatment processes, cleaning or surface treatment of the piezoelectric
crysdbstiate,may, beearriedout 0057 {A)dIagirade thin fimsforming step ¢rom
This step is a step of forming an electrode thin film on the surface of the
0.0Qsis7belcetricrsutssttate O Themtenal dbtize elédode phirf fitmbnay heid from
0 Oq‘geta%J such as aluminum, an aluminum alloy, copper or gold. The metal
VYRENE U8 dHE Fhe TRetssr i BIliFbbethif filmiigapbirdiBhibitienrfaéethe
[ tri rmet r thinfilm.. The film can
P i any K maton, s et Iy el ey sta
condgppsitionher chiijeal Maperdapasition(CVR)- [Q88]dd) out.  Also,
Electrode-forming step This step is a step of patterning the electrode thin
PrefeifoRnbdisicehseuriicanih e piszobleetric sabstrateolising piezoelectric

Subg{:rottolitho rgph , to.fcgm an electrode having a given shape. This
D St(ﬁitzﬁlgg’r Sh CaIF6ePtrried out in a conventional order. For example,

[ 0OBFBRNIC r@gyn@g&%qﬁﬁ%ﬁl%yﬁ%%%g%% electrode thin film. Then,

the film is pre-baked at a temperature o 70-90 C. Then, the film is

exfidsedste fight dhsoughy faf photiomask brydoehaPalRITisNhaga et ce of
electrode) formed thereon. Subsequently, the film is post-baked at 130 C.
the pheroshRaeisubstrate. The material of the electrode thin film may be

in

a metal, such as aluminum, an aluminum alloy, copper or gold. The metal
that is used as the metal of the electrode thin film is applied on the surface
of the piezoelectric substrate to form the electrode thin film. The film can

be formed using any known method, such as sputtering, vacuum deposition

or chemical vapor deposition (CVD).
{0058] (3) Electrode—forming step

This step is a step of patterning the electrode thin film, formed on
the surface of the piezoelectric substrate, using photolithography, to form
an electrode having a given shape. This photolithography can be carried
out in a conventional order. For example, organic resin as a photoresist is
applied on the electrode thin film. Then, the film is pre-baked at a
- temperature of about 70-90 C. Then, the film is exposed to light through
a photomask having a pattern (such as a metal electrode) formed thereon.
Subsquerntly, the film is post—baked at 130 T. Then, the film is

developed, and the exposed region of the photoresist is removed. Finally,
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developed, and the exposed region of the photoresist is removed. Finally,
17 the film is wet-etched or dry-etched, thus forming an electrode having a
given shape. [0059] Also, in the present invention, after the electrode is
formed, the piezoelectric substrate may be cut to a given size and
received in the case. Then, the electrode may be connected with a given
terminal, and the case may be closed, thus producing a surface acoustic
wave filter. [0060] Examples Based on the above embodiment, the lithium
tantalate single crystal of the present invention was prepared in various

the Whysisvaraus tatessurerientsweiederfermegr-ailibe prepareddidhiumving a
~ tantalate single crystal, and the shock characteristics and thermal shock
giveghakadRristics of the single crystal were evaluated. Hereinafter, the

tion, i t d lyati f the lithi tantalat
1005l cryscit i BE “cdSEr5ed. AEG e oA Shgccrd o

the Wil hs-abbrevialegdas.an tak pingle.giystal [906) AR LT single coystd] in the

containing 0-1.20 wt% of iron as an additional element was prepared

casasinglthe, Czechrhiski onkthod yFbe thisnparpase, Wwith axidey@re208hasaan and
iron source, lithium carbonate (Li2ZCO3) as a lithium source, and a

the CARSITMA HHEIPASH5) ASSPERHHIRS AU S AFEr @ Cradirinanas &b

00® unt a4 ther, a_nd th_e mixture was ba_lke_d at 1000 C for 10
t h(r(;sg)rs tovﬁogrhn%g)cr%v% material mixture. Also, the lithium carbonate and the

tarmaltwa Rentexide hada QuHOh2%09%e Thenuthe JaW matatidble crystal
mixture was placed in a crucible made of iridium and was melted by high
of frlequanepiductivreheating whse melting temperattreiwmas T700C. A Various
seed crystal cut in a given direction was immersed in the raw )
measurements were performed on the prepared lithium tantalate single.

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

[0061] An LT single crystal containing 0-1.20 wt% of iron‘ as an
additional element was prepared using the Czochralski method. For this
purpose, iron oxide (Fex0s) as an iron source, lithium carbonate (LisCO3) as
a lithium source, and a tantalum oxide (Taz0s) as a tantalum source, were
mixed in prescribed amount with each other, and the. mixture was baked at
1000 T for 10 hours to form a raw material mixture. Also, the lithium
carbonate and the tantalum pentoxide had a purity of 99.99%. Then, the
raw material mixture was placed in a crucible made of iridium and was

melted by high frequency induction heating. The melting temperature was

1700 C. A seed crystal cut in a given direction was immersed in the raw
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18 material mixture and grown while being revolved at a speed of 10 rpm
at a lifting rate of 5 mm/hr, thus obtaining a single crystal having a
diameter of about 80 mm and a length of about 60 mm. [0062] Also,
copper, cobalt, nickel, manganese, yttrium or titanium was used as an
additional element to prepare LT single crystals having an additional
element content of 0.10 wt%. The single crystals were prepared in the
same manner as in the method of using iron as the additional element,
except that an oxide of each additional element was used in place of iron

mateiden0063: A sty sial Mok hayipgia dhicknass f R Was O 8 rpm at »

___positions 5 mm and 60 mm from the upper end of each of the obtained
liftingrygbs Of S pentiiely s usied inereing thie g typper kadiof aisitigleeter of
" means the end of the seed crystal in the axial direction in the

|
abOLgg"irng :%Ws?gfi thith theletRa bW dSited first. Then, one side of the
R P 1 e Al

of wafers for each of the prepared LT single crystals, WHic ad differen
wascusting apasitiads atdheluplpenportion grd the IDVeE PR WRES s having an-

produced. Also, the wafer having a cutting position at the upper portion
addijjeadlespirment "wispeeatystdl Walél", aihththe Wafer Ianizig acuttitgs were
prelPOSiHOQ atthe lower portion was designated "lower crystal wafer". [0064]

Also; the wafers R tHRRRBREEe@Df 3505, BEEIM, dbousmeawmryas, the
adaitRhamArhLAgme20dhainalpolshing %fgﬁgghwgégg]{gﬁ%ogfe@g as

mechanochemical polish method by co ica. [
useiton-ptataining bl single.crystal showed red in the mass state. The wafer

produced from the LT single crystal showed yellow or 19
[0063 A crystal block having a thickness of 1 mm was cut at positions

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

[0064] Also, the wafers had thicknesses of 350 mm, 300 im, 250 (m,
200 tm, 180 um-and 150 m, and the final polishing process was carfied out

using a mechanochemical polish method by colloidal silica.

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

state. The wafer produced from the LT single crystal showed yellow or
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orange-colored, and it turned orange-colored with an increase in the iron
content. [0066] The wafers, produced from the prepared LT single crystal
having iron contents of 0.001 wt%, 0.002 wt%. 0.005 wt%. 0.01 wt% and
0.02 wt%, respectively, showed yellow, and the wafers produced from the
LT single crystals having iron contents of 0.10 wt%. 0.50 wt%. 1.00 wt%
and 1.20 wt%, respectively, showed orange-colored. Also, the wafer
produced from the LT single crystal containing no additional element
showed white. [00677 The yellow or orange color of the wafers was

orangriferolotugughaut therweletsssiggessing dhatine additional lemenhiton on
was uniformly dispersed in the wafers. [0068] Also, wafers were produced
COtlgf the iron-containing LT single crystals subjected to reduction

tment., Herein, the reduction treatment. was carried sing an
[Oogﬁ istatizf:[?gat%é}a rasppglfgt%%cg %I?ﬁgtgetréﬁt%?@ﬁ?g%ﬁt inSing Resterstal

haviagdi BoyasHHB RYTYY- (Nhe aptigtaticy teatnyart apParatis & piPe WasT wita,

connected to one side of the treatment container, and the vacuum pump

and wdscorfected te thevpipe. streughytbdosgnaedtedpipef gas wasiver®drom
from the treatment container. [0069] In the treatment container, each

the kot P iELe URITEY SalBAY IR RIS ATERIBHRIOBOWASY A5t doredubig W% .

. Wi S supported a \afer cassette case made of
1,()(28@%’ %]\%\ia er@gv%ferip%%&cggf%o Sm%W?§£5ﬂ¥§8F 5%06%%mn{m‘iﬁo' the
waftitigkneis: &0 Sheetmel wafers werer-sisprsed aliath e/ abefi abAYE Rlement

mm. The lithium chloride powder was received in a Schale made of

showgartwigisss, separately from the wafers. 20 The amount of the received

lithium chloride powder was about 100
[0067] J

The vyellow or orange color of the wafers was uniform

th_roughout the wafers, suggesting that the additiona! element iron was
uniformly dispersed in the wafers.

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

connected pipe, gas was vented from the treatment container.,

[0069] In the treatment container, each wafer was received, along with

lithium chloride powder as a reducing agent. Each wafer was .supported

by a wafer cassette case made of quartz. The wafers were 4 inches (100

mm) in diameter and 0.5 mm in thickness, 50 sheets of wafers were
disposed at an interval of about 5 mm. The lithium chloride powder was

received in a Schale made of quartz glass, separately from the wafers.
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[0070] The heater was disposed such that it surrounded all sides of the
treatment container. [0071] An example of antistatic treatment using the
antistatic treatment apparatus will now be described. First, the inside of
the treatment container was set to a vacuum atmosphere of about 1.33
Pa using the vacuum pump. Then, the treatment container was heated
using the heater, and the temperature within the treatment container was
elevated to 550 'C after being heated for 3 hours. When the temperature
within the treatment container reached at 550 'C, the treatment container

Thewasomainséitted for8/baurgtithaiistateid hervike heateswas Stopped,
and the inside of the treatment container was passively cooled, thus

10038 ainind BEcher dukad wWisersqao7el T Hdataiérs producdedrath thides of

{ed%ced T sint%le cgystals having iron contents of 0.002-0.01 wt% and
the ired Lient contaiher, :
showing the orlglnaei yellow color, respectively, showed dark yellow. The

roowafers, praduged digm thes LT single crystals having ifeegﬁ%m%ﬂg Of ntistatic

0.05-1.20 wt% and showing the original orange color, respectiv
treaghoweé dagarkratangenafteribre réducfienctivatmentF P07 3]t AlsOirtbRIWafgT the
produced from the LT single crystal containing no additional element and

reainit FIRLSAME FHafRbr & AebafbEmabone sehangeafrakowhite 88 Pa
usi d\y e g}c.tio reatment, [0074] The u er cr stal wafer and .
Ht%%we%é%@a#v%aér prrg ‘Sgéréhf?ort cath o %ecﬁgggfﬁlgei P8tdls Aete 'S 1ng
the SHbjaeted iR Varipus maassrementsHarginatier meastred items wilkirsty .
be described, and 21 the measurement results and evaluation will then
eleydaibsoribed. (DOVBE(1)SudehpoirtdnasBrément. When the temperature
within the treatment container reached at 550 T, the treatment container
was maintained for 18 hours in that state. Then, the heater was stopped,
and the inside of the treatment container was passively - cooled, thus
obtaining each of reduced wafers.
[0072] The 'Wafe_rs produced from the reduced LT single crystals
having iron contents of 0.002-0.01 wt% and showing the original vellow
color, respectively, showed dark vellow. The wafers, produced from the

LT single crystals having iron contents of 0.05-1.20 wt% and showing the

original orange color, respectively, showed dark orange after the reduction

treatment.

[0073] Also, the wafer produced from the LT single crystal containing

no additional element and reduced in the same manner as described above,

changed from white to black due to the reduction treatment.

[0074] The upper crystal wafer and the lower crystal wafer produced
for each of the LT single crystals, were subjected to wvarious

measurements. Hereinafter, measured items will first be described, and
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The Curie points.of the upper crystal wafer and the lower crystal wafer
were measured with a differential thermal analyzer (DTA). The Curie
point was measured at a total of five positions, including a central position
on the wafer and four positions in an inner edge 5 mm apart from the
edge of the wafer. Also, the difference between the Curie point of the
upper crystal wafer and the Curie point of the lower crystal wafer was
calculated. In the calculation of the difference of the Curie point, the value
measured at the central portion of each of the wafers was used. [0076]

the R:Searesatinn-atadditionakelament Wheatherthe adgitional element in

the upper crystal wafer and the lower crystal wafer (hereinaiter
[00FBhreviatdd Esitivafer)was segregatad was visually observed. Also, the

insi%%a d quter circumferential portions of the wafers were visually

ob

R EeP A NAItE HIBFeSEPR TafY RN WiHEmamshysia dersets crystal

¢includin , d twin_crystals, were present.in the elrr)rs

TG b R T s

Curfate einwafes The sieeessaiate ab@yialBrenihwas sxpiessedias thecentral
percentage of the number of successes of crystal growth with respect to

PosiHemyhbécofvafgstalngtdwtly atteipns.s[00 78] Alsertheigeod pradugtatérom
the \gras detgrmined cutting a 1 mm._ thick crystal block from a single crystal

FErdsinga per%&ﬁ’o@%dggﬁﬁ%ﬁ?pPSGW&§%vﬁher&ﬁ@§tP@i[@(ﬂf the
uppRroducts. Asuised hﬁ{(?inc%%e(ia?iée%&gﬁ%‘% qyality products” means that

wafers having required thickness th cleaning an po(firs}ﬁmé? waler was

calqubresses lexperienetontaciank dlawmandighinning, andihuscandeussd the
as products. _
value measured at the central portion of each of the wafers was used.

[0076] (2) Segregation of additional element

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

whether crystal defects, including cracks, bubbles and twin crystals, were
present in the wafers was examined.
[0077] (3) Success rate of crystal growth and good product rate of

wafer
The success rate of crystal growth was expressed as the percentage

of the number of successes of crystal growth with respect to the number of

crystal growth attempts.

[0078] Also, the good product rate was determined by cutting a 1 mm

thick crystal block from a single crystal and expressing the percent of

good quality products with respect to 100 products. As used herein, the
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(00791 The results of measurement and observation of the above
sections (1)-(3), measured for the LT single crystals containing iron as an
additional element, are shown in Table 1 below. Also, the results of
measurement and observation of the above section (2) and wafer good
product rate, measured for the LT single crystals containing copper,
cobalt, nickel, manganese, yttrium or titanium as an additional element,
are shown in Table 2 below. Also, the results of measurement of wafer
good product rate of the LT single crystal subjected to reduction

tertHEALNEAt AISIRHORD I kable 3 belovy, 2300801 [Eépiﬁg}ém;f@é‘_tﬁﬁwness
0.001 0.002 0.005 +603.2603.4 0.10 0.50 1.00 1.20 (wt%) Curie point of

thr602l0 6B251692:0 601 €0iR 4 62636428 654drigpper portiarok criistal and
(C) Curie point of 602.5 602.4 602.4 603.0 603.4 603.6 608.2 627.7 650.8

Chipgpisls: RiGeH oo dreonEesl &) BrdRshte in 0.50.1 0.50.10.20.2 .2 0

(odrd -5 B34 EUIERAI BEWRERN URRSH RRMANANSH LG ROMIO%: (BL above
sections (1)-(3), measured for the LT single crystals containing iron as an
additional element, are shown in Table 1 below. Also, the results of
measurement and observation of the above section (2) and wafer good
product rate, measured for the LT single crystals containing copper, cobalt,
nickel, manganese, vttrium or titanium as an additional elemént, are shown
in Table 2 below. Also, the results of measuremént of wafer good product

rate of the LT single crystal subjected to reduction treatment are shown in
Table 3 below.
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Segregation of None None None None None None None None None

Present iron it Crystal defects None None None None None None None
None None Present Good product 95 96 98 100 99 99 98 89 72 68 rate

of 350 pm thick wafers (98) Good product 79 82 82 99 99 98 97 76 69 60

rate of 200 um thick wafers (%)

".. Good product 58 60 7594 959391 71
67 5"s rate of 150 p, thick wafers (%Y 24 [0081] [Table 21 Additional

None Cu Co NiMn Y Ti element Content 0 0.10 0.10 0.10 0.10 0.10 0.10

(wt%) Segregation None None None None None None None of additional

(008 nent %@&i uct 79 97 93 89 91 90 89 rate of 200 um

Iron content 0.001 | 0.002 | 0.005 0.01 0.02 0.10 0.50 1.00 1.20
(wish}

Curie point of | 602.0 | 8025 | 8029 | 803.1 603.2 603.4 | 6084 | 625.3 647.3 654.1
upper  portion

of crystal (TT)

Curie point of { G025 802.4 | 8024 603.0 503.4 603.6 | 808.2 | 6277 650.8 660.3
lower  portion

of crystal (T

Difference in 0.5 0.1 0.5 0.1 0.2 0.2 0.2 2.4 3.5 6.2
Curie point

between upper

portion and

lower portion

)

Segregaﬁon of | None None None None None None | None None None Present
iron

Crystal defects | None None None None None None | None None None Present
Good  product 95 96 98 100 59 99 98 85 74 63
ratz of 350 m

thick wafers

(%)

Good  product 79 82 82 99 39 28 o7 76 69 60
rate of 200 m

thick wafers

(%)

Good  product 58 GO 75 94 95 83 91 71 57 55
rate of 150 m

thick wafers

%)
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thick wafers (%) Good product 58 91 89 88 87 85 80 rate of 150 um thick
wafers (%) [0082] [Table 3] Iron content 0 0.002 0.005 0.009 0.01 0.02
0.022 (wt%) Good product 75 80 96 93 95 92 95 rate of 200 um thick

wafers (%) Good product 56 73 94 94 94 93 92 rate of 150 um thick

wafers (%) [00837 The uniformity of composition of the prepared LT
single crystals will now be described. The uniformity of composition can
be evaluated by the difference between the Curie point of the upper

e e s .
Addandurie poilitief the GPper portidn and I&Wer portii of the single] T
clemppstal can indicate that the 25 composition is miore uniform in the axial
Condfraiction of theOSingae dpyidtal. AgdPwWhen @hecompoOsition|is niform, 0.10
(wtfggither the segregation of the)

Segregation None None None None None None None
of additional

element

Good product - 79 a7 93 829 a1 80 39
rate of 200 umn

thick wafers

(%)

Good_ product b8 91 39 a8 37 85 g0
rate of 150 im

thick wafers

(%)

[0082] [Table 3]

Iron content 0 0.002 0.005 0.009 0.01 0.02 0.022
(Wi%)

Good product 75 80 96 93 95 92 95
rate of 200 um

thick wafers

(%)

‘Good product 56 73 94 94 94 93 92
rate of 150 m

thick wafers

(%)

[0083] The uniformity of composition of the prepared LT single

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

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

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

the LT single

[0084]

crystal,

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

upper portion and lower portion of the single crystal can indicate that the
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additional element nor crystal defects occur. Also, the LT single crystal or
LN single crystal containing iron shows yellow or orange-colored in the
wafer produced from the single crystal. The color of the wafer is uniform
throughout the wafer, suggesting that iron is uniformly dispersed in the
wafer. [0085] As shown in Table 1, in the LT single crystal containing no
additional element, the difference of Curie point between the upper portion
and the lower portion of the single crystal was 0.5 C. That is, because
there was little or no difference in Curie point between the upper and
coni@BEt RAMANSRIDE, siltaleFrystahe! CanDERRERIAL e FOMROsON Ol gy
the LT single crystal, containing no additional element, was uniformm.
- AlsqoostiMedmvhilenindbiibh singleifiystal copteiRingBe ikn:eepaMofof the
' 1.20 wt%, the difference in Curie point between the upper and lower

addfionahehrmdings cpsRwWasis T orkigtsuglians that, inttmngte crystal

nql S in iron content of 1.20 wt%, the composition at the .
o e e B R Aok GRABHRRAIOREC in the

wafels@eyidenidramihersearegrtiopya non-segregation &f fhe agditional yniform

element. If the additional element is not uniformly contained in the crystal,
threnghegredutionatthe sadtitotialze ldraentrwill appeaifcand erystalaefedtsn the
waﬁNi" tend to occur. In the LT single crystal having an iron content of 1.20

W%, the segregation of the additional element iron was observed, and

tal defec o] . [0087] Inthe single crystals having iron
[Oﬁ)%ients%go%%%ogggﬁégﬁ%é), hé;ld#%?er#je iR 'eéafﬁ?%leﬁ'/? AHEE 11O

addm@oeazaaraamwgt,p@réimﬁf@fe&h@cws@%ﬁwaﬁ&rk%é&eéﬁi%ﬁ@%%%? hltion

the composition of the LT single crystals having iron contents
andolbg2lowernersrias urifthe single crystal was 0.5 C. That is, because

there was little or no difference in Curie point between the upper and
lower portions of the single crystal, it can be seen that the composition of
the LT single crystal, containing no additional element, was uniform.

[0086] Meanwhile, in the LT single crystal containing an iron conient
of 1.20 wt%, the difference in Curie point between the upper and IOWer
portions of the single crystal was 6.2 . This suggests that, in the LT
single crystal having an iron content of 1.20 wi%, the composition at the
upper and lower portions of the single crystal was not uniform. This is
also evident from the segregation or non-segregation of the additional
element. If the additional element is not uniformly contained in the crystal,
the segregation of the additional element will appear, and crystal defects
will tend to occur. In the LT single crystal having an iron content of 1.20

wit%, the segregation of the additional element iron was observed, and
crystal defects also occurred.

[00871 In the LT single crystals having iron contents of 0.002-1.00
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[0088] In addition, in the LT single crystals having iron contents of
0.002-1.00 wt%, the segregation of iron was not observed, and no crystal
defects also occurred. Because the single crystals, in which the
difference in Curie point between the upper and lower portion thereof is in
the above-specified range, have a uniform composition, they are also
suitable for the production of piezoelectric substrates for surface acoustic
wave filters. [0089] Particularly, the composition of the LT single crystals
having iron contents of 0.002-0.1 wt% is more uniform, and thus these

wtopingle Grysialsare morg R efsrablyyerdip #o PIEZRPIBRHS portions of

substrates for surface acoustic wave filters. [0090] Also, as can be seen

the iertheabswisso goodl praciuctTate atigasionss thickiessesipddblenlof the LT
above, in the case of the LT single crystals having iron contents of

SINGOHLYE 1R ARYE TR 501 pRIVGEFaeE OF dhe22dc0h ek ws boumm.

%’ k wafers reatly increased, compared to the case of the LT sjngle
00 “&%590 S? o
E crystal cc?lrll;ta%nln% ho' addi |o%ai ele?ﬁ%%?é)[ﬁgﬁt%\fﬁs(e)t}%\él%gnIB%nseCéjﬁltﬁ%ts of

0.0t 1eS0Its 0f,gane REoduck sailern TaRIR 4akovs: ihecase ofhebTerystal
single crystals having a copper, cobalt, nickel, manganese, yttrium or

defgedpiua Tonteetoredo widse thergoodhproduct latecof #iel200 imm Whckh  the
and 150.um, thick Waferiiwas greaﬂy increased, compared to the case of .

i ] S Hqe iRt Er LA MEHSS R S HRRFA PAEHRFED Poobio] Kisseas is in

the cgg(g\ges%%% jﬂfﬁ@ﬁ r%&{%%oflg%pg %ro%ﬁtorlate act variougs thicknesses of

the reduced, iron-containing LT single crystals in “Tabre lggbve,?ﬁe zé%%dalso

suifldues Fateavasodrieatiyinerepresheusrctha singl e yfals wediced fotustic
thefi?hibition of pyroelectric effects.
wave filters,

[0089] Particularly, the composition of the LT single crystals having
iron contents of 0.002-0.1 wi% is more uniform, and thus these single

crystals are more preferably used to produce piezoelectric substrates for
surface acoustic wave filters,

[0080] Also, as can be seen in the results of good product rate at

various thicknesses in Table 1 above, in the case of the LT single crystals
having iron contents of 0.002-0.1 wt%, the good product rate of the 200 um
thick and 150 im thick wafers was greatly increased, compared to the case
of the LT single crystal containing no additionél element.

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

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

additional element.
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[00937 The thickness required by prior wafers was 1-0.3 mm, but it was
recently reduced to 0.3-0.1 mm according to the requirement for thinning.
So, the good product rate above mentioned can be worth practical use.
[00947 Also, dicing tests were carried out on the LT single crystal wafer
having a thickness of 0.25 mm and a diameter of 4 inches (100 mm) and
containing no additional element, the reduced LT single crystal wafer
containing no additional element, the LT single crystal wafer containing
0.01 wt% of iron, the reduced LT single crystal wafer containing 0.01 wt%

[ooddfon, and:the reduged LI sipgle grysial waterneoniaining, -QQo M6 Qhie at

iron. [00951 In the dicing test, each of the wafers was cut using a #600
vargliamohd ktade havirigthadladdwaidth of &2 comiBiatregcliffingisgeedofstals in

10.0 mm/sec, and the number of places where chips larger than 10 gm
Tabjg %o?ﬁ%%ﬁaﬁ&%b%‘é%c?%@dﬁﬁ@aﬁésm%@éé HH IR Gen in the

smg%gﬁ%%%g%% Fadl %reed ed n l% LI s %I |e er é%h\/\{gfg ta|n|ng no

elemen cﬁlppe aces served in Fne reduced

[oddgagingle TrestelwriRISSoRiginiag Wﬁ%@@ﬂl@@%%@@@ 8y, but it
one chipped place was observed in the reduced LT single crystal wafer

wagontaininty 0;605:10e% 60iron; and nowohigpingraszolisemled iretherdement for
. single crystal wafer containing 0.01 wt% of iron and in the reduced LT 28

thighiae cryRtal WiterdSMRaiRiff0 e 1% G RBNS[0BSEHeRSH téde De worth

pi,arggggﬁug(gould be seen that, unlike the LT single crystal wafer containing
no additional element, the LT single crystal wafers containing 0.005 wt%

[008 8101 wikisof, iroivand the redueed stagiecetysial waferecOmaikingle crystal
0.005wt%o0 or O.Olwt% can be diced in a good manner

wafer having a thickness of 0.25 mm and a diameter of 4 inches (100 mm)

and containing no additional element, the reduced LT single crystal wafer

containing no additional element, the LT single crystal wafer containing

O.Ql wt% of i_ron, the reduced LT single crystal wafer containing 0.01 wt%

of 1ron, and the reduced LT single crystal wafer containing 0.005 wt% of

iron.

[0095] In the dicing test, each of the wafers was cut using a #600

diamond blade having a blade width of 0.2 mmT, at a cutting speed of 10.0
mm/sec, and the number of places where chips larger than 10 mm are
formed and observed on the cut plane, was counted. As a result, 11
chipped places were observed in the LT single crystal wafer containing no
additional element, and 15 chipped places were observed in the reduced
LT single crystal wafers containing no additional element, whereas only
one ch{pped place was observed in the reduced LT single crystal wafer
containing 0.005 wt% of iron, and no chipping was observed in the LT

single crystal wafer containing 0.01 wt% of iron and in the reduced LT
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without chipping on the cut plane. [00971 (4) Measurement of deflective
strength and elongation modulus The wafers having the respective
thicknesses produced from the LT single crystals containing iron were
measured for deflective strength. The measurement of deflective strength
was carried out using a three- point bending test by the Shimadzu
Autograph machine (A G S -1000B). The test conditions were as follows:
a base length of 55 mm, room temperature, an air atmosphere, and a
crosshead speed of 0.5 mm/min. Also, the maximum load of the machine

sing’}@%éﬂ%}ﬂ-%%@gﬁlc%k%%mﬁ%?wRﬁ%%?fiﬁéﬂﬂgation modulus was

carried out on test samples having a size of 18 mmX10 mmXO.2 mm, cut

[00R6m the Iwafersieningaeshective thicknessese pragucachitem the LT single
si%glle crystals containing iron. In the same manner as in the

Ccry phabSishemrdrina v deidHytal mle meaburbmbm waglkaneg@ltwalers

' r int, bending-tes the.Shimadzu autograph machine
e B Mol oo it TN G RG tuererystal
wa R38R K09 HeMBEratey Lyt Al AMESPNEES AL 0 00d manner
_ crosshead speed of 0.5 mm/min. Herein, the maximum load of fhe
witheaghthepmae 5N Eheuglohgation modulus was calculated from bend at
um load in the results of the three-point bending test. 29

break or i e-
[0G8ddo) T TR BI b S oA e SR iR R FEPRSD 2B T BorTaIdulus

4sh@}ty§(p ing:strengt reak, elongation modulus and

elongation %%%%%%grg% %%’eqé%%ggt% %gﬁ_ﬁlélgn%rfg Sc?%téﬂr §+é“r§dc$ﬁ?éwﬂ?§ LT
singfien.drvkl@is2, dbavsiaxisindisates dhe thigknesscof the walaieand thewrenath,

axis indicates the deflective strength flexural modulus (N) of the wafers.
Theomenjunemen, ehedsyimisohindisatesdtie resultsafribe Ldusinglmg a three-
point bending test by the Shimadzu Autograph machine (A G S -1000B).
The test conditions were as follows: a base length of 55 mm, room
temperature, an air atmosphere, and a crosshead speed of 0.5 mm/min.
Also, the maximum load of the machine was 150 N, |

- {0098] Also, the measurement of elongation modulus was carried out

on test samples having a size of 18 mm>10 mmX*0.2 mm, cut from the

wafers having respective thicknesses, produced from the LT single

crystals containing iron. In the same manner as in the measurement of

deflective strength, the measurement was carried out using a three-point
bending test by the Shimadzu autograph machine (AGS-1000B). The test
conditions were as follows! a distance between points of 3.0 mm, room
temperature, an air atmosphere, and a crosshead speed of 0.5 mm/min.
Herein, the maximum load of the machine was 50 N. The elongation

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

of the three-point bending test.
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crystals having an iron content of 0.02wt%, and the symbol A indicates the
results of the LT single crystal containing no additional element. [00101]
[Table 41 Bending strength Young's modulus Young's modulus at break
(N/mm?2) ratio LT single crystal 30N 18006.0 1 containing no additional
element LT single crystal 32N 18001.1 1 containing 0.001wt% of iron LT
single crystal 45N 17892.3 0.99 containing 0.005 wt% of iron LT single
crystal >50N 17851.6 0.91 containing 0.02 wt% of iron not broken [00102]
As clearly shown in FIG. 2, the deflective strength of the LT single crystal
[ooemYaining Q02106 pEirQIhas A felatipnship,tphe, tﬁ'ﬁﬁf‘eisa?%féh%able 4.
wafer, and was greatly increased compared to the LT single crystal
Tahdgnthinihgwie dliditibralaementeAtitiough bet showdnghe oigure, dhfis and
1 deflective strengths of the LT single crystal containing 0.01 wt% of iron
elongiira F&Béb‘g‘&ﬁ_ﬁﬁ%@fa eRrdtat Lohtaining B Vs Rirore lvsrecalstrining

iror{”e?ﬁ‘_lﬁ?@: Shedeflect g ?Hc%r&%tped he {ﬁp %%%Iﬁ;%%%%g&%gg};énd the y-

containing 0.01 wt% of iron was not differen

axistiedigtht of the-ndetiredice b SINGIT G SRl GABAIMNI QDL ik, af ipL)..

and was increased compared to the LT single crystal containing no
{001001 In FIG. 2, the symbol @ indicates the results of the LT single
crystals having an iron content of 0.02wt%, and the symbol 4 indicates the

results of the LT single crystal containing no additional element.
[00101] [Table 4]

Bending strength | Young's modulus Young's modulus

at break © (N/mm2) ratio
LT single crystal 30N 18008.0 1
containing no  additional
element :
LT single crystal 32N 18001.1 1
containing 0.001wi% of
iron
LT - single crystal 45N 17862.3 0.99
containing 0.005 wi% of '
iron
LT single crystal >50N 17851.6 091
containing 0.02 wt% of iron not broken

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

crystal containing 0.01 wt% of iron was not different from the deflective
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additional element. [00103] As clearly shown in Table 4, the bending
strength of the LT single crystal containing iron was higher than that of
the LT single crystal containing no additional element. Particularly, the LT
single crystal containing 0.02 wt% of iron did not break up to the
maximum load of 50 N. The elongation modulus of the LT single crystals
containing 0.005 wt% or 0.02 wt% of iron was lower than that of the LT
single crystal containing no additional element. [00104] (5) Observation of
cut plane The LT single crystal wafer containing no additional element and

streifig:H-disingle srystahwader containing 9&%1\.’&%&&@5%@%%6@@%0’{% %f iron,
#600 diamond blade having a blade width of 0.2 mmT, at cutting speeds

andof&0 nmeysesahdcioi®anedser) atttkthe Eut plaries weyetabsened ity no
dda‘ microscope. The cutting was carried out using a DISCO model
addiyRpad 9I8™¢Rk microscopic observation was carried out using KEYENCE

[ooTwsle! V'ﬁg@@é’aﬁ%ﬂjﬁ%ﬂ&‘?eﬁ“%‘%ﬂ@pﬁ Oghqt@eb%?fﬁ%r"ed P‘étrg%%ﬂ‘eoif the LT

shown in FIG. 3. | igure, the arrow indicates engut?lﬁg ection.

singlbecleftsitle ontkifking irarphatedianheef thecutiplape aidhetLsipglecrystal

crystal containing no additional element and the right side is a photograph
conpiithaguiplanediiohe ! smatatrystRlandfarleohtairing 0.02 witieds ironystal

Also, in the_left side and the right side in FIG. 3, the upper portion
conf AR O N FECied o b LSk <G o (Prag B ARG a 50 N.
: ion, o Its at tti d.of 10.0m
e oPoae ISt S F O s gy or
0.02vetagesfaird the sut osidihiobseried of theeright side)in fes @ wWasn@a2ding no

mm on average.
additional element.

1001041 (5) Observation of cut plane

The LT single crystal wafer containing no additional element and the
LT single crystal wafer containing 0.02 wt% of iron were cut with a #600
diamond blade having a blade width of 0.2 mmT, at cutting speeds of 5.0
mm/sec and 10.0 mm/sec, and the cut planes were observed with a
microscope. The cutting was carried out using a DISCO model DAD-2H/6.

‘The microscopic observation was carried out using KEYENCE model VF-
7500.

[060105] The micrograph of the.observed cut plane is shown in FIG. 3.

In the figure, the arrow indicates the cutting direction. The left side in
FIQ. 3 is a photograph of the cut plane of the LT single crystal containing
no additional element and the right side is a photograph of the cut plane of
the LT single crystal wafer containing 0.02 wt% of iron. Also, in both the -
left side and the right side in FIG. 3, .the upper portion indicates the results

at the cutting speed of 5.0 mm/sec, and the lower portion 1ndicates the
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[00106] As shown in FIG. 3, in the LT single crystal wafer containing no
additional element, chipping occurred even when it was cut at a cutting
speed of 5.0 mm/sec. At a cutting speed of 10.0 mm/sec, large chipping
was observed throughout the wafer. On the contrary, in the cut plane of
the LT single crystal wafer containing 0.02 wt% of iron, little or no

chipping was observed at any of the cutting speeds. [00107] With respect
to the cut width, when the blade width was 0.2 mm, the cut plane of the
LT single crystal wafer containing no additional element showed a cut

resiMigthof (h26 mimioR avgeage, gndihecyhpiageof theldigingle-crygialyidh
wafer containing 0.02 wt% of iron showed a cut width of 0.21 mm on
obsewadgm itheaketbrfidmed tHAGthd MFasingld Trystal owadercagtaining Qi02 cut

.. wt% of iron shows good processability in a cutting process, and can be
W}dﬁjf)%?/ﬁﬂrb’t% i%ﬂ?%@%gﬁﬂﬁ]%éﬂ oPSHERIT i thEHy GFe Bl 88Eplane

oo2blke re%%k&\i?rﬁi '?é@)’%t?'i}ﬁ"aﬁ% %t%gggeog W %ago? waz

observed. In the reduced LT single crystal warer containing wfb%n(%?mmg

no drbiitidtieloslrenehippingyag obselveddasiaihg keaunedhd SINGIR a cutting
;%Stal wafer containing 0.02 wt% of iron. As a result, it was confirmed
spethtthe - PeduBéaacT sifgle aysiasvarsabmaining 0:0TAve, dkires chipping

shows good  processability in a cutting, progess, and can be cut with
WaspPecgl’sﬁltgﬁe.}fgﬁgﬁﬁ]‘%%?%éﬁ%a‘f%%ﬁﬁctt %@J% SREL&IH0'B Hikyplane of
afers; e m r : ' ntagning iron,.was
e \Sliécegaé%r%q aé hdgf'%)lggt% h%%%?jetg %%{83%}%1 %togr@]%'}%?grsﬁi‘fag %éénq%g%eg bR

chimpririeeWos plate forabout hyminutes dheynweretaken off of the hot plate
and rapidly cooled to room temperature. After a series of processes, the
OO fber of Brekepshafdrd valcolitedéiid when the blade width was 0.2

mm, the cut plane of the LT single crystal wafer containing no additional
element showed a cut width of 0.26 mm on average, and the cut plane of -
the LT single crystal wafer containing 0.02 wt% of iron showed a cut
width of 0.21 mm on average. It was confirmed that the LT single crystal
wafer containing 0.02 wt% of iron shows good processability in a cutting
process, and can be cut with precision.

[00108] Although not shown in the figure, the cut plane of the reduced
LT single crystal water containing 0.01 wt% of iron was observed. In the
reduced LT single crystal wafer containing 0.01 wt% of iron, little or no

chipping was observed, as in the reduced LT single crystal wafer

containing 0.02 wt% of iron. As a result, it was confirmed that the

reduced LT single crystal wafer containing 0.0l wt% of iron shows good

processability in a cutting process, and can be cut with precision.

(001091 (6) Thermal impact test

lOO sheets of 0.2 mm thick wafers, stored at room temperature
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the breakage ratio was calculated. When the wafers were placed on the
hot plate, they were heated at a rate of about 90 'C/min. Breakage ratio
(%)= number of broken wafers/100 wafers x 100 [001101 As a result, the
breakage ratio of the LT single crystal wafers containing no additional
element was 17%, whereas the breakage ratio of the LT single crystals
containing 0.001 wt% of iron was 10%, the breakage ratio of the LT single
crystal wafers containing 0.002 wt% of iron was 4%, the breakage ratio of
the LT single crystal wafers containing 0.005 wt% of iron was 2%, and the

(20 bepkage catasiaitbeikdrsingle prysiaiwaiets sontaning 8Qkyd%PR00 C.
iron and the LT single crystal wafers containing 0.1 wt% of iron were 0%.
Aftgpone1w He e dedbedaiboles; electhdiinal shadR ichépacibrstics ofitheesT they

single crystal wafers containing 0.002-0.1 wt% of iron as an additional
o GeRER e Credly TRV, RO T2 A6, THE rinal ek RERRERLUre
Artbeqamedopiheseduced walersmHup Wes CRUSAPMMSINGA counted, and
-modification of the above-described method. [001131 100 sheets of each

the dbtbhelh2b mumithickik Tcaingle terystaWvafershstovetbat roomndephpesdtusa the
(20 C) and containing no additional element, the reduced LT single

hotgpatal Wgerseshianrigha atdrisnal Bt XhE (MiSingle crystal
wafer cgntaining 0.01 wt% of iron, the ;33 reduced.LT single crystal
oSt R o S O SR IEO S SRR o 100

[oSPNERININQ. QOB %4 ofiron, ware flaged Pnya thet piateiReated e300 waters

'C. Immediately after each of the wafers was placed on the hot plate, it
convas tagenoff ofl the it platearidwaymidly éoolethcioeroonhtemperhtige. ratio of

After a series of processes, the number of broken
the LT single crystals containing 0.001 wit% of iron was 10%, the
breakage ratio of the LT single crystal wafers containing 0.002 wt% of
iron was 4%, the breakage ratio of the LT single crystal wafers containing
0.005 wt% of iron was 2%, and the breakage ratios of the LT single
crystal wafers containing 0.01 wt% of iron and the LT single crystal
wafers containing 0.1 wt% of iron were 0%.

[001111 As described above, the thermal shock characteristics of the

LT single crystal wafers containing 0.002-0.1 wt% of iron as an additional
element were greatly improved.

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

[00113] 100 sheets of each of the 0.25 mm thick LT single crystal
wafers, sto_red at room temperature (20 C) and containing no additional

element, the reduced LT single crystal wafers containing no additional

element, the LT single crystal wafer containing 0.01 wt% of iron, the

33



wafers was counted, and the breakage ratio was calculated as described
above. [00114] As a result, the breakage ratio of the LT single crystal
wafers containing no additional element was 24%, and the breakage ratio
of the reduced LT single crystal wafers containing no additional element
was 17%. In contrast, the breakage ratios of the LT single crystal wafers
containing 0.01 wt% of iron, the reduced LT single crystal wafers
containing 0.01 wt% of iron, and the reduced LT single crystal wafers
containing 0.005 wt% of iron were all 0%. [00115] As described above,
rediBedhermalishock tefigtcs<0 ed bk sipgle ctys aé I
containing O.(I;gf@ W%t%g()eg? %/;ﬁlg%?o gﬁ?toag%gggan@éggiti{g%? eﬁ%lmfgég\{di eﬁr@otme
redeprehde! evie whenfibey wereisihieQaDb redictdnttegtment MERe on 2
hot br aka%e ratio thereof was low. [00116] (7) Test of effect of inhibiting
Ot RIFSEIRFE efrel@s THR VBlumETesdiinieds aftasuracs pelethialselitre was

T si ystal wafer, contajning no addjtional element and the
Pl e T S BRI B e e o potec

to robewvoluime resistivitiestand sutfacepoienidlsafdbe 020 mmp,thick b oren

’

single wafer containing no additional element, the reduced LT ‘single
wafgristaiapateresathiring ribaduitehabserntint, thesl Taingleedystal @d4cribed
ab cgntaining 0,01 wt% of iron, the reduced LT single crystal wafer

containing 0.01 wt% of iron, and the reduced LT single crystal wafer

ining 0. ' re measured..[0011.8).The volume
o O?eqsr%s?ﬁvitygvé)agqr%eggs?ﬁrggguos%l%lgr%%%%I %% ﬁ)/l-gigge(lrfﬁ%na%%% SRy gpeters
conDRKdhAlso, dkielsinfade feotential was measurathbyn plagingeach Wafgr On the

a plate maintained at 85 'C and measuring the _
reduced LT single crystal wafers containing no additional element was 17%.
in contrast, the breakage ratios of the LT single crystal wafers containing
0.01 wt% of iron, the reduced LT single crystal wafers containing 0.01

wt% of iron, and the reduced LT single crystal wafers containing 0.005

wi% of iron were all 0%,

[00115] As described above, the thermal shock characteristics of th.e

reduced LT single crystal walers containing 0.01 wt% or 0.005 wt% of
iron as an additional element did not change, even when they were
subjected to reduction treatment, and the breakage ratio thereof was low.
[00116]1 (7) Test of effect of inhibiting pyroelectric effects |

The volume resistivities and surface potentials of the reduced LT

single crystal wafer containing no additional element and the reduced LT

single crystal wafer containing iron were measured.

1001171  The volume resistivities and surface potentials of the 0.25 mm

thick LT single wafer containing no additional element, the reduced LT

single crystal wafer containing no additional element, the LT single crystal
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change in the surface potential from room temperature (20 'C) to 85 'C,
and the peak was expressed as the surface potential value. [001.19]
Volume resistivity, surface potential and wafer color are shown in Table 5
below. [00120] [Table 51 LT single reduced LT LT single reduced LT
reduced LT crystal single crystal single single wafer crystal waf_er_ crystal
crystal containing wafer containing wafer wafer additional containing 0.01
wt% of containing containing element no additional iron 0.005 wt% 0.01
wt% of element of iron iron Color White Gray Yellow Dark yellow Dark
con \oume g 45 243E 1t JURHLSd COF IRAE oy wwater
t)rﬂsgi?{%/ity (G n?)‘ﬁSurfag)e 4%%%2%6255%%1%0%010 p(])éf}en 1al (k\gy[%ghﬁ '
contagghwh it Tatké 5ebiventherldr timglesctystad Weter soamtainingR0 1 wafer
wt% of ira %]s an ddgi,onal element had low volume resistivity and low

contgipige 4t Gorfthared HeRede%tiHeadr single crystal wafer
RaFer A S o A R VT

crystal wafers containing 0.005 wt 0
(manesistivity arislIoNCour k& 37peiential corTRated dpdhose ffAbeeducedy by

LT single crystal wafer containing no additional element. Thus, it was
placgpseprcd thatias retudedlate maintained at 85 C and measuring the
change in the surface potential from room temperature (20 T) to 85 T,

and the peak was expressed as the surface potential value.

[00119]  Volume resistivity, surface potential and wafer color are shown
in Table 5 below.
[001201 [Table 5]

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

containing wafer containing wafer waler

additional containing 0.01 wit% of containing containing

element no additional iron 0.005 wt% 0.01 witt of
element of iron iron

Color White Gray Yellow Dark yellow | Dark vellow

Volume E+14~15 213E+11 4,508+ 13 7.60E+ 10 8.2E+ 10
resistivity
(Q-con)
Surface -4.5 ~{3.25 -3.5 -0.10 -0.10
potential (kv)

001211 As shown ifl Table 5 above, the LT single crystal wafer
containing 0.0l.wt% of iron as an additional element had low volume
resistivity and low surface potential compared to those of the LT single
crystal wafer containing no additional element. |

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

wt% or 0.01 wt% of iron had low volume resistivity and low surface
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LT single crystal wafers containing 0.005 wt% or 0.01 wt% of iron had the
effect of inhibiting pyroelectric effects due to reduction treatment. [00123]
In addition, the 0.25 mm thick wafer of the reduced LT single crystal
wafer containing 0.01 wt% of iron and the reduced LT single crystal wafer
of the thick wafer containing no additional element were measured for the
changes in volume resistivity and surface potential before and after
thermal treatment. In the thermal treatment, each of the wafers was
maintained on a hot plate at 300 C for 1 hour, and was then cooled to

potdAERI temReyAtuee. anditheswolumeyesistivit-and surfage, hateptial )

fe
thereof were measured. [00124] The volume resistivity was measured Wltﬁ d
conthaabove dekbtitveth Inede el DSM-8103 (manufacibres-by T QA& DKIK) reduced
Also, the surface potential was measured with a surface potential meter.

LT $Helorfids 'Rotiatiar of carkmae, Béldre Yﬁb%nartr@&iéﬁt%n@aﬁ@n had
the ENBRLIEANAM SA0lE0 9100 IefpREale oa%ﬁ%%%%fhdgbgﬁg'ﬁggﬁ]

each wafer on the plate maintaine measuring

‘[oosirdgce Hotenttfrom 2Q 'C w8k, maekihe MRakrag expiessediastheingle
surface potential value. [00125] The reduced LT single crystal wafer
Crygbhtaifing né dlditions Sléhhemtifasahdasuretnat rihe, andtie ded(Cesingle

ey L leSoR e g SOt ol o yete peemedst
e T e e e AL
befpotentid {kr thermal treatment. In the thermal treatment, each of the
wafers was maintained on a hot plate at 300 C for 1 hour, and was then
cooled to room temperature, and the volume resistivity and surface
potential thereof were measured.

[00124] The volume resistivity was measured with the above-described
model DSM-8103 (manufactured by TOA DKK). Also, the surface
potential was measured with a surface potential meter. The surface
potential of each wafer, before thermal treatment and after thermal
treatment cooled to room temperature, was measured by placing each

wafer on the plate maintained at 85 T and measuring the change in

surface potential from 20 T to 85 ‘C, and the peak was expressed as the

surface potential value.

[00125] The reduced LT single crystal wafer containing no additional

element was measured at n=1, and the reduced LT single crystal wafers

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

[00126] The measurement resulis are shown in Table 6 and FIG. 4.
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(Q cm) (Q'cm) reduced LT single 2.34E+ 11 -140 1.30E+ 12 -330 crystal
wafer containing no additional element reduced LT single 1.50E+11 -95
7.98E+11 -145 crystal wafer 1 containing 0.01 wt% of iron reduced LT
single 8.78E+ 10 -40 6.98E+ 11 -120 crystal wafer 2 containing 0.01 wt%
of iron reduced LT single 6,21E+ 10 -25 3.32E+ 11 -95 crystal wafer 3
containing 0.01 wt% of iron [00128] In FIG. 4, the symbol A indicates the -
measurement results for the reduced LT single crystal wafer containing
[Oofghaddltl ﬂﬂgg E:lnt and three kinds of circle symbols indicate

,,Nugurn s-forthe-reduced. LT clnnln Pr\lcfnl wafers r\nntgmmn

0.01 wt% of ron, pqtﬁﬁﬁﬂ(ﬁnmef @hé’%ﬂﬂi‘?}“the CIrCI@@m .
indicates values beforthaemal treaﬁrnefﬁteand the @riowesymbol Sitivee
arrow indicates valuessaftetithermalttngathignt. [00:20}Asyshowntim Talile )
6 and FIG. 4, the redudedcliT single crystal wafers c@ntaining 0.01 wt% of

rediront hadowsueiyme registivityrand low surfage potentilms:in the reducego

crykihisingle crygtadwafer containing no

containing 1o

additional element

reduced LT single 1.50E+11 -95 7.98E+ 11 -145

crystal  wafer 1

containing C.01 wi%

of iron

reduced LT single - 8,788+ 10 -40 6.98E+11 =120

crystal wafer 2

containing 0.01 wt%

of iron

reduced LT single 6.21E+ 10 -25 3.328+11 -95

crystal wafer 3

containing 0.01 wi%

of iron

[00128] In FIG. 4, the symbol & indicates the measurement results for

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

[00129] As shown in Table 6 and FIG. 4, the reduced LT single crystal
wafers containing 0.01 wt% of iron had low volume resistivity and low

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

additional element,

37



additional element. 37 [00130] In the comparison of the surface potentials
after thermal treatment, it was seen that the reduced LT single crystal
wafer containing 0.01 wt% of iron had low surface potential and showed
little variation in the surface potential after thermal treatment, compared
to the reduced LT single crystal wafer containing no additional element.
[00131] In the comparison of the volume resistivities after thermal
treatment, it was seen that the reduced LT single crystal wafer containing
0.01 wt% of iron had low volume resistivity, and that compared to the

rootesticed |17 single shiptatiwaier sontaining pp.additighah elgraentitie thermal
volume resistivity after thermal treatment was difficult to increase, that is,

treapyaawhductieiysekthéd wafthavasdnaintalnBds inwgestirgg shav tie wafertaining

0.0 ad a hi fqntis atic effect. [00132] The increase_ in volume resistivity is | .

OL STt B e VoGRS, PREGRUALAT LTS EAGIB CrLtE wadption in
. "y i i ificUlt o .

e e R AR R

sindielicates dhat fherusernhthenk Tnsingletrystal wadatdn ¢ surface acoustic
wave filters will provide a great effect. [00134] Processes of producing
[00gi#dce abbudie wavfikereiIn@idEh sevelaiprocesdet clising Eirhgbermal

e e S S e e
0.0Preghaking %&9%—5@&@&i%@ﬂﬁ&@"@@&@@@%ﬁj%ﬂﬁ%@%5&35}%8 to the

crystal or the LN single crystal, which are materials for the filters, are
redcharhcielizethin thatrthey | have digh pyreeleakicreoeffidaida andeighent, the

resistance. For this reason, :

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

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

[00133] This indicates that the use of the LT single crystal wafer in

surface acoustic wave filters will provide a great effect.

[00134] Processes of producing surface acoustic wave filters include

several processes causing changes in the temperature of piezoelectric
substrates, for exampie, the formation of an electrode thin film on the
surface of the piezoelectric substrate, and pre-baking or post-baking in
photolithography. However, the LT single crystal or the LN single

crystal, which are materials for the filters, are characterized in that they

have high pyroelectric coefficients and high resistance. For this reason,
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38 surface charges are generated due to slight changes in temperature.

Also, the electric charges, once generated, are accumulated, and the

charged state persists as long as external charge removal treatment is

not carried out. [00135] For this reason, when the LT single crystal or the

LN single crystal is used as a piezoelectric substrate in a process of

producing a surface acoustic wave filter, the generation of static electricity

in the piezoelectric substrate due to the change in temperature is

problematic. When the piezoelectric substrate is electrically charged, the
surfeischangegsfs static qleciaicifici thapiazoeldgc subsiate ogcusniBusature.

causing crack or breakage. Also, the electrode formed on the surface of
Alsop dhsieslnastiric Sibistifte 04 e ShBRIaHeditcdrdua to satidoédtrioigl the

fi | powgder, waste, dust and the like, which are )

e i Br o oh Bl A o TRE SRSb Aot i
not supskdateysurface due to static electricity, the electrode can be

short-circuited due to these patrticles, and the electrode can be opened,
[00%38R thak'itrcahiberdroken. J00L86hRecEhthinitleashesninecedsar o single

arry out the process of producing surface acoustic wave filters at high

Cf‘y%cg}L

Perifie. 03P RLGLSEHRE dSHRER the WoRinRE GeaRTIVIy Brathicing a
Surfﬁ(éu%hgtiging}g\fgyﬂﬁle\yafﬁ{eco é?lig' -0.0lovtvt%tkof.iron IS (%iffiCﬁlt to
|

increase even after thermal treatnfent at 300 "Co ur it IeqHsHY T the

piezsisgletidtystabwatercentaining e adgditionalglemapbthalis. theproblematic.
conductivity thereof is maintained, leading to a high antistatic effect.

Wherngeitiie aneirtirinas ths useafithe leduted Iy T cingleecryste wWateharge of
cont ininlg 0.01 3% ) . ' )

static electricity in the piezoelectric substrate occurs, thus causing crack

or breakage. Also, the electrode formed on the surface of the

piezoelectric substrate can be short—circuited due to- static electricity.

Moreover, fine metal powder, waste, dust and the like, which are generated

in the production process, can gravitate to the piezoelectric substrate

surface due to static electricity, the electrode can be shori-circuited due

to these particles, and the electrode can be opened, such that it can be

broken.

[00136] Recently, it has been necessary to carry out the process of

producing surface acoustic wave filters at high temperature,

[00137] As described above, the volume resistivity of the reduced LT

single crystal wafer containing 0.01 wt% of iron is difficult to Increase
even after thermal treatment at 300 €, zzniike the reduced LT single
crystal wafer containing no additional element, that is, the conductivity
thereof is maintained, leading to a high antistatic effect. Thus, it is

thought that the use of the reduced LT single crystal wafer containing 0.01
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wt% of iron in surface acoustic wave filters will provide a great effect.

[00138] While the invention has been shown and described with respect

to the preferred embodiments, it will be understood by those skilled in the

art that various changes and modifications may be made without

departing from the spirit and scope of the invention as defined in the

following claims. 40 CLAIMS 1. A lithium tantalate single crystal or a

lithium niobate single crystal, which contains at least one additional

element selected from the group consisting of iron, copper, manganese,
wtamelybdenims aghal, Miekedti 2ie.caben, MagnesiHilitaniym, fungsten,

indium, tin, rhenium, scandium, rhodium, ruthenium, palladium, silver, ‘
[OOBRAhum Vol yiteuny eveocyrhis ciddishn germadides dyésinwiasitspe ct

Stronﬁ%}l{rgf gallium, cerium and other transition elements at a ratio of from

0

to 0Bk RSTBERSS GriebsPantAgsseesbat Shese shskxd in the
racterisii r .Characteristics. 2. The lithium tantalate .
o cta)oF s b, B Ry e peing
froradtiticnat elamenidseontbined; at adatie ofs fremLA02AMIA 95 MAKEHL claims.
less than 0.01 wt%. 3. The lithium tantalate single crystal or lithium
niobate single crystal of Claim 1 or 2, wherein the additional element is
iron, and the single crystal shows yellow or orange-colored in a wafer
produced therefrom. 4. The lithium tantalate single crystal or lithium
niobate single crystal of any one of Claims 1 to 3, which is subjected to
reduction treatment. 5. The lithium tantalate single crystal or lithium
niobate single
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41 crystal of Claim 4, wherein the additional element is iron, and the
reduced single crystal shows dark yellow or dark orange in a wafer
produced therefrom. 6. A method for producing a reduced lithium
tantalate single crystal or lithium niobate single crystal, comprising the
steps of: preparing a lithium tantalate single crystal or a lithium niobate
single crystal, which contains at least one additional element selected
from the group consisting of iron, copper, manganese, molybdenum,
cobalt, nickel, zinc, carbon, magnesium, titanium, tungsten, indium, tin,
rhenium, scandium, rhodium, rutheRiuge palladium, silver, platinum, gold,
yttrium, neodymium, iridium, germanium, barium, cesium, strontium,
gallium, cedurnthndrothertdtatesitionzélementsat arratioi tfiftamO002wt%ingle
ore 10 0.1 wt% or less and has excellent stress shock characteristics

Or . ., .
CryAg tHeHhl SRBERTEhafaltatétiescand SEduBRg tHeprBpaFalESiRglefrom the

O o e SN ANETAIE S B P A GpYL micke.

substrate produce ium 18%C yS

zinchiobate singlecetystakwhigh antains @i deast RAR.additional &IEMEN candium,
selected from the group consisting of iron, copper, manganese,

rho@eiphdenbamnioobalaHiskielzimd] vearb ote iragne siota, titdniium turgstenium,
iridjndium' tin, rhenium, scandium, rhodium, ruthenium, palladium, silver,

Bt G, GBIt it Wod it itdhGn  ghm SRR o Bedfith o ther
trar[ARHV. galliym, ceripm and ?}Bg{ ‘(53@65‘8%'%@%‘6%8 ta '@tio“?ﬁ;%’%{? less,

42 0.002wt% or more to 0.1 wt% or less, and has excellent stréss sho
andchhractesistiei @nd thersal shpekieharpaleristicsstics and thermal shock

characteristics.

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

fi_’om 0.002w1t% or more to less than C.01 wt%.

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

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

therefrom.

4, The lithium tantalate single crystal or lithium niobate single

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

treatment.

5. | The lithium tantalate single crystal or lithium niobate single
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8. The surface acoustic wave filter of Claim 7, wherein the additional
element is contained at a ratio of from 0.002wt% or more to less than
0.01 wt%. 9. The surface acoustic wave filter of Claim 7 or 8, wherein the
additional element is iron, and the piezoelectric substrate shows yellow or
orange-colored. Ill 10. The surface acoustic wave filter of Claim 7 or 8,
wherein the lithium tantalate single crystal or the lithium niobate single
crystal was subjected to reduction treatment. 11. The surface acoustic
wave filter of Claim 7, wherein the additional element is iron, and the

crysPigZorlerilia subgtraleshaws datk tyallaveos gk arangs: 12n A fRetheduced
for producing a surface acoustic wave filter, comprising the steps of:

singprephyisiga plereeleduk stibdwate prodaced fromeelithium tarttdateoroduced

th F[1}'§)Ie crystal or a lithium niobate single crystal, which contains at least
“r&HPHditional element selected from the group consisting of iron, copper,

manganese, molybdenum, cobalt, nickel, zinc, carbon, magnesium,
titanium, 43 tungsten, indium, tin, rhenium, scandium, rhodium,

ruthenium, pattadihoy Sivenrpldtioing, gold: gitdad, itedayminaaliidiziningle
germanium, barium, cesium, strontium, gallium, cerium and other
CrystaheRioh eI eib At THHE o HETHRb. @@M%W%n@“r@ fBSPE W% or

Iess and .has eﬁ llent tresi%ﬁhockc aracte |cs an Egerma S

BT STEHRCE, TG i R FoR 1 T 18 QuHCBY Haoace single

orming an-
cry PISZORIBRIHC SHbstFate @5t one additional element selected from the

group consisting of iron, copper, manganese, molybdenum, cobalt, nickel,
zinc, carbon, magnesium, titanium, tungsten, indium, tin, rhenium, scandium,
rhodium, ruthenium, palladium, silver, platinum, gold, vttrium, neodymium,
iridium, germanium, barium, cesium, strontium, gallium, cerium and other
transition elements at a ratio of from 0.002wt% or more to 0.1 wt% or less
and has excellent stress shock characteristics and thermal shock

characteristics; and

reducing the prepared single crystal.

7. A surface acoustic wave filter comprising a piezoelectric

substrate produced from a lithium tantalate single crystal or a lithium
niobate single crystal, which contains at least one additional element

selected from the group consisting of iron, copper, manganese,

molybdenum, cobalt, nickel, zinc, carbon, magnesium, titanium, tungsten,

indium, tin, rhenium, scandium, rhodium, ruthenium, palladium, silver,

platinum, gold, yttrium, neodymium, iridium, germanium, barium, cesium,

strontium, gallium, cerium and other transition elements at a ratio of from
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patterning the electrode thin film by photolithography to form an electrode
having a given shape. 13. The method of Claim 12, wherein the additional
element is contained at a ratio of from 0.002wt% or more to less than
0.01 wt%. 14. The method of Claim 12 or 13, wherein the step of
preparing the piezoelectric substrate comprises a step of subjecting the
piezoelectric substrate to reduction treatment. 44 ABSTRACT The
present invention provides a lithium tantalate (LT) single crystal or a
lithium niobate (LN) single crystal, which has strong resistance to stress

0.003R9k s thermal shoeki angd 4 syrfaee acqustiowave Hiten Gomereing anock
piezoelectric substrate produced from the single crystal. The lithium

chartarntedade singlelarystahar kithiui oicbrate smgtecerystal of the invention
contains at least one additional element selected from the group
consisting of iron, copper, manganese, molybdenum, cobalt, nickel, zinc,

caébon, m nesgum tltanlum tun?sten md&ul%rtlr}?frh@péﬂw , Scap) '&[Bm the
rhodium, ruthenium, paﬁaglum silver patlnum gold, yttrium, neodymium,

ad dFidEN YSHRANINe DRTIIAYL COSIUMaStEoREi LY g2l eriprand ethey less
transition elements at a ratio of from 0.002wt[err] or more to 0.1 wt[err] or

thardss)lamti’has excellent stress shock characteristics and thermal shock
characteristics.
9. The surface acoustic wave filter of Claim 7 or 8, wherein the

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

orange—colored.

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

lithium tantalate single crystal or the lithium niobate single crystal was

subjected to reduction treatment.

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

additional element is iron, and the pilezoelectric substrate shows dark

yvellow or dark orange.

12. A method for producing a surface acoustic wave filter,

comprising the steps of:

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

manganese, molybdenum, cobalt, nickel, zinc, carbon, magnesium, fitanium,
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tungsten, indium, tin, rhenium, scandium, rhodium, ruthenium, palladium,
silver, platinum, gold, yttrium, neodymium, iridium, germanium, barium,
cesium, strontium, gallium, cerium and other fransition elements at a ratio
of from 0.002wt% or more to 0.1 wt% or less, and has excellent stress

shock characteristics and thermal shock characteristics;

forming an electrode thin film on the surface of the piezoeleciric

substrate; and

patterning the electrode thin film by photolithography to form an

electrode having a given shape.

13. The method of Claim 12, wherein the additional element 1s

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

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

piezoelectric substrate comprises a step of subjecting the pilezoelectric

substrate to reduction treatment.
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