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Pcrl)vskite type 301ids aFre a class of inlPoltant fclToelectrics. :rlley posscsS a far grcat

dicloct五c c01lstant,a,co]■llTC(l With odintty diclectlics.151 Tllis propcrty is usually attributed

to tlDe presencc of tlle soft lllodc in thcse lnate五als.114,16,17,21,5,401 Fig.2.l gives thc stlucture of

tllc tyl)ica1 31)perovstttc compollnd,SrTi(D3・Sil■cc tile Ti lon is only looscly boxed up in thc

octahedral oxygen cagc of tllc pcro1/shte stluctllrc,at lo、v telllIICraturcs,tlle rcstoring force is

v e l｀y s l■■11 . I t i s  t h c n  c x p e cゎd b  r e s u l t  i n  t l i c  a f oЮl■cl l t i o n e d  s o f I I  m o d c .ヽVi t h  c n v i r o n l l l e n t a l

influcnccs,s、、an CX“rnal clectic ficld or a mccllanical plcssurc,tlle dic19cric response of

tllis odd a■id soi lllode will l〕ccOmc vely large, being the typical characteristic of this

lllalend.

sr2+

Ti4■

02¨

ΠG.21.Sぼ uctulo of SrTi03

l llc baIId sLucture of SrTi03｀VaS alrcady calclllated by Ⅳlatthciss141〕aS Shown in Fig 2.2.

The top of tlle valence balld of tllis r.latcl・ial is mJnly col■posed ofthe η olbit4 0f O,and

thc bottom of the conduction band is■lainly composcd of thc 3′orbital of「隅.In betwccn,

thcre is a 、vide indircct energy gap of aboLlt 3.2 cヽ4 This result was a130 COnfirllled by

Hasegawa ct al.1421.
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this decay includes a bimolecular reaction process.to'l The inset of Fig. 3.3 shows

time-resolved luminescence spectra observed in I-2, and in 2 tt s after the photo-excitation.

As is shown, there is no difference between the two spectra. This indicates that the origin of

the luminescence is alwavs of the same STP state.

10銀 lμ l岬 100口 1熱  10m

Time iSl

FIG . 3.3. Temperature dependence of luminescence decay curves in SiTiq. Signals are

detected at 500 nm (2.48 eV). Solid lines representing t-2 dependence are drawn to guide the

eyes. The inset shows time resolved luminescence spectra observed at 4.5 K.

3.3 Photo-induced Dielectric Enhancement

SrTiO: has already been known to possess far great dielectric constant by comparison with

ordinary dielectricstsl. This is believed to come from its fenoelectric *o6"[17-20'64]. However,
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tll`'311 it:■1]■よ■●lti 131at,(1 lvi」1 己1●soft lllodし8「(,C01lCen13d only、ritll llc electrOrlic grol〕nd

sl,ic ol ilis,J(tcilal.2生s ilis I)lcn Pointcd outi〕Icviou31)ちtiょcヽ/ay Of Fi110色o―cxcitation o.lcl13 a

l■うヽイ V/illd3,F fl■ ′‐■ct,gnizlig i■tそぅlostilig stolics c7f ril■tcll■ls. It is tllcll exPccted for Jlι

clcctr●■ic cxcil(,I st14cs to sLoヽ「ノ3olま]=llCV/Cliaスactcilstics.■icclltiy:tv/as follnd by(lifferent

gr(11lII110 111 litll。1)じiti●vlolct ilradiatioll gi〔,atly〔nl131lccs thc(:iciイictric cor_stallt of Si‐`D3

.Ihi〔
csada ct al.l'011卜3a31lrcd illo 崚rDpc13としl c clcPclldCllt rcal tlielectic constant[13 Si10■/11 in

]I:〔,.1.4 ollごIIaF,〔ィlivノ■Ct al.142]εaVt titCli rcsult in llig.3.5,Ectll of tilc l,・lo cXPCrinicnts
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「IC 34.(a)Expclimcrttal sctup(1})Thc tCl■ pσ atuic depcrl(lα lcc of tllc gi3:ntic rcal pari● I thc

ciclcctic constanξ  of Sfi03 C(bl● Ck Sc“ rcs), C DC(1“ C10SSCS), E uv(gccll arclcs),帥 d

`uvanc(1)lrC SOlid cil(,1,s)rcprCS intthc di● lcc■ ic constttts lll,aSul∝ :試 ■1ltq、lcncy∫ =10011Z

witthout UV〔,■(lDr,u,dc(。 .lyじC,111ldcl ollly U、2did undc:boTh DC and UV rcSpcctivdy
′
I1lo lov′l‐r insct sllo■/s tllc trnpc;‐al1lrc dol,ldcncc of ε in a llk〔ヽFlll■'d Vcrtic[1,`,alこ..1l`lc F,1:`

r" culvc lcprtscll13 thc it by Iしarlctt's forl,il■la 151l T1lc ill_pCr insct sl)ov′s tl〕C tcnlra・ar urc

dcllendcl]cc of diclccと五c loss p Tll`し 3,1■b01s for D a13r indicatc thc s■111● CXpcril■lt■lal

colldidons as the loal Pを、rt ε.
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FTG . 3.10. Schematic diagram for iocal versus global parity violation.t6Tl

olchrly ill Fig. 3.10. 17jtti thc ultra―violot illtlininadon, the cryst滅,(a), under30cs a globle

parity vi01atiOn and irst relaxcs down to thc SPEtargc palがOn stat,o).As wc have shown,

this statc is actgalけa ch距8Cd l■lacloscoPiC dOmain dolninattd by thc odd―pariり■u n10dC.

`1.隷
〕rck)ro,it is quit dipolc activc,say9 u■、Lr an cxternal clccttic ficld 」.lt is just in this

sensO lhat v√e call it suPc,ptta―electic lttBc pol乏Fon ln this diagalll, tlle dashcd Ш o、v

lcp■escnts tllc qvalltum tunncling proccss, dlough wI」 ch づlc sha1low extendcd staじ

tansfbinls illlo tiじself‐tappcd Polaron stat,(c).TllC lat"r only llas a local pttiりvi01試10n

as sLctchedしv thi 3m21l dashcd circlc.

3.6 SPE ILarge Bipolaro■ and Bipolaroll Clllstors





Tunneling fission

Soper-prn+lectric
l"erge blpohron

alld

tO也 ρ ―
ト ト手瞬七・て与司

岬
卜手ピく‐

f)]・

In Fig.313,th3 s01id cllrve sllows tllc adiabatic erlergy per clectton as a flinction of r,and

it tttkes l■iniinum at r= 14. Tilus, thc largё  bipol″ron l■olcculc can be stabilized without

changing its l躍ge radius.

In order to fllrtller clucidat=PosSible SI1`1 large bipolalon clusters,wc als《)illvesdgated a

4もiPol田On molec■ le with a squtt stucLLlrC aS sI.owil in Fig.3.12(b).ThC inじ 卜bipol籠on

distancc is also assullled to r.Thc rcsult is givcn by tlle dotted curve in Fig.3.13.It is alllllost

same as tit solid curve.So wt can co■clllde tllat,bcfore dic wholc`ブsys"lll Кlυ【Cs down

to the globally stable self―trapped ζtate,various biI)olarOn clustcrs alDpear.Of coursc,these

,2

Two rclf-tnpped
off.cerlcr polrrons

2e- charged eonductlve
Ferroekctrlc domein

FIG.3.11.Schemaic(liagram for SPE largc bipolaron ission.1671
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5.2 llslnxntion af the lllecJron and llhonon Couplittg

S3''steirt

In thii ck)it,wo2Кtttうinwsdga“tm p。laron cttCt dⅥ五ng the relaK面on proccSs.So wc

cttry olit tle dyllainics only ior the singic、OLctron systcin.In such a casc,thc 131loto―cxcited

clecrrrJn is assulllr`l illiti■1ly to be in tt bottom of thc cond「 ction b311d. ′、ldloじgll dlis

じlcr■o,lis in a quasi plどlc■7aVC Staじ,tllc Юal crystal call』ways ttprOXima“ to an inini輸

rcgioil for tllc etctlon,and■lc elcctonic lnotion concemcd re81on is ollly a small pat of thc

crystal.て
｀
his rJ10t,Tc is illustratcd in「ig.5.1.Thc black circles dcnotc dle reslon v/ithill wilicll

dE cleci『on iallsfers l■oln site to site and couplcs to the latucc.L■tticc vibration3 in SuCh a

legion al℃dcsclibcd by the dressed phorlons.In colltraSt the bluc circles dcnote tllc rcgion in
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Flg.5.1.Schcmttic aaram ofthc c―p couがins SyStCm.

■,1■ch thc lattice lyls not o_qy interOctiOn with dle clectlon.Lattice viblatiolls in this regioll肛e

describcd by tllc btte phonolls.Ttt blue region¨tualw scrVes as ttt the■11lal rescfvoL In

contrast,tlic b13ck lじgion is Fegttded as the syst■l iri tlie following.

By К山 彎 血C号 山 "げ 血

善
(義 )宙 血 ぬe∞ 螂 "面 彎 dttdC温 はpК雨 m

考(Dみ),thc IIan‖“五all(3.1)is●ansぉrttЮd into th fonowing
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