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 z’ﬁlﬁﬁg @goxﬁgﬂﬁ Wﬂﬁfter abbreviated as
"SAW") filter, which uses surface acoustic waves, comprises fine
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substrate and is widely used in televisions, mobile phones, etc. [0003]
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film, made of aluminum or the Iﬁp&gﬁ e surface 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
1. pf&'&%‘} %ﬁéngn%esrtﬁ%}?r. Then, the electrode film is post-baked at high

{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



temperature and developed, and the photoresist is dissolved. Finally, the
electrode film is wet-etched or dry-etched, thus forming an electrode
having a given shape. [00041 Also, a lithium tantalate (LiTaO3) single
crystal (hereinafter abbreviated as an "LT single crystal") and a lithium
niobate (LINbO3) single crystal (hereinafter abbreviated as an "LN single
crystal”) are known as ferroelectric single crystals and are widely used in
piezoelectric substrates for surface acoustic wave filters (SAW filters),
superconductive sensors, various piezoelectric sensors, vibrating
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and high band frequency of mobile phones, the miniaturization or thinning
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cleavage crack of single crystals characteristically occurs, and breakages

havipecarahieughemethe substrates due to low stress shock. Also, the LT
single crystal and the LN single crystal have a characteristic in that the
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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,



increased due to the increasingly high performance and high frequency
band of mobile phones. That is, in a process of producing the SAW filters,
the number of filters produced with a sheet of piezoelectric substrate
increases, and thus either the crack of the substrate caused by thermal
processes or the crack of the substrate caused by cutting processes leads
to a great loss. [0008] Also, due to the increase in the number of filters
produced with a sheet of piezoelectric substrate, the width to which the
piezoelectric substrate is cut needs to be narrow. In this case, when the
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~ the resulting filter, and breakage will occur at the electrode portions on
quickhe filter, leading to decreased yield. When the cutting rate is reduced in

order to, preve |s phenomenon, additional time is required, leading to
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glass sheet is applied to a substrate To increase the strength thereof, or
bandtapingodilmethbdeposifitmarne carred:oule ixtheé putithg:-oipehshBgW filters,
process to prevent crack or chipping. [0011] In the above-described
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. __strength or, of carrying out taping or metal deposition jn the cutting or
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procBrAGaspStisdncreages; onpraductivity is decreased. Thisy &SRS leads

need to develop a single crystal substrate and an SAW filter comprising
to a theegalmes.in which there is few cracks, flaws or chippings in the cutting,
grin.ding and ) ) , )
{00081 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



heating stages of the process of producing the single crystal substrate,
and there is also few cracks, flaws or chippings and good productivity is
achieved in the production of the SAW filter. SUMMARY OF THE
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acoustic wave filter comprising a piezoelectric substrate produced from
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produatiditiofithefern@htselected from the group consisting of iron, copper,

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

palladium, silver. platipns goldoytrigm jReodynrigmy iridium, germanium,
barium, cesium, strontium, gallium, cerium and other transition elements
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ess, the stréss shock or ther Ock characteristics of the sing
a lithisinaigasaed Witkouwisatisiog any, chahge indhei gezoelctiiock resistance and
characteristics, thereby completing example embodiments. [0013a] Ina .
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additional element selected from the group tonsisting of iron, copper,
[0013hanganébe, prestytidemantpcobait; niokéliczint poarb ety diegmesiapsated trials

and e}j}g&i %nsg) \rf] St{'ﬁg p}p&%pn and, as a result, have found that, when at least one
additional element selected from the group consisting of iron, copper. manganese,
molybdenum, cobalt, nickel, zinc, carbon, magnesium, titanium, tungsten, indium,
tin, rhenium, scandium, rhodium, ruthenium, palladium, silver, platinum, gold,
yttrium, 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



tin, rhenium, scandium, rhodium, ruthenium, palladium, silver, platinum,
gold, yttrium, neodymium, iridium, germanium, barium, cesium, strontium,
0.1 wialkiariescehastrans dthek tratisitionledbodnthataataimios vdthOsd0Pwsty stal

- to 0.1 Wt% or less, and h llent stress.shock characteristi
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compRiHBiLRRIPRAE; BRI ehystal> The lithium tantalate (LT) single crystal or
lithium niobate single crystal in example embodiments is characterized in
[0013mat it cdmtairfarst feasconé Bedinbpaliwlethent seletesdlrdm tHAagIBgntalate

singiecocnSISSttaTgo?f & feriRBPS b ?q%ﬂle Ae: J%Ogly&}qe&ﬂ% copalt; RICkEl. ZING: one
carbon, magnesium, titanium, tungsten, indiuni, tin, rhenium, scandium,

additichedivtenieihepivnicpattadiuime silverh platisiytngolfl irytiricopper, manganese,
neodymium, iridium, germanium, barium, cesium, strontium,ﬁ{allium,

molyledsiiase theiklitoR eI SHBAR DA BT oA S5 Y dhslium,
tin, JRAWGRdRER 2R RsAXoRiRRL siresHaNaek shararieristias@idn, gold,

thermal shock characteristics. [0015] Also, the additional element is
yttrinpreferalyncontainediatma. ratipoffrom, 0lBORw% orsmone teilestthan galium,
. Wt%. [0016] As described later, the LT or LN singl stal contains.a
ceriugh g8 G G R e A OT LN VA S (et aRB D O-1 wi%e
or l@Raragigrisics ardcthermalsReckgbaraciarsiiasasadopsavedhanshal shock
crack, flaw or chipping in the processing thereof is inhibited, leading to an
charag{gredss in productivity. [0017] The LT or LN single crystal containing iron

o e St an vt e ey
crystalisiihion stowateiitd insanghfer intavocH thevadditidrat elementiystal n
examg?é %?Qﬁ%gggéﬁlg Oiéscharacterized in that it contains at least one additional
element selected from the group consisting of iron, copper. manganese,
molybdenum, cobalt, nickel, zinc, carbon, magnesium, titanium, tungsten, indium,
tin, rhenium, scandium, rhodium, ruthenium, palladium, silver, platinum, gold.
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,
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the yellow or orange color of the LT or LN single crystal is uniform
throughout the wafer, suggesting that the additional element iron is
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uced LT or LN single crystal consists of a single
wafehaving an inhibited pyroelectric effect. [0019] Also, the reduced LT or LN
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or dark orange in a wafer produced theréfrom and is easily distinguished
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LN single crystal is uniform throughout the wafer, suggesting_that the
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the invention, there is provided a method for producing a reduced lithium
and iggasiheiHg et iomAum InSbhte Shgle erystal; WoiRpriasg BRt contain

the 2880881 Brepanngasithiimdantalate singld iy stalicackiforer hiobadaced LT
single crystal, which contains at least one additional element selected | . .
or LN, GHISHfeBroi EoRRIGARY SFiRITEEaY, Wikibattises HeR Bifbrighn additional
elemegbalt, wickalnzinglispRiken, Magiresiutar tiadiutmtuhgstesudtiiinrdinment is
.. rhenium, can%i‘um, rhodium, ruthenium, palladium, silver, platinum, gold,
umf(%“rﬁirﬂ?#éﬁ‘aﬁ ium. iridium, germanium, barium, cesium, strontium,
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or.more to, O.lwt% or less and had excellent stress,shock characteristics
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the group consisting of iron, copper, manganese, molybdenum, cobalt, nickel, zinc,
carbon, magnesium, titanium, tungsten, indium, tin. rhenium, scandium, rhodium,
ruthenium, palladium, silver, platinum, gold, yttrium, neodymium. iridium,
germanium, barium, cesium, strontium, gallium, cerium and other transition
elements at a ratio of from 0.002wt% or more to 0.1wt% 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



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

0.0028kd6ast anaaddiionalelemnentselagtads firarthagrouRconsistivgaehderstics
copper, manganese, molybdenum, cobalt, nickel, zinc, carbon,
and therpredionk FRSAGSIRIHGsten, indium, tin, rhenium, scandium, rhodium,

[0022]utheniumy, patiadiumsiyel)daiaum. Galdngrismy ReeLymiBR siHdl i Hucing
germanium, barium, cesium, strontium, gallium, cerium and other
step, gemgiien: abipemdditianatisleresnis tloonvs-sperbigdagipwang dhus the

stress @380 Nas.exselient stessixhack charactelisticseand bermalshosked, and

characteristics. [0022] The LT or LN single crystal, obtained in the single
crackcfjatalqrobipgimg stehccpriassiagibercatiditionabsamégadimghéo an increase
in pro%%% 14a=1?9ecified ratio, and thus the stress shock characteristics and

thermalshock characteristics are improved, and crack, flaw or chipping in

[0023the procéssidepthdredfiis itittibfadipbdinoeioan iherdafeoproductildtycrystal
0023] As described in the Examples.below, the LT or LN, single crystal . o
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crystaingidngrystaliisuag pvrdeidoited pifteelectric effect. [0024] A piezoelectric
substrate produced from the LT or LN single crystal can be d notonly
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can HRULAIP HdVaHopS sURsUateswhichunesaite brthinnedondminiatutizee. filters
Examples of the substrates may include substrates for pyroelectric
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miniatR¥RCCERCAHSIIG Waverliterp it adbind Asnaehidhainyentionidheserifiectric

provided a surface acoustic wave filter
sensors, various piezoelectric sensors and vibrating actuators.
[6025] <Surface acoustic wave filter>

In a third aspect of the invention, there is provided a surface acoustic wave flter
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



comprising a piezoelectric substrate produced from a lithium tantalate
single crystal or a lithium niobate single crystal, which contains at least

elem@Nie additional glerpanbseiected, frRrmihe @aup 6avsistingsefiRNmEoRREE! lent
manganese, molybdenum, cobalt, nickel, zinc, carbon, magnesium,

stresstighaiinthanagstentipsdinm thirntabalgel sbaraitaristsedium, ruthenium,

alladium,.silver, plati ld., yttrium,.neodymium,. iridium, germaniu )
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contadi&dratio ekisam 03w wrmoretord.twike drdess)andbas excellent
stress shock characteristics and thermal shock characteristics. The
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tantalate single crystal or a lithium niohate single crystal, which comprise
is cadtyedistiogaisdeliticnah elerant;selastbat fronstbetpeup tohsibtirgmftiamtains

er, manganese, maqlybd , cobalt, nickel, zinc, carbon, :
the o R R e LG O B e, BedvGrameri st
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~_germanium, barium, cesium, strontium, gallium, cerium and other
uniforasidowreiémetis sulzsEie of from 0.002wt% or more to 0.1 wt% or

ess and has exgellent  str oc cteristics .thermal sho .
[002 C aractef?jﬁ(c)‘s. %%28]‘65(53%61;% t tggadgdillt%r?agl?%le}%%{ht ?rzla Etxig}“egEslin(ggﬁe acrgjsftga c}glecmc
substpsieferablucantéined aiea rediocetifrithi0:00 2w ne nsargito tesstthan:0@hium
wt%. [0027] The piezoelectric substrate produced from the LT or LN single

niobgiRy SR lESHARRhg e T SRS SUBHAGHEA B HEMEHBWSTRABW b Prezoclectric
subsP5R0GESRIOIRdnANd RS Is SRl distipguished from a white piezoelectric

substrate which does not’contains the additional element. Also, the yellow
[0029F orangetslor ibf:the piezbelentricuduitstrate astamifopmitoroughdbit thigditional

elemEHP Ss%%tvev’ssggrq? s}?&qg)@a%%h%aarﬂdigipa%%eeIgﬂ %i%)ansi._ v distinguished from a
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



uniformly dispersed in the substrate. [00281 Also, the piezoelectric

substrate may consist of a piezoelectric substrate produced from the
inventedusalithimm tantataté sifigle oty siialpgrifithidorindobiatepstnglesnrystakreof is
.. ...The reduced piezoelectric substrate consists of a. piezoelectric s b?tra&e
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dark orange and is easily distinguished from a piezoelectric substrate
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piezoelectric substrate is uniform throughout the substrate, suggesting
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cutting process IS increased, leading to “an increase'in productivity. AlSo,
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. _,.._occurrence, of failures caused.by shock or thermal shock is reduced.
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ytriv@spestphibeinvantiangthereisprovided. afmritodfon Piaduemg. cerium and
surface acoustic wave filter, comprising the steps of: preparin
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excelRdithivarNiohate single-esial whichieantaingatileashapeAddiiondtming an
element selected from the ?roup consisting of iron, copper, manganese,

clectroqgHadHONP CHB AN kel BBl cZarbeit i magrEiGni iR rE s eRcrode
thin ﬁﬁﬂ%ﬁ”ﬁ&%%ﬁ@%hﬁ&ﬁ&%& thadiym wthenivm, paliagium, silver,

A method of producing the surface acoustic wave filter in example
embodiments comprises a piezoclectric substrate-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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yttrium, neodymium, iridium, germanium, barium, cesium, strontium,
gallium, cerium and other transition elements at a ratio of from 0.002wt%
the re@UEMI {0 Ont WG R leSSANE N3t | EXCEYRRTB RS SROGK SRAERIBIISHES be
and thermal shock characteéristics; forming an electrode thin film on the
used. surface of the piezoelectric substrate; and patterning the electrode thin
film by tolit%C raphy to form an,electrode havi given,shape, A .
10033} 1ot o PR8I THELE e LB WAL fitar s Sy is used.
crackembedispentppanplises epirzesiectiie sida atatirepassigssiap ehd thermal
preparing a_piezoelectric substrate, produced from LT single crystal or LN

procesiige &%téﬁﬂﬁi&@f&ht% ekl gie @iRIifBRaP ISR EdelsddE (o an
increigg%g*}%ggegawgw ) Of 00 s SOPRRIY MARIARE %].{HV?E!EQH% can be

cobalt, ‘nickel, ziné, carbon; magnesium, titanitim, tungsten, indium, Tin,
rapid hesidorpsoardidnthasodiars autheniuwe pafiddiunansiiverfiplattiyprablded.
lO(B%ttrium, neodymjum, iridium, germanium, barium, cesium, strontium

allium, Gefm Bfd ftioR- DRSSP o BFfroM 065WBkEse 2
reducPh NP LR |§§§?ﬁ%@%ﬁl@e&{ﬁﬁtﬁwsﬁﬁhﬁ%@f@é%@t@lﬁiétiﬁ&ﬁum
eristl

and thermal shock characteristics; an electrode thin film-forming step of
tantalfgmfimg ncalettlodel infinniobare soghceottak Méwselbetqeducing step is

. substrate; an electrode-forming- ste d_subjecti t?? I e thin
cart g ATt o L e R e L0 i car
be pr&gedtically, in the method of producing the surface acoustic wave filter,

the piezoelectric substrate produced from the inventive lithium tantalate

single crystal or lithium niobate single crystal is used, and an electrode is

formed on t@m@m@@ﬁpw%ﬁﬁsﬁﬁwmpiezoelectric

substrate produced from 9 the reduced lithium tantalite single crystal or

[0035thium nibbatebsinglencrystairmbjebes asédef0083] WHenrspiezoetatio will
beco%%bgggetx?errﬁa r%r(r)xf %Qg %ﬂ%ﬁ%%@’%%é%ﬁ%%% 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;



crack, flaw or chipping in all processes, including cutting, polishing and
thermal processing, can be inhibited, and the failure rate can be reduced,
leading to an increase in productivity. Also, processes, including cutting
and polishing, can be rapidly performed, and the surface acoustic wave
filter can be efficiently produced. [0034] Also, the piezoelectric
substrate-preparing step may comprise a reducing step of reducing the
piezoelectric substrate produced from the lithium tantalate single crystal
or lithium niobate single crystal. When the reducing step is carried out, a

Swﬁ@?%%oasmmé%' fernaving.an nhibited pyroglectri effect can beial
produced. BRIEF DESCRIPTION 6F THE DRAWINGS [0035] The above

wafecanthotingr ahjectsandifeaitres Ofihevwpré@sent inweniidh wilk leecopreal wafer

apparent from the following description of a preferred embodiment, given
contHEBHj MR NIET B elRiBsMpaifing drawings, in which: FIG. | is a

perspective view showing an. example of a surface acoustic. wave _filter
iy 15 ot SonBe ety T A R S oL Fptume

resigipgramashowing theccomnparisen obdeflective atrength agranging t@ thement
difference in thickness between an LT single crystal wafer having an iron

betvoeriters of @BZadoolahd am¢lE sitgle ey swhivafec haténging additivdditional
elementallo FIG. 3 is a micrograph showing the cut plane of an LT single

elemend AN W ek HAVATS an Iron CORSHY S 07 Wik BAJIARS 127 Sifghe Topdent of

O'Oim@{%.containing no additional element; and FIG. 4 is a graphic diagram
showing the comparison of volume resistivity and surface potential before
and after thermal treatment between a reduced LT single crystal wafer
containing no additional

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, -

11



element and a reduced LT single crystal wafer having an iron content of
0.01 wt%. DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS [0036] Various embodiments of the present invention
will now be described in detail with reference to the accompanying
drawings. (0037] The present invention is not limited by the following
embodiments. Those skilled in the art will appreciate that various
modifications, additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed in the

ng clai [0038) hJ tan Iate ingle crystal and. lithi
Stmﬁi% afe SI e c%%st mf%ég Il?hlEz apaﬁ ?Lﬁ srﬁ\g g%rﬁt%llgrtﬁhloummm

0.00@I@b%edLthﬁiegt% crystahefgherdresent invention coptainsmat ke@skanghock
additional element selected from the group consisting of iron, copper,

chargeisgisiese andolyisdermin hesbatthaickesk Zigidcsarbon, magnesium,

nium, indiym, rhenium, s andlum rhodium, ruthenium,
o0y AR it SR SHLATRY moBafar TR, BBl Rore
sele@%@rﬂr&%sgfﬁbné%l%gpné@g%ega%ﬂ‘ﬁg%?{é@@ andiOheL TaRSIaR 1t nickel,

elements at a ratio of from 02wt% or more to 0.1 wt% or iéss, and has

zincexceltent, stnegsishnok, thiarscteristics:anehthardiahshtiek eharaatarisies:dium,
0039] The additional element may be any one, or two or more selected

rhodiyim afbRgIFBAL copbes wangHiese, H%%maén@ﬂkbob@uriwmkéleqmmum
.carbon, ma nesmrg titanium, tungste ium, tin, enlum scandiu
1r1d11Hn ermi %‘f fb[

dicm, ru emUm S A tirRS Bifber AL g8 Wu&eﬂélgaﬁﬁr%,ﬁmel’

transition elements.

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

[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



iridium, germanium, barium, cesium, strontium, gallium, cerium and other
transition elements. [0040] The content of the additional element is the
weight of the additional element based on the total weight of the inventive
lithium tantalate single crystal or lithium niobate taken as 100 wt%. [0041]
When the additional element is contained at the above- specified ratio, the
single crystal has improved shock characteristics and thermal
characteristics. In order to obtain a single crystal having a more uniform
single crystal, it is preferable to add the additional element at a ratio of

limidf@m 0.QQ2wtya.Qr more to. Q1 Wik ar Jess, Mate Qﬁg‘&fﬁw?%gﬁdé%@fg%%ing

of the additional element is from 0.002Wt% or more to less t

the (DM2r<Meihodibijerodagingifeciloedisingle elystalyznvethoe afbtained by
. producing the reduced lithium tantalate single crystal or lithium niobate
MIXIGE Byt B O tHaVSre SERTINVERE6R Boriprisedn stepbf prejstimgnhgture,

ingle crystal and a.reducing step of reducing the single_crystal. [0043]
e Y B SR b i CJLET L Horaeancany o3 Iintes, i nd

alloReprepared-aceprding 19 any,known methods, including the Czochralski
method. Specifically, the single crystal can be obtained by mixing and

[00B4Ring gives raluanatenalsita-taint o pawhmatesakimixtusén gieeltingsthé is not
raw material mixture, immersing a seed crystal in the melt and allowing

SPegrdcadli Etarto BRodP DA AlsdSth SIBEWTRSILBIRS R prelpRisie the
pyr(%,?"gb%ﬁg %@%&F‘%SP el aILIXellngHg dwg?elro r}%gsblé i?e%ﬁ%%%igsg fﬁ?{%gﬂcing
the additional element—containing lithium tantalate single crystal or lithium
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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pyroelectric effect. For example, the wafer can be reduced by introducing
the additional element-containing lithium tantalate single crystal or lithium
niobate single crystal and an alkaline metal compound-containing
reducing agent in a treatment apparatus and maintaining the inside of the
treatment apparatus at a temperature of 200-1000 C in a vacuum. [0045]
<Surface acoustic wave filter > The surface acoustic wave filter of the
present invention comprises a piezoelectric substrate produced from a
lithium tantalate single crystal or a lithium niobate single crystal, which
[ 00 &ntaind atdgashenecadditionalorlenfenhselectdd from thaigriupwave  filter
consisting of iron, c%pper, manganese, molybdenum, cobalt, nickel, zinc,
aCCOEEBBNLIN P nE SIS HIAANIND tURGStRARE SPtu MR VG LFRBNIUHY, Searitfignyibed.
FIG. .”fofjsl ugn reLf'tsh eentlll’f‘!mf p@!!gv%lusrﬂb%%er’ a?xlaetmgrrrrl]f)?gmLfn%hgeggyfglcuemé ustic
irndium, erm%mum, arium, cesmrﬂ% S ronﬁum, gall(‘i)um, Cefitim &nd Other

waviransiionelemants at aradie afframneQ02va% af fuareto BrE Wi% Pl irface
less, and has excellent stress shock characteristics and thermal shock

acousharactoristidse fOD48] Rizrainafter,abe burfacd andustithiyade filter
according to one embodiment of the present invention_ will be described.

1004300471 irsE R oM strUEHBH BF the StFfHEE akbSHEWADE fifst the shape
of a2fgerding g ensmueriment Otihe Risssolention i be deagtliethe reor.

. 1 1S a perspective view showing an example of thé"surface acoustic

Thevae files pcarding e thigemBodimept(As: shavimin MGhd. §pulfaset the
acoustic wave filter 1 comprises a case body 2 and a chip 3. [00481 The
uppeasaeds -2 is made of ceramic material and has the shape of a

rectan r parallelepiped box opened at the upper surface thereof.
(00497 guJIahep c%fp gpis receiged in the c%pse 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

14



The case body 2 is closed with a cover (not shown) at the opening of the
upper surface. [00491 The chip 3 is received in the case body 2. The chip
3 comprises a piezoelectric substrate 31, input electrodes 32a and 32b
and output electrodes 33a and 33b. The piezoelectric substrate 31 has a
flat shape. The piezoelectric substrate 31 is made of a lithium tantalate
single crystal containing iron at a ratio of 0.10 wt%. [0050] The input
electrodes 32a and 32b are made of aluminum and are comb-shaped.
The input electrodes 32a and 32b are disposed on the surface of the
cactPizaelectriGgubstiate 34, pppesitseachpiberdn fhe shorsJengih. disposed
direction, such that the teeth thereof engage with each other. The mpuP

opp@&iteiraties 3zannd a2 @te elEdrcaliylcaedied ithlan doputiderminad tion.
21, embedded in the case body 2, through conduc_:tin% wires 320a and
The3zou6p 10513 ¢ ikeise e autpubeiachbeles soaripRi 331 araasdad ofvith an

aluminum and comb-s d. The output ebect odes 33a and 33b aje ..
outr T g O o, st SO o iR Sotine

wirdtherin, thegsharidength direction, such that the teeth thereof engage with
14 each other. Also, the output electrodes 33a and 33b are disposed
[005@0site THesinmatrateotroole s 32 & @rid G2k oot le ngthvweisBl tire ctiarmrding to
The output electrodes 33a and 33b are electrically connected with an

the it SRS B2 "ebddaéte i thecshse Tbid}y 2/ FeEghigonRRERSY to the
mpqﬁ“%%e%@g and §§%bea[9cp5§%bﬂ}? OIB?%%}&O%B?&%QG Fe“r@fnac%'f!“é’t‘sté r%"l?é the

ter according to embodimént will how escribed. irst, voltag
condPpliBthtathes 320a and 320b. Then, reverse distortion between the

input electrodes 32a and 32 b occurs due to the piezoelectric effect, and a

surface acoustic wave is excited. This surface acoustic wave 1s

transferred to the surface of the piezoelectric substrate 31. On the
surface of the piezoelectric substrate 31, distortion occurs due to the

‘transferred surface acoustic wave. Due to the distortion, electric charges

are produced. The produced charges are outputted as electrical signals
from the output electrodes 33a and 33b through the conducting wires 330a
and 330b and the output terminal 22.

[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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input electrodes 32a and 32b from the input terminal 21 through the
conducting wires 320a and 320b. Then, reverse distortion between the
input electrodes 32a and 32 b occurs due to the piezoelectric effect, and a
surface acoustic wave is excited. This surface acoustic wave is
transferred to the surface of the piezoelectric substrate 31. On the

surface of the piezoelectric substrate 31, distortion occurs due to the
transferred surface acoustic wave. Due to the distortion, electric charges
are produced. The produced charges are outputted as electrical signals

: he.gut d 33b ugh the ing.wir .
e R e o AIB T S e o

elecémbidedimedt;libecpigzoetdeiric sdbstiateds produded fsomdhedithivm may be
tantalate single crystal cpntainin(l; iron as the additional element.
a MARkedst tngsadditeanBiement notiated & ivpldandhay Be the above

selected from amaong, the above-noted elements as appropriate. . Also, the
ey B LG IR ATAH R Hte ing e ver,

the estabeaptaining,a gienarditionalelementyferiha iahibition of, the oqin.

pyroelectric effect, the piezoelectric substrate may also be produced from
[00a4 1T or LNsihglé cfystakcontainingfa given additionalvelefitent 15

su%iected to reduction treatment. Also, the material of the input

ele

fBaEEARAthE ORI oS IS WA RRitaaEAIGnTTRINE, Biltatap! the
oreBEsf O ShRh Sy oo, comeet st Aep ety
eledhaase hody mmnbesiarmed obpther insylating MalsHialdsUehasiFSin step.
[0054] <Method of producing surface acoustic wave filter > The method of
Hensrioddising thelsufdbe atoustizilidve filteroflihd.
[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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present invention comprises a piezoelectric substrate-preparing step, an

electrode thin film-forming step and an electrode-forming step.

Hereinafter, each of the steps will be described. [0055] (1) Piezoelectric

substrate-preparing step This step is a step of preparing a piezoelectric

substrate produced from a lithium tantalate single crystal or a lithium

niobate single crystal, which contains at least one additional element

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

molybdenum, cobalt, nickel, zinc, carbon, magnesium titanium, tungsten,
crydnaitings tinssaenine, seandiimn Ehodimonihenivme Rl AV SISl from

platinum, gold, yttrium, neodymium, iridium, germanium, barium, cesium,
0.0Gstrsffurar gallium, teriln awd%ther transitionVelementsfatralsatio of fronirom
0 OO%]%O t% or more to 0.1 wt% or less_and has excellent stress shock

Fet&tsteS End thel®sal dR8Ek CRarattbHisticst [U0S6EFRBIRIHRIe, &f the
j b iNg any. e, nyentjve lithium taptalate single
pur MBI OB S A p0g f s YRS WO ARG o
confmlishing fheth sidesiofikle aukenysial, may beypreparedas the,  Also,
piezoelectric substrate. Also, even if any of the single 16 crystals is used,
PrelFRAFRNeNG e fdifional efermehis prefeablyrfrotm00Znbe qripmrelta tric
subotl \{vt% or Igss. Moreéjreferably, it is from 0.002wt% or more to less than
-0 Wid FOF tha'HRBIfSh of the pyroelectric effect, a reducing step of

[og@ﬂpcing@Qgﬂ;fgg{rbgesm}pﬂ%g%rﬁq&t?ig%the additional element

may be carried out. Also, In pretreatment processes, cleaning or surface
tredtmentobthe piezasletticslhstiate waybacaHigdiot-on the surface of

in

the piezoelectric substrate. The material of the electrode thin film may be
a metal, such as aluminum, an aluminum alloy, copper or gold. The metal
that 1s 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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[0057] (2) Electrode thin film-forming step This step is a step of forming an
electrode thin film on the surface of the piezoelectric substrate. The
material of the electrode thin film may be a metal, such as aluminum, an
aluminum alloy, copper or gold. The metal that is used as the metal of the
electrode thin film is applied on the surface of the piezoelectric substrate
to form the electrode thin film. The film can be formed using any known
method, such as sputtering, vacuum deposition or chemical vapor
deposition (CVD). [0058] (3) Electrode-forming step This step is a step of
the padteining-the:etecitode hiry fikncedneatheon thesudase efith8rode having a
_ piezoelectric substrate, using photolithography, to form an electrode
BIveRa¥Pa- given shape. This photolithography can be carried outin a

nventignal order,. For example, organic resip as a, photoresist.is .applied
LRGN Svfoge v it i G et s
the §hOMARERIC-sTheAcdhe filmyisexposed g 'Q@Qﬁfg%‘aﬁdﬂ}%@i‘@é& in the
having a pattern (such as a metal electrode) formed thereon.
cassSubseguertthe théfiltnoideposthake deatritRa: G:dT venhthe dilveis terminal, and
developed, and the exposed re%ion_ of the photoresist is removed. Finally,

the £23RdHH ROEREEhI6F BRPEHHBE, heTSIARRF AHBISCHEYE Rty a

OO%W n sh arhq ]Alsp, in the present invention, aft_er the_electrode is
[ forriled, ?ﬁg pi z%%lectrlc substrate may be cut to a given size and

req@ivedlinthehsagsothenthedeissode may hr GoNABEIehWIth R QIVEPy s tal
terminal, and the case may be closed, thus producing a surface acoustic
of Wawe filttesej00B0VERGMPlewas prepared in various ways.  Various
measurements were performed on the prepared lithium tantalate single.

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

[0061] An LT single crystal containing 0-1.20 wt% of iron‘ as an
additional element was prepared using the Czochralski method. For this
purpose, iron oxide (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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Based on the above embodiment, the lithium tantalate single crystal of
the present invention was prepared in various ways. Various
measurements were performed on the prepared lithium tantalate single
crystal, and the shock characteristics and thermal shock characteristics of
the single crystal were evaluated. Hereinafter, the preparation, various
measurements and evaluation of the lithium tantalate single crystal will be
described. Also, the lithium tantalate single crystal will be abbreviated as
an LT single crystal. [0061] An LT single crystal containing 0-1.20 wt% of

matdion] agianuasddiienal Sement wasArePREebYsingdhe C2eerdskio rpm at o

___method. For this purpose, iron oxide (Fe203) as an iron source, lithium
liftingatisdnaté (LiIZOOBY, ks lithitrinsonreesiagdeadantatirhoxide Td200kas of

b aﬁ?&;[alum S0 rcg, W%Eg mixed inéarescribed amount with each other, and

oY R STAE paREH ! BB ESEr B hours to form a raw material

roog¥xyture. Alse, the, lithium .carbonat t lum. pentoxide had .
purity of 99.99%. %}én, tﬁe raw mgztgr%g’l rgﬁ;%%%%ﬁa% bl ré% itk a%lfugfﬁléuum

wasmadd afsriiuad dittbwab claetiedtby higle fraeuencysindustion, beating, Jikg an-
Mmelting temperature was 1700 C. A seed crystal cut in a given direction

addijjqaahnsieseanh thenent1®@mdledl middare afthgrosingihilecbeirigls were

revolved at.a speed of 10 rpm at a lifting rate of 5 mm/hr, thus obtaining a

pre e Rl A 1 ABolBo PR BioHgHR ! A0BuE, the
addmBhdPQa2LAlse, coprar Gehalt, pickel manganese, x;fé{f%n A titanium

1 ernent w
was used as an additional element to prepare LT single crysntas aving an as

useddditdmadt elénrent gaintent of 0.10 wt%. The single crystals were

pre]pared in the same manner as in the method of using iron as the
[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 crystal wafer”.

[0064] Also, the wafers had thicknesses of 350 mm, 300 um., 250 m,

200 tm, 180 um-and 150 m, and the final polishing process was carried out

using a mechanochemical polish method by colloidal silica.

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

state. The wafer produced from the LT single crystal showed yellow or
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additional element, except that an oxide of each additional element was
used in place of iron oxide. [0063] A crystal block having a thickness of 1
mm was cut at positions 5 mm and 60 mm from the upper end of each of
the obtained crystals, respectively. As used herein, the term "upper end
of a single crystal" means the end of the seed crystal in the axial direction
in the single crystal, that is, the end that was lifted first. Then, one side of
the cut crystal block was polished to produce wafers. Specifically, two
kinds of wafers for each of the prepared LT single crystals, which had

orargjfferesibeuttingn pasitionseal henpperprition andihenlaweroIEoR, Wereron
produced. Also, the wafer having a cutting position at the upper portion

cotilgRk designated "upper crystal wafer", and the wafer having a cutting
ition at the lower portion was, designated "lower crystal wafer". [0064]
OO e ater A St thEkRHLS60 of 250 i 3B A 380 . 008 Fgyihy st
havikB0iA6h ARAARAM g e figabpolishing process W@?{)@%”i%f’%’&“ 4398t
e

mechanochemical polish method by colloidal silica. [0065] T

and itbidonitdinimes bTivglbycrystal sdoyeltbred imthehmass fstater baevwafer om
the iTr]oduced from the LT single crystal showed yellow or 19 orange-colored,

& iFmﬁ%%d%a’aﬁ#@leicBﬁ)‘f@aﬁwﬁ%nqﬁeF@aéé_iﬁfth@. o vedhtent (006671 % -
L L o010k, STt 00k WAL 61 e gz gt the
waféespestiveba showasyallovsiandtheywalersproduced fom qtheib1.510ge, e

crystals having iron contents of 0.10 wt%. 0.50 wt%. 1.00 wt% and 1.20

show®a, wéspactively, showed orange-colored. Also, the
[0067] The yellow or orange color of the wafers was uniform
th_roughout the wafers, suggesting that the additional element iron was
uniformly dispersed in the wafers.
[0068] Also, wafers were produced from the iron-containing LT single
crystals subjected to reduction treatment. Herein, the reduction treatment
was carried out using an antistatic treatment apparatus comprising a
treatment container, a heater and a vacuum pump. In the antistatic
treatment apparatus, a pipe was connected to one side of the treatment

container, and the vacuum pump was connected to the pipe. Through the

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

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

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

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

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

received in a Schale made of quartz glass, separately from the wafers.
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wafer produced from the LT single crystal containing no additional
element showed white. [00677 The yellow or orange color of the wafers
was uniform throughout the wafers, suggesting that the additional
element iron was uniformly dispersed in the wafers. [0068] Also, wafers
were produced from the iron-containing LT single crystals subjected to
reduction treatment. Herein, the reduction treatment was carried out
using an antistatic treatment apparatus comprising a treatment container,
a heater and a vacuum pump. In the antistatic treatment apparatus, a
The pipewais sotinecteckio endisiderafdhp Heatpertdeeniainahand 1w o
vacuum pump was connected to the pipe. Through the connected pipe,
10038} was Ventde fish thatrshsmest dopitaimeth f3089F i thentrtadnmhtsides of

ontainer, each wafer was received, along with lithium chloride powder as
the é’?ggnent cont

UGing ‘agent. Each wafer was supported by a wafer cassette case

roomade of gyarizy The wafers warg 4deghes, (100, ayp) iﬂsq}?é“eﬁﬁ%a’;%q iStatic

mm in thickness. 50 sheets of wafers were disposed at an interval
treapivout 5 apparEhedithidth chieridecpalederibas] recéiyed intaSchalrlgnasie the
of quartz glass, separately from the wafers. 20 The amount of the

treaiinente GMRIREENBAge Fwberav s abem HIgSIOeTe] Theaheaterwad Pa

. dispos that it surraunded. all sides of the treatment container. .
s B AR G B Re s helan using

the appataius yl neMebe desrribedr &g ingide ofdhe LeatmeMiainer was
container was set to a vacuum atmosphere of about 1.33 Pa using the
elexaieduin poipCTRétethedieatmantcoftaiBeihwasshed@gdeusing: 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 abofe,
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 heater, and the temperature within the treatment container was
elevated to 550 'C after being heated for 3 hours. When the temperature
within the treatment container reached at 550 'C, the treatment container
was maintained for 18 hours in that state. Then, the heater was stopped,
and the inside of the treatment container was passively cooled, thus
obtaining each of reduced wafers. [0072] The wafers produced from the
reduced LT single crystals having iron contents of 0.002-0.01 wt% and
showing the original yellow color, respectively, showed dark yellow. The

the Wafees-pradHeed d1om they kT SingIg Srysialshaying fan sontepts of

0.05-1.20 wt% and showing the original orange color, respectively,

[003Rdwed darkbremgecaftentheseducitort treatment. [0073] Also, the wafer
produced from the LT single crystal containing no additional element and
re

Bd-iH e BaMESTRINHRE d4msscdd above eshangedirorewhiteaoystal
ion. trea t. [0Q74]. The upper crystal w, d
e e e e e I L e
Cursuhjettedia yarious umeRSHIeMents. blﬁr@i;@fb%m@ﬁ%wﬁ%imgw Uttral
be described, and 21 the measurement results and-evaluation will then
POSBEOHe8BribEd WGBTS (L) DurienseittoneasurmentsThed@uris paintamfthérom
upper crystal wafer and the lower crystal wafer were measured with a

the g %?eﬂ? heihsiandly>8r (B¢ A eRe RCEriRYISIREWAS thbasigeparR Of the
upplata oy fue Rostlans-including g ceqiial, Paptipn o (he wafer and fou

r
positions in an inner edge 5 mm apart from" the edge of the' Warer. Rgo;" Was

caldhbadifflererige Hhetwesniha GHrieMoE ofifierence of the Curie point, the
value measured at the central portion of each of the wafers was used.
[0076] (2) Segregation of additional element
Whether the additional element in the upper crystal wafer and the
lower crystal wafer (hereinafter abbreviated as “wafer”) was segregated
was visually observed. Also, the inside and outer circumferential portions
of the wafers were visually observed under a white fluorescent lamp, and

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

The success rate of crystal growth was expressed as the percentage
of the number of successes of crystal growth with respect to the number of

crystal growth attempts.

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

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

good quality products with respect to 100 products. As used herein, the
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upper crystal wafer and the Curie point of the lower crystal wafer was
calculated. In the calculation of the difference of the Curie point, the value
measured at the central portion of each of the wafers was used. [0076]
(2) Segregation of additional element Whether the additional element in
the upper crystal wafer and the lower crystal wafer (hereinafter
abbreviated as "wafer") was segregated was visually observed. Also, the
inside and outer circumferential portions of the wafers were visually
observed under a white fluorescent lamp, and whether crystal defects,
ter#Cleding graaks, BuBhles: and fwin Crysialsy Werss Reset L INE AR ckness
was examined. [0077] (3) Success rate of crystal growth and good product
threatehofc wafend hensucedsshiate of orystakbgromthavamexpressethag thitaw and
.percentage of the number of successes of crystal growth with respect to
chipping ABer Gr e KRRP §rnse AteRTBEUIO78] Also, the good product rate

(yv,%sjdeter ine { tting a 1 mm _thick crystal block from.a single cryst
4
[ and expre’ﬁs}é%\gqt %u%%rc%%t%}eag%%ae%%ﬁy spoédu% ss\?vift‘fwaré%%e tt&l\ paPove

sedqedydts) ASusekheneiy the A2L9rm Gaptapality Nrodusts imeansdials an
wafers having required thickness through cleaning and polishing

ad@firesked exsarierise neloraok, flavlamde cHippirlgvand thiss cambengsedts of
as products. (0 79g3 The results of measurement and obsesvation of the
medgy

BT G (P20 YRERUrY fOHenaRaVSinge BRI candintiigsromood
r5,2p r%@'é’,itiﬂe in.Labl low. Also, the results of
P measurement aarl?g k?[?ﬁﬁf&%?ﬁﬁ%%%ﬁ%%% ?8515%13 ivr\llgf((e:rO 8885 Cobalt,
nickel, manganese, yttrium or titanium as an additional element, are shown
in Table 2 below. Also, the results of measurement of wafer good product

rate of the LT single crystal subjected to reduction treatment are shown in
Table 3 below.
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product rate, measured for the LT single crystals containing copper,

cobalt, nickel, manganese, yttrium or titanium as an additional element,

are shown in Table 2 below. Also, the results of measurement of wafer

good product rate of the LT single crystal subjected to reduction

treatment are shown in Table 3 below. 23 [0080] [Table 11 Iron content O

0.001 0.002 0.005 +603.2603.4 0.10 0.50 1.00 1.20 (wt%) Curie point of

602.0 602.5 602.9 603.1 608.4 625.3 647.3 654.1 upper portion of crystal

(C) Curie point of 602.5 602.4 602.4 603.0 603.4 603.6 608.2 627.7 650.8
10086G.3 Io@%ﬁb@rtﬂoh of crystal (C) Difference in 0.5 0.1 0.50.10.20.2.20
ron2.4 3e8:6.2  Curie paint| betweeen.upperoportionand dawer periadn () | 120

weegregation of None None Ngne Nohe None None Noneg None None

Present 1ron. it .
Curie point of | 602.0 | 8025 | 6029 | 6031 603.2 | 6034 1 6084 | G253 647.3 654.1

upper  portion

of crvstal (T)

Curle point of ; 6025 | B802.4 | 6024 | 603.0 503.4 605.6 | 8082 | 627.7 650.8

lower portion

660.3

of crystal (T

Difference in 0.5 0.1 0.5 0.1 0.2 0.2 0.2 2.4

Curie point

3.5 6.2

between upper
portion and
lower portion

()

Segregation of | None None None None None None None Nane None Present

iron

Crystal defects None None None None None None None None None Present

Good  product 95 96 a8 100 g9 99 98 85
rate of 350 m

72 68

thick wafers

(%)

Good  product 74 82 82 g9 99 a8 97
rate of 200 m

76 69 60

thick wafers

%)

Good  product 58 60 75 S4 95 83 g1 71 &7 55
rate of 150 mm
thick wafers

%)
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Crystal defects None None None None None None None None None
Present Good product 95 96 98 100 99 99 98 89 72 68 rate of 350 pm
thick wafers (98) Good product 79 82 82 99 99 98 97 76 69 60 rate of
200 um thick wafers (%) '.. Good product 58 60 75 94 95 93 91 71 67 5"s
rate of 150 p, thick wafers (%Y 24 [0081] [Table 21 Additional None Cu
CoNiMn 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
[ooglflment [&%%?epéqduct 79 97 93 89 91 90 89 rate of 200 um thick wafers

Additional None Cu Co Ni Mn Y Ti
element

Content 0 0.10 0.10 0.10 0.10 0.10 0.10
(Wt%)

Segregation None None None None None None None
of additional

element

Good product - 79 a7 93 829 a1 80 39

rate of 200 un
thick wafers
(%)

Good product 58 91 89 38 87 85 30
rate of 150 I

thick wafers
(%)

[0082] [Table 3]

Iron content 0 0.002 0.005 0.009 0.01 0.02 0.022
(wi%)
Good product 75 8C 96 93 - 95 92 95

rate of 200 um
thick wafers
(%)

‘Good product 56 73 94 94 94 93 92
rate of 150 mm
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 crystal.

[0084] 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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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 v_vafers (%)
[00837 The uniformity of composition of the prepared LT single crystals
will now be described. The uniformity of composition can be evaluated by
the difference between the Curie point of the upper crystal wafer and the
Curie point of the lower crystal wafer, which are cut from the LT single

carrﬁ%§§@&|®£p(9§%&k@tJ%iﬁ)?ma#?rt_ﬂgfe &SP Bﬁl cec%]nth Ct%rée 1%%}11[% cz:friystal‘

the upper portion and lower portion ot the single crystal can indicate tha

- Alsthew28votpositionissitese Usifermifinrthe axialdirection stthesingle of the
- crystal. Also, when the composition is uniform, neither the segregation of

addifanal fiemanddient it ahy/seieaéfe asoreur Mo, the Lfisimiglele crystal

or W%@gle 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 lowe_r portion of the single crystal was 0.5 . Thai 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 C. 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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or LN single crystal containing iron shows yellow or orange-colored in the
wafer produced from the single crystal. The color of the wafer is uniform
throughout the wafer, suggesting that iron is uniformly dispersed in the
wafer. [0085] As shown in Table 1, in the LT single crystal containing no
additional element, the difference of Curie point between the upper portion
and the lower portion of the single crystal was 0.5 C. That is, because
there was little or no difference in Curie point between the upper and
lower portions of the single crystal, it can be seen that the composition of

wtaghetlel singlesnsta, @QP@;BWPB&W ahe1ement, Was I Bortions of

[0086] Meanwhile, in the LT single crystal containing an iron content of

the 126G Wwi% whe differdriceln Cliliespeint dhetivedntheheppenaodidwerof the LT
. portions of the single crystal was 6.2 C. This suggests that, inthe LT
Singdfh Giey shodbal AEVHGLERTIreATE6RiEN® bP1ORE RlshURE Gonsasition ar the
er and lower portions aof the single ¢rystal was not uniform. This is
{00?%% evidg}lta\fléré?ﬁwgt & slélg%lgat?o%n (%r%fgr%s%iaggazﬁo%ao\{‘l% HagtiGRatents of

0.0Gkemenn. If-the additienalelementds nefiiniosmiy:coptaineddn theichst@hy stal
the segregation of the additional element will appear, and crystal defects

def@ifitersdy0 oeeariethe LTRsingleserystad hadigan drorstastentof ¥R@h  the
wit%, the segregation of the additional element iron was observed, and

i G et e LT EH STOOB PRI BRE L T h BT SRR REV IR TR IS in

the COQRICMNS. 1. %, the difference in Curie point between the
c LapishLs Shicaied Ring8 i Lo, CRIENES R PRARNE SoMEENAEE also

suitheleompasition-efitheibh shgle srystals-havdngdreneantepts @face acoustic
0.002-1.00 wt% was uniform.

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 m
thick and 150 im thick wafers was greatly increased, compared to the case

of the LT single crystal containing no additional element.

[0091] Also, as can be seen in the results of good product rate in

Table 2 above, in the case of the LT single crystals having a copper, cobals,
nickel, manganese, yttrium or titanium content of 0.10 wt%, the good
product rate of the 200 s 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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[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

[oodBgle crysials are morereferablyused toqrpduce piszoelestitiuct rate at

substrates for surface acoustic wave filters. [0090] Also, as can be seen
varintkethéskitts ofegoad praduetthatedt ivariousthicknegseédirsTalile trystals in

above, in the case of the LT single crystals having iron contents of i
Tafe e 2P0 ittt BrOGUE et DI iR 28(Pamy ik §Agerbe ¥gn In the

. thick reatly ingreased, .compared to the case of the LT single
S T o e R Pt e
[odbe resulty pé goReiRredyctidglarad Tapledabayvesdndhe gase-af hedsl, but it
single crystals having a copper, cobalt, nickel, manganese, yttrium or

wagitaeiten dontentisfaall0owtds; thie lgood: prodoctiiate obthib@0tamthicknt for
.and 150 rl%l thick wafers was greatly increased, compared to the case of

thiggneT simfle CRRtF CORMIAGHD SaktGHRAPERNBRAIBBISEAISBE agvorth

pfa%"i‘QQFu%e&” in the results of good product rate at various thicknesses of
the reduced, iron-containing LT single crystals in Table 3 above, the good

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

sin@OL W6 ptiranthe teduced bThsinglecrystal wafer containing 0.01 wt%

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

[00i#6i]. [0095Din tie dicingstelt, eactoofl the avaless wastCuiugieg @d#600 single
diamond blade having a blade width of 0.2 mmT, at a cutting speed of

Cry§igovaiAfsernEHE hE ROMBEI M phieWhale Breps Tarjeethartstghwafers

: th t pl ted, A sult, 11
c T Vo Bheatvbd h ThelL 7 Eolt & Bl kel carillhgerata

waleggitienabelement, Fmskischipred places werebsenved in taegsgaj%’amer

_ LT single crystal wafers containing no additional element, whereas only
witlpiet cHipipeid plavethvas obséaved in the reduced LT single crystal wafer

containing 0.005 wt% of iron, and no chipping was observed in the LT
(003 dIe crﬁ% EMEBHEMiIS 60T SkiyorionnE g elengation mogulus

s e pE AR T e ML e RS e Gt LT
singk@addﬁmaﬁi elemeilhine Lfosingle @yl MaIBES 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 loa_d 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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containing 0.005 wt% or 0.01 wt% of iron and the reduced single crystal
wafers containing 0.005wt%o0 or O.Olwt% can be diced in a good manner
without chipping on the cut plane. [00971 (4) Measurement of deflective
strength and elongation modulus The wafers having the respective
thicknesses produced from the LT single crystals containing iron were
measured for deflective strength. The measurement of deflective strength
was carried out using a three- point bending test by the Shimadzu
Autograph machine (A G S -1000B). The test conditions were as follows:
[008bRse lemyth Qh SR MBIORM -temREratiie AR Aif qH“%ﬁg,‘?e%e'a%%d i;able 4
crosshead speed of 0.5 mm/min. Also, the maximum load of the machine™
Tahigst 5thNw0098] Alsodthe measugement ofrelongation FROdUSWAES]us and
carried out test samples having a size of 18 mmX10 mmXO.2 mm, cut

el PR RSRISHER Y Yo §osttivd thekhdssiagisradvissal fronietie Lontaining

: in stal aining iron..In the, same. manner as in the
o I B st v -
axiusinfjentbreehpaialiibending tesh Binthe: SHMRFLAUIQYRPY, MAchiRS far s

(AGS-1000B). The test conditions were as follows: a distance between
LOOJ ARk of BiofHm, Zrodim sempera@daincaireatriosphereltandfathe LT single
or g{OFSFAead speed of 0.5 mm/min é—| rein, the maximum load of the
ym%c%in%"\}v“apg%% KO ORISR AtloR- Ahdshalsyatbaldniskndtas the
reshrea Xt ] r of the three-point.bending test. 29
dgggg)f’éﬁm;%@#%ﬁgﬁ?%é%ﬁ?ﬁ?g G AELE0Ta FIBEM: Table
roorory) “ErRSESY

4shows-the bending-strength-at break, elongation modulus and
elongation modulus ratiofSPEEEhsETHENL T Singk crystaluwaféhsuoatstainimgy:s

at break © (N/mm2) raiio

LT single crystal 30N 18008.0 1

containing no  additional

element :

LT single crystal 32N 18001.1 1

containing 0.001wt% 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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iron. In FIG. 2, the x-axis indicates the thickness of the wafer, and the y-
axis indicates the deflective strength flexural modulus (N) of the wafers.
[00100] In FIG. 2, the symbol indicates the results of the LT single

crystals having an iron content of 0.02wt%, and the symbol A indicates the
results of the LT single crystal containing no additional element. [00101]
[Table 41 Bending strength Young's modulus Young's modulus at break
(N/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

strepiBghesrysiahdaN-E 8923 DP%ieenaining: Q005 W% ALIeD 1L, 89918 iron.
crystal >50N 17851.6 0.91 containing 0.02 wt% of iron not broken [00102]

and Ay eleaiy shavetlindelGp 2y ¢e veflebtivd Sirengthlef theyisTalsinglgtaiystal no

contailni g 0.02 wt% of iron has no relationship to the thickness of the
addipiorae! £t greatly increased compared to the LT single crystal

{oo&%@?iUi”ﬂé“%i%%ﬂgoog%%b‘%M%ﬂ‘rﬁﬂ%’UAEhtrﬂx%‘ FowE.in tht?eﬁé%%e’otp%he LT

deflective strengt the LT single crystal contalnlngng.oi Wit% of iron
singadcthesredueackiThsinglecryeial igemaining R QA Wike ehHaTWere: flserystal
measured. The deflective strength of the reduced LT single
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.
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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crystal containing 0.01 wt% of iron was not different from the deflective 30
strength of the non-reduced LT single crystal containing 0.01 wt% of iron,
and was increased compared to the LT single crystal containing no
additional element. [00103] As clearly shown in Table 4, the bending
strength of the LT single crystal containing iron was higher than that of
the LT single crystal containing no additional element. Particularly, the LT
single crystal containing 0.02 wt% of iron did not break up to the
maximum load of 50 N. The elongation modulus of the LT single crystals

resuaetaining O.QAR A0 ah 02 yt% gfdropwasdewerthan that @fthe LT width
single crystal containing no additional element. [00104] (5) Observation of

obsetitgpfane tiwe leftsivigie onySI&E wafey zoriddfingino additenakele medtided cut
Widgﬂ}e@@ﬂ smgée crystal wafer containing 0.02 wt% of iron were cut with a

6BBSARIAEHY bRRIERRYIRGS Bl widt 8f O 2T Sfcattrig8geeds
[0095%‘? mﬁ'ésgﬁ ]ig %W@ e?n d%ﬂlefc%tlllﬁégneéq\gg%lovtef%gél\{‘eggvnl%ammg

a microscope. The cutting was carried out us

no 4480126 cHhednicrosnapiccobservatian wascaret autwsingKkY BNGRing
model VE- 7500. [00105] The micrograph of the observed cut plane is

sPegRoin I FTandsem thé tfigurs! itieeasprc didatds thasutting, dhaegtﬁonhlppmg
W ST S Hd o B B e BT e e B bt iag of
the Of,thes‘iﬁ%@éar!%%tg‘ewﬁfékngé%ﬁ%ﬁt@ﬁ}ﬁ’a@b?o%ﬁ’%m%fo Qawrpgtdron, .

Also, in both the' left side and the right side in FIG. 3, the upper portion
chippéicates shebrestilisd at any of the cutting speeds.

[00107]  With respect to the cut width, when the blade width was 0.2
mm, the cut plane of the LT single crystal wafer containing no additional
element showed a cut width of 0.26 mm on average, and the cut plane of -
the LT single crystal wafer containing 0.02 wt% of iron showed a cut
width of 0.21 mm on average. It was confirmed that the LT single crystal
wafer containing 0.02 wt% of iron shows good processability in a cutting
process, and can be cut with precision.

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

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

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

reduced LT single crystal wafer containing 0.0l 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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at the cutting speed of 5.0 mm/sec, and the lower portion indicates the 31
results at the cutting speed of 10.0 mm/sec. Herein, the cut width
observed in the left side in FIG. 3 was 0.25 mm on average, and the cut
width observed in the right side in FIG. 3 was 0.21 mm on average.
[00106] As shown in FIG. 3, in the LT single crystal wafer containing no
additional element, chipping occurred even when it was cut at a cutting
speed of 5.0 mm/sec. At a cutting speed of 10.0 mm/sec, large chipping
was observed throughout the wafer. On the contrary, in the cut plane of

(20 the)LIngingle exystakwiaiel, cantaining 802 mtdo whirgnalttleeited o 200 T.
chipping was observed at any of the cutting speeds. [00107] With respect
Aftep the oualgicihiasheaaeheblagd wittthado0 2latenicheeovplaraistiies, they

AR 6098 i G AVeraB el fhd B0l Pk T et 1 e e
Arnrdvafes cppiaiping, 0,02.08% of rop, shovedka,euk ay|di el Q20 P Qhted, and

“average. It was confirmed that the LT single crystal wafer containing 0.02
thewtpédfdon shwsvwood prodessdbilityinea ciitting girocesss andtaredeon the

cut with grecision. 00108] Although not shown in the figure, the cut plane
hotgtige réBareners Spaletastar #i5ter crraihifg 00 Mm% of iron was

observed. In the, .re d LT single crystal wafer containing 0.01 wt%

ol AL A0 S WL ek (L o P el © 200

[o&iysial waler coptainingQ 04 wifa of inon; As,a fesultTit Was1eopfiaed wafers

that the reduced LT single crystal wafer containing 0.01 wt% of iron
cordhaws gaad suidicassabiityirea tcwtting Iréce sshanshcahee lmdakitize ratio of
theprﬁgli‘Si%?ﬁé?g 1(2:?']y(s6t)ai|;he<:r!)nn?:|aiir1r1]i%?;t E)eis)ti}l Wt% of iron was 10%, the
breakage ratio of the LT single crystal wafers containing 0.002 wt% of
iron was 4%, the breakage ratio of the LT single crystal wafers containing
0.005 wt% of iron was 2%, and the breakage ratios of the LT single
crystal wafers containing 0.01 wt% of iron and the LT single crystal
wafers containing 0.1 wt% of iron were 0%.
[00111]1 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
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100 sheets of 0.2 mm thick wafers, stored at room temperature 32 (20 'C)
and containing iron, was placed on a hot plate heated to 200 C. After the
wafers had been placed on the hot plate for about 5 minutes, they were
taken off of the hot plate and rapidly cooled to room temperature. After a
series of processes, the number of broken wafers was counted, and the
breakage ratio was calculated. When the wafers were placed on the hot
plate, they were heated at a rate of about 90 'C/min. Breakage ratio (%)=
number of broken wafers/100 wafers x 100 [001101 As a result, the

redifeakage wtjeiaf the ki singleLy %@%ﬁﬁﬁgcgﬁin%%oﬂdﬁg@%gd the

element was 17%, whereas the breakage ratio of the LT single crysta
redeepdalning 0081 waede of irom was 19, W06 bregkadeirato ofdhe bhsinblen a
~crystal wafers containing,0.002 wt% of iron was 4%, the breakage ratio of
hot tﬁﬁaf_@r 'ﬁ@ﬁ@%r%tg%fgs coRtERAE 101005 e, erbnafatheysyafrrthavas
' e LT single, crystal wafers containing 0.01 wt% of
D e T Sincie Byl ATl BbiGirTg O I o efsospoled
to rfOhlidnfs-eeseribedaheyve, tggrtiré@rrggl%@t@@raﬁggﬁﬁ@gﬁg&t%l bloken

’

single crystal wafers containing 0.002-0.1 wt% of iron as an additiona
walglemenRpwerengrshtinndproved: §o81 27 ralso, thesheninal statiatestovasibed
aboegrformed on the reduced wafers. This was carried out using a

madification of the above-described method. [001131 100 sheets of each

[oo‘ifltﬁl? oz&m@%r{@ 1L [ | wafers, stor t room temperature
(20 C) and containing no ;(?d%%%%ge earﬁgngftﬁé Efe uced't st éa? walfers
concrystagwedersidortaininglaemaddiieaal 24%, and the breakage ratio of the
reduced LT single crystal wafers containing no additional elemen.t 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

34



element, the LT single crystal wafer containing 0.01 wt% of iron, the 33

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

reduced LT single wafers containing 0.005 wt%-of iron, were placed on a

hot plate heated to 300 'C. Immediately after each of the wafers was

placed on the hot plate, it was taken off of the hot plate and rapidly cooled

to room temperature. After a series of processes, the number of broken

wafers was counted, and the breakage ratio was calculated as described

above. [00114] As a result, the breakage ratio of the LT single crystal
conwaferg @@ORINPERO additignal %l%ﬂ%&ﬁ%%&“%qﬁngiﬂgﬁéof 981 ra%%fer

of the reduced LT single crystal wafers containing no additional elemen '
contghgrg %.Olh cotfteastf theobreakaleatios df thel LT Bingleotsysial walergafer

tconIain'tE 01 wt% of iron, the reduced LT single crystal wafers
CONESHE %% T Lo bHioh Y tReRSIESH LT single crystal wafers

[oo £ntpiningQ.005 Mm% pf irar were all 0%. [00115] As described a .
- the thermal shocl?charactér?sitic%oﬁ%se Yeducer 'Illgliﬁl&en%? %Imé 103
(marofiainingiO81 WA ADRRPSAY, ehdrendsan addilonal flement didngt 1y

change, even when they were subjected to reduction treatment, and the
plachigarags raviol tferedf wasliw. 00L16HE Tast®f elfechof inhibiinging the
cha I;r%/roele ric effegfts The volume rl[esistivities and surface potentials of the

uted T LS SrP S WL EBRaiRING nts BiRFHaHAI 2164 NE A 18 T,
and fUEEEIL T ANglg,eossalwalencanipiing en et oasured [00117]

The volume resistivities and surface potentials 0 mm thick LT _
[003ibgle wafehnonrtainiigtia @dditienalelementithe se0us8d L Tolor 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 wt% 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 0.01 wt% of iron as an additional element had low volume
resistivity and low surface potential compared to those of the LT single
crystal wafer containing no additional element. |

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

wt% or 0.01 wt% of iron had low volume resistivity and low surface
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single crystal wafer containing no additional element, the LT single crystal
34 containing 0,01 wt% of iron, the reduced LT single crystal wafer
containing 0.01 wt% of iron, and the reduced LT single crystal wafer
containing 0.005 wt% of iron were measured. [00118) The volume
resistivity was measured using model DSM-8103 (manufactured by TOA
DKK). Also, the surface potential was measured by placing each wafer on
a plate maintained at 85 'C and measuring the change in the surface
potential from room temperature (20 'C) to 85 'C, and the peak was

pot@xREessehas ihe sifagepetential yalug. JORLLP] Velume Jesist] tal wafer

surface potential and wafer color are shown in Table 5 below. [001

COn[TEablESIld_a'dsingtlmfédﬂ@eddﬁlt LT@ngzlextedmsede@'eued&tﬂ:eﬁdﬂt}meﬁahced
smgl crystal single single wafer crystal wafer crystal ¢ e@\ktal containing

WA ComA g%?é%@éﬂﬁaaamﬁof%a@%nw%gm G Whowbfacatitdiminghad
the %Q?é%‘f‘%‘igl ﬁ{or Wﬁ%r}%? ?{ §?f c(%s dut(y 0. 01 t% of ilemgnté%q

iron iron Co ark'yéllow DAk yehlowo\l}ou
100E234-15]2. 13144, EQEﬂQE’ ﬁQE*tl@c& EAA0 siEibeamiSuTagegle

-4.5-0.25-3.5-0.10 -0.10 potential (kv)

crystal wafer containing 0.01 wit% of iron and the reduced LT single
crystal wafer of the thick wafer containing no additional element were
measured for .the changes in volume resistivity and surface potential
before and after thermal treatment. In the thermal treatment, each of the
wafers was maintained on a hot plate at 300 C for 1 hour, and was then
cooled to room temperature, and the volume resistivity and surface
potential thereof were measured.

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

wafer on the plate maintained at 85 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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[00121] As shown in Table 5 above, the LT single crystal wafer containing
0.01 wt% of iron as an additional element had low volume resistivity and
low surface potential compared to those of the LT single crystal wafer
containing no additional element. [00122] Also, the reduced LT single
crystal wafers containing 0.005 wt% or 0.01 wt% of iron had low volume
resistivity and low surface 35 potential compared to those of the reduced -
LT single crystal wafer containing no additional element. Thus, it was

i duced LT single crystal wafers containing 0.005 wt%
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[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

respectively.

single crystal

wafers containing 0.01 wi%

of ron,

In the figure, the circle symbol of the arrow indicates

values before thermal treatment, and the arrow symbo! 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,
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surface potential value. [00125] The reduced LT single crystal wafer
containing no additional element was measured at n=1, and the reduced
LT single crystal wafers containing 0.01 wt% of iron were measured at
n=3. [00126] The measurement results are shown in Table 6 and FIG. 4.
36 [00127] [Table 61 Before thermal treatment After thermal treatment
Volume Surface Volume Surface resistivity potential (kv) resistivity
potential (kv) (Q cm) (Q'cm) reduced LT single 2.34E+ 11 -140 1.30E+ 12
-330 crystal wafer containing no additional element reduced LT single

[00130F+ 11954 98E:hbhrikdm coystahwatartcantainieg Q038 Wit Pf Hidfrmal
reduced LT single 8.78E+ 10 -40 6.98E+ 11 -120 crystal wafer 2

treadorainitly 0L wen Gfitoheedededa T shgiing/218+ sl 26 & 82Eerithining
- .wafer 3 containing 0.01 wt% . . ...

0.0lgért%y%t? I1¥\6ane}r1adc?ow surface pote?nmal and showed little variation in

the surface potential after thermal treatment, compared to the reduced LT

single crystal waler containing no additional element.

[00131] In the comparison of the volume resistivities after thermal

treatment, it was seen that the reduced LT single crystal wafer containing
0.01 wt% of iron had low volume resistivity, and that compared to the
reduced LT single crystal wafer containing no additional element, the
volume resistivity after thermal treatment was difficult to Increase, that is,

the conductivity of the wafer was maintained, suggesting that the wafer
had a high antistatic effect.

[00132] The increase in volume resistivity is thought to occur due to

oxidation. The reduced LT single crystal wafer containing 0.01 wt% of
iron, for this reason, was difficult to oxidize again, even when it was
exposed to a high temperature of 300 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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of iron [00128] In FIG. 4, the symbol A indicates the measurement results
for the reduced LT single crystal wafer containing no additional element,
and three kinds of circle symbols indicate measurement results for the
reduced LT single crystal wafers containing 0.01 wt% of ron, respectively.
In the figure; the circle symbol of the arrow indicates values before
thermal treatment, and the arrow symbol of the arrow indicates values
after thermal treatment. [00129] As shown in Table 6 and FIG. 4, the
reduced LT single crystal wafers containing 0.01 wt% of iron had low

surfyoluméaesistivily angdoer sufacipotentialiahin thereducad Liesingleature.
crystal wafer containing no additional element. 37 [00130] In the
AlsQpofisarndBRiBiths 2aFERS pofkiftiate aftsR thekmar aremment latwds sowh the

the. reduce single crystal wafer containing 0.01 wt% of iron had .
Chat{%\%&s‘é? a%e%%éﬁlﬁ% zf‘nd%s n(%/\/g& Iffﬁ(e%%%rrll r‘sli r?ﬁ“ggt e@%‘éﬁpﬁ%ﬁf@em 15

not aftarithesnal treatment, compared to the reduced LT single crystal wafer
containing no additional element. [00131] In the comparison of the volume

[0033&dtivitleeratierstiemsan rredimentdt Wis seegi¢har fteakducedl TN single
%i gle crystal wafer containing 0.01 wt% of iron had low volume )

nysré{liéﬁvh&g,eﬁﬁhét EORHAIES f0the  RstiRkRl 1T Singleceystadvaraducing a

sur ERBiainRgsnp adaitional elemept, e QIS resistiviy; aftet therma

h | .
treatment was difficult to increase, thatis, thé conduc |vﬁy ofet%éﬂz\ﬁlg?érm the
piezwelmaintainpdusugoasingdhaidhenuafes hadiaigh-antistatic effeie matic.

[00132] The increase in volume resistivity is thought to occur due to
hen the piezoelectric substrate is electrically charged, the discharge of
static electricity in the p_iezoelectric substrate occurs, thus causing crack
or breakage. Also, the electrode formed on the surface of the
piezoeiectric 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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oxidation. The reduced LT single crystal wafer containing 0.01 wt% of
iron, for this reason, was difficult to oxidize again, even when it was
exposed to a high temperature of 300 C. [00133] This indicates that the
use of the LT single crystal wafer in surface acoustic wave filters will
provide a great effect. [00134] Processes of producing surface acoustic
wave filters include several processes causing changes in the
temperature of piezoelectric substrates, for example, the formation of an
electrode thin film on the surface of the piezoelectric substrate, and
wipreshakingros pasiceaking it hatolithnasaphy: Hgwayer the LT single
crystal or the LN single crystal, which are materials for the filters, are ‘
[00ER&hctelzeidar bisatrthentivavbdtdhcpyratlectricacaicienid andihighrespect
resist%?%e. For this reason, 38 surface charges are generated due to

fo g I RGeS HpaRRTe 1L A, Bte WIs@F eAdr§s lapee ghilladtin the
t e persists,as long as externa .
e e oval B o At Bt 1O L55] FaTn edupneparting
fromvhien therbTesitgiecrystal andhiadn singlascavsialig usel@$@lowing claims.
piezoelectric substrate in a process of producing a surface acoustic wave
filter, the generation of static electricity in the piezoelectric substrate due
to the change in temperature is problematic. When the piezoelectric
substrate is electrically charged, the discharge of static electricity in the
piezoelectric substrate occurs, thus causing crack or breakage. Also, the
electrode formed on the surface of the piezoelectric substrate can be
short-circuited due to static electricity. Moreover, fine metal powder,
waste, dust and the like, which are generated
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in the production process, can gravitate to the piezoelectric substrate
surface due to static electricity, the electrode can be short-circuited due to
these particles, and the electrode can be opened, such that it can be
broken. [00136] Recently, it has been necessary to carry out the process
of producing surface acoustic wave filters at high temperature. [00137] As
described above, the volume resistivity of the reduced LT single crystal
wafer containing 0.01 wt% of iron is difficult to increase even after thermal
treatment at 300 "C, unlike the reduced LT single crystal wafer containing
no additional element, that is, the:canapstivity thereof is maintained,
leading to a high antistatic effect. Thus, it is thought that the use of the

reduced LTAsingieuery stal wiafer comgainingyG:0dl 39 widithfironiivbutacdngle
acoustic. wave filters will provide a great effect. [00138] While the
Iy §iRentidhhns Bakrtshalr it daseriidi imRaksieeiet thelsrifefrdgom the
imgﬂi it. Wil understood by those skilled in the art that, various
gmg;g”a%%%s arll %m%iéivi |§5§io§§pné§$b%aﬁ¥§ég \?v?t%bﬁ?(éﬁéfp%a({r]ﬁ%mroﬁﬁ) sﬁ}}ﬁkei’
zincandhSieope whihe-iaventionas defingd dadbe folowing Haing40CLAIMS dium,

1. A lithium tantalate single crystal or a lithium niobate single crystal,
rhogikieh Ephtainsat eudtashieaddiiven eltientseleotdd fromithe geadymium,

. .dconsistir%g%?f iron, r3$ per, manganese, moI%/_bdenum, cobalt, nickel, zinc,

I R THAYHES N e s SR I Stetir i AAERRUNG ESEamdidms, other

trauf BRI SURERLIEY, PRLRCIUD Y TORIRIG, QI XHEUD AN o
iridium, germanium, barium, cesium, strontium, gaﬁllum, ceriumand other ’

and has excellent stress shock characteristics and thermal shock

characteristics.

2. The lithium tantalate single crystal or lithium niobate single

crystal of Claim 1, wherein the additional element is contained at 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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transition elements at a ratio of from 0.002wt% or more to 0.1 wt% or less,
and has excellent stress shock characteristics and thermal shock
characteristics. 2. The lithium tantalate single crystal or lithium niobate
single crystal of Claim 1, wherein the additional element is contained at a
ratio of from 0.002wt% or more to less than 0.01 wt%. 3. The lithium
tantalate single crystal or lithium niobate single crystal of Claim 1 or 2,
wherein the additional element is iron, and the single crystal shows yellow
or orange-colored in a wafer produced therefrom. 4. The lithium tantalate

crys$Ngie crysial or kimidre mobaie simglenatystalptany-one of ¢laimad tediced
which is subjected to reduction treatment. 5. The lithium tantalate single

singtrystat srlitiibawsobatksingléo w1 erystatiof Claingd, whereimafrey produced
agditional element is iron, and the reduced single crystal shows dark

ther§ 10W-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 aAitmigthnidbide singteudrystal, wiitivednlaihfat leastdnee single
additional element selected from the group consisting of iron, copper,

CI'Y HHirifaHERBIBIPEIE A UTH E6halty Hisket OBIRE I BB GRE kR silim,

e OO D e, e, oy AT
cry SRNURLESS WM, SiraRtiym; galliumceriimiand ot8thent 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 sihgle 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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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,

0.000geism, rythenium, paiadiym. sivessplatingm, gold WM stress shock

neodymium, iridium, germanium, barium, cesium, strontium, gallium,
charcetisrisaind aitér ransitiosislelnehts-at seratioof.from 42 0.002wt% or

more to 0.1 wt% or less, and has excellent stress shock characteristics

and thermal shock characteristics. 8. The surface acoustic wave filter of

Clagim 7, wherein the additional element is tain%d tl,arrrrflti? o(%orp ‘n th
0 B0mutoh e A e o be 4 e S EAETh Wi che

addfilteraf Glaim. 1 o & ovhereinthe .agditional glementigdromyand there to less
piezoelectric substrate shows yellow or orange-colored. Il 10. The

tharsrfatevaBoustic 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,

Whg.rein thefhe 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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additional element is iron, and the piezoelectric substrate shows dark
yellow or dark orange. 12, A method for producing a surface acoustic
wave filter, comprising the steps of: preparing a piezoelectric substrate
produced from a lithium tantalate single crystal or a lithium niobate single
crystal, which contains at least one additional element selected from the
group consisting of iron, copper, manganese, molybdenum, cobalt, nickel,
zinc, carbon, magnesium, titanium, 43 tungsten, indium, tin, rhenium,
scandium, rhodium, ruthenium, palladium, silver, platinum, gold, yttrium,
tun gREOHY MM IdiUm, GRIMARUT AR, %Mﬁﬂrq{g% Al 1 dium,
cerium and other transition elements at a ratio of from Ooﬁlwt% or more
silveo, 0 [lavietior, lessidang thasiexcellent siiess:, shack charaetesistitaandbarium,
thermal shack characteristics; for:jnairg:gt an electrode thin film on the surface

CeSigfing BinzbEfBetfa: SuBsHerE HRAPAHEHIRG thansiiahdd e il by a ratio

toht f lectrod ' ' .13. Th
O e i 1, WPeets the ko G (oMt U oSS

shoott feom-8002Wi% kAP dedessnaniOah wikee 14 The method of Claim
12 or 13, wherein the step of preparing the piezoelectric substrate

cofaprises aasteplof bubsjectihinthél piezoeldutricstibstrate tolredpntiorelectric

treatment. 44 ABSTRACT
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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The present invention provides a lithium tantalate (LT) single crystal or a
lithium niobate (LN) single crystal, which has strong resistance to stress -
shock or thermal shock, and a surface acoustic wave filter comprising a
piezoelectric substrate produced from the single crystal. The lithium
tantalate single crystal or lithium niobate single crystal of the invention
contains at least one additional element selected from the group
consisting of iron, copper, manganese, molybdenum, cobalt, nickel, zinc,
carbon, magnesium, titanium, tungsten, indium, tin, rhenium, scandium,
rhodium, ruthenium, palladiumyBify@R plgtinum, gold, yttrium, neodymium,
iridium, germanium, barium, cesium, strontium, gallium, cerium and other
trah iR SIEReHtE St ORRY OF ist 0.00Riferokaitee (o D) Isinfda]wm stal

e and ha stres shock charac en tics and thermal shock
or acr?a%ﬁaltcplrlsjtlcs HI?&I) smge crysqta?, %as strong resistance to

stress shock or thermal shock, and a surface acoustic wave filter
comprising a piezoelectric substrate produced from the single crystal,
The lithium tantalate single crystal or lithium niobate single crystal of the
invention contains at least one additional element selected from the group
consisting of iron, copper, manganese, molybdenum, cobait, 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 & ratio of from 0.002wt% or more to 0.1 wt% or less,

and has excellent stress shock characteris_tics and thermal shock

characteristics.
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