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5 LiTaO, 555

R1LEFT,
25 EfRROEZE

Hiffio kS icLTBs iR, BFr 7y
7, BA, BRohUh, BITEL2L8EL,

BHIZE->720, &kl 3%, LiTaO;DERK
AV YU ALDIERFERT A5G0, NEH
HADEHG T CTHRESERITINEZSKEVLDT,
5 LT hERvacancy BE LR T <, fdRITR
LS EIZEML TWE, ZO/BEEFEINRAL T
1300°Cfiir 5 7 =—F % L SEFE L 72 228,

OV ABAD ZATERAL-ERITEMEZ R
W, $207=2—) S iERTOBREEAE
BETIHRLHLDOTEE L,

2.6 EHm{tRfF

LiTaO, 135855 BRTH D, LEliEER2 L 2D
T, ZDF FTEHAFABIEZ VO THIE
b+ 2 0E»nH 5, 211213LiTa0; 0 F 2 — Y —
£ (#9650°C) LB = THIFAL, BB/ E»ITTH S
wHIThIE L, BEFELT, B8, B
VU LEERRWS,

2.7 RFRYEE OFHE
i 2 VIRPTE L TFTIRIC

e, tEGEL, EITEONE—E (A bV T —
vay, LS ZERFENL, EREEET 4

Vg —ix EORETREROEE b AHEFHEO R

WEHEL D185,

5 KEpvrse
L{b}oél@é—‘"

#1 LiTaO;0#5 R

BOLEHRTF, EERT
LlTaosTuaa (HE—2E(t) DE&EFER
Fa—)—iRE 620°C

r B 7.3/ ot
HOE 5.5 (E—2XA)
LT pO RNk Bk NTEA
ZRHC,1—R3C
BT EH ag =5.4743
a  =5610
(REERFRTE
ay =5.15433
cy =13.7844)
Ll 2: ;iiég (632, 8nm o) 7 )
FEX Ey =46
E, =353

—REFOEFRE 1 =9.17x1077
cm,/stat—Volt

rp, =2.1X1077
cm,“stat—\Volt
\ 1. 00% sss. 50n G =7 A0

cm,/stat—Volt

2.8 WEHRMBOBE

2. TDFM 2T LI XE MRS 5 7 &
TEAL, Y774 e Ny 25, 200
MARBERANLZON I, 127ERTIE
LiTaO,;, LiINbO, S e FEREIIHLEL, =7
EKEMEDOEHLHZD 2SR TR, IO
ﬁ%FﬁV@%F%?ﬁﬁ”ﬁw7<é@#@%

BORIFE 2 E e 550,

2.9 BHEGOHERE

DED & 5 i FHlifs R 2 BEEERIZ7 4 —F
Wy 7 LT, BRSNS A= 2D L FDEE®
T, %%%é@ﬁi?%ﬁﬁ%}’%b’( G 2 BIE
£D, FELERFECNREE TV, Z0F

&#ﬁﬁ*§m@74—hmy7w-7®@ﬂb
P, EVEDL D TLEREREEROEETH
3, RPLIOAETIE, REERFEHEET E
TIZREROFHEEBEEETZDT, HTL D
B TRERETE S LIRS,
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T3 21l Subnwefr7oxLv 7 bom
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T~ 5DV AZEHBLTERET 2 ART
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o8y 3 v RERABIEA AR S 256, SR
DHESEEEr o — 2B L CEECEBRCE
WL bD%, SV IV TYINMMESTELT
BETIZA VY —T 2 —ARLTRECRS, &
O, WAMEE LBk, T 5I5EER
BOLOERBT 20O I, 2 TIRIEEE
—488 (GP—IB) %#Hv, #NAMEATE BV
HZDHRS—2CHEE A L 72, £ » 6
DYAFLTHD, ZON—F 77 5EHTY
TET 2T ThLEN, Bnizsey aro biciER
TELEEF L —TFT 4> 7Y AT LAWPMS
—DOSTH 70T, ZDOSOLTE{CERET
RO 7T0r s L2EE, 2EEHO»0OH
WEY a—VIZSeL, E7 07T LY
HARRIC Lz, CORR, 7007 ADHAP
TN, BFELR T kot GP—IBD FF 1
NTO TSI Ty TEEHBL TS, ik
DEREED 72O 7T Y X AlE A PID
SRR ERE U, BB E— L — 7D

TA4—F e N9 « VAT ATHDIDT, ID
BEOLD TG EWEL2S, 2D LE
MBI, SEHOHBEE TV ILWERK
i, IhTrMEEbRL %5, FTEDRBNIK
HEHOEE LTS 12k, BEEOCPUEZ AW, &
ML EY 2 7 00S (] 2 1IFiRMX—86) &%
FRT2LENDE. ZLHEO7TLVTY XL
BRHIER I £ AIREER T 4 —F vy 7Y
PEAITEICEEDbNR S, BE, BB Y A
F LACIRMX—864 _Vv—F 4 VT s Y AT L L
NA TNy FCERERHEEL T, REEHT 1+ —
FenNwokickd 707 o0RFEZ2ED T
3. FRWERTHERECESH I TV -2 a4 L
OBENEITS 2 LT L D BNBEOZ L& I3
BENEMMH L, BEL DIFEREBEEELES
BTz L ARV >N T O WLaSERRE O
R, EEC LAY -y a Y ORBVHC
FHETE2Ebhs,
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4. LiTaO;HEELBH EDOW D2 DMES

4.1 ERFEORIRIZOWVT

BRSOk, BEFOBRESMICE > T
FHENSEH, BO LS 2—Ric 77 v F
DK E RBWETIE, Z OBEMRIEEERO
B L > TRERBELZT S, BRIC5Z5
R D & i D E R ASBIE T O 5EH R D 58
AR, THERBETROBEEZCL>TELS
HARROME L DG T, BICIREDOR
MO REEIC & 2 BEFREROBEH RS E 5
TenkiasnTwa, LiTa0sTid, ZORE

BEOME R0, BREETREILTRL,

WD REET BT, 2 DIEICEAS o EE
s EEOHAB ZRE AR s e, £

T DOEETE, REERSMRC b RO IEBERR RN,

INEENEOBEEENCLZA N ) -2 a T
HbH, COAMYT—yayRETIIERRE
ESHE R R E LT3/ EL ThiZ kv, BlEGHE
EARE T 5 & BRI BR I L TR
0, EEEEE RS T 5 ERERRIEEE I
SLUTIPR E 5, REFARASEE T L THPR
DFHFBIEIERAD HE &3 WEHRH 5O, EH
SHEZES (RERESM) KL CE&EEERT
2y, REREAEOSE I3 EESEOSIEH REE
Wi ABENE L, BRORUNRFEELPTL
%, fEo T—RIZE, FREPRSEIRICTL T
2RMRIZLTCEI LT 208 LW EEDNRSE, &
ORERR S IZIF—E®E IR, BlRCER
BIEEHE 222/ s L LTIT L BERE

T A,
4.2 #HROLLHIAR

LiTaO, % LiNDO, DB s E B, &
RO EFRR Y & Tz, REES S ¢
ARCIBPEER XL B Y, BREE 25 LY
32 Y3 AZE L, Kobayashi®ix, # 0piE%
HERFAE LT, BERORNEFIR S ES D
FRFELTBY, 2 DEHOBRESMHOIEM
ARFRMEIC L B TRALETH S EHELT. L
om0 T, AOIERAEOPREL TE 32 UME
WHRE D, EEREEZ/NE T 55, bk
NS LT, BANRMEDHEE THEEE
ik, 2592 LEECLEEL TS
BT & BmEI RO HERE T 2 5 ICRL VIEE
HEEI SRR E L O i L R OHRFRICTE T,
EEGESEEC 2 2HROLBT 2 T EHTE
&9,
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2) HHWEE, BABSEREFSIE, 3, 1 (1976)
3) S. Miyazawa, H. Iwasaki, J. Cryst Growth, 10,
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5. SE2WmML 7= 7)) F 788D FHE

B2 b s1, 52

5.1 [ L ®» (<

=4 7)) F 7 . (LINDO; : BEELN) ¥z, ¥
H, EHZET (s L UTHEs N, &
Mz tass (optical damage) %4 URETH
eahl, BEILEMCHRINL TV 2D
congruentfifl LNBEELTHD, 78 -7 4
DOWRREIEEIR T « v (FBERET 4 V5 ) Owafer
LLTHIHENRTWEDATHY, HEMITER
PEREIRTWLR YL, 1960F 8% 12, Bell
Telephone Lab. (USA) offige 7 — 10 L > T
INZBELEZ OB E» s BRI ESThh
FolT Sl b b, BEREK, HaEEE
#1, LNOEEEE, % OfESN ToMBRZELIcf
5 Curield O & (LLOEHEHOKE WA
CurieiREHEY), o NIHEBERETHS.
FOIN—7D1ANTHBEF.S. Chen (1968,
1969) "V iz HEEA R ER L L THLNLE 2
EERPEsMICLY, FORBH RO T Z T 4 v 7
YA E ) S RNCET 2RO H D Z L ER
L7z ESRLZDE2IRILER Y 7 L THS).
YIFOLNEFESOLFEIME IR HAD Fh it
NRE o Twiz L WESN S, JEITFREHIERE
BIAERL LT (Felky) ONESNnE
THH I EFRETEBEL»ICENTWE, Ly
L, T nELNESETRELz2 £
CHEUROLEPZHEL Mz IR TR, Chen

Pts, %< OFF%EE IC X > TLNO BHIFFRZEL
BT AP 23N TETHEY, Z15IXD0
T, B |A (1975) ), HIF, KA,

(1975) *9, Fridkin (1979) *9, B X U'=45
« B (1980) W iz X aRES D B,

LN YESERERFTE{t (photoinduced bire-
fringence change; PIBC) O##Ei1z o Tid,
Chenzl, Glassgii’c ©#3% %, Chen (1968) k%
DEALE HEROREERZF L L F BN
FER (BB L EFERL) £ LTED,
Glass® (1974, 1975) *"* L EBIKD RIWHLEE
KBS RAIESTHE I S &3 < buk
photovoltaic effect TtH s L L5, LilL, &
NEDOHEITTITHE T 2L B, K—
B —Z U 72 5 I 1308 L T Lo g 1 i04asd8,46.48)
Chengiiic U7 3 Glassgiic LT XEBROEFEHE %
BRI L TV ETIEEEL TE Y, HMEELIC
o THEITREMNB 52 LEBMYRD Z &
THA5, LrL, #OXREBEE XL P~1071
(Qeem) TEWVI/NERRETHY, TOEREIZ
10°~10°VE W I BB TRERETH>TLND
N RF vy 7 (F4eV) BEPICHIZ DK E B
BHNTHA., ZORFEFEEDp—ESHTH
& 11 % photovoltaic effect ¥ ZARERICEL 5 &
DTH->T, LN V7 B 5 (FR0 BRriIFESt
i) k2 b0 THD, Glass 5 (& “bulk
photovoltaic effect’ ¥ %717 7-,

a) LiNbO,;3{bZ EEmEER T 5 4 2%, Li,0—Nb,0s %482 B 17 4 congruent melting#f s ix 3L SEHHA L (Li,O/

Nb,Os=48.6/51. 4N TH Y, FIL I OMHBOITHECEGHES D, BELNEZ I >0k &0 RENTSE
FLTHLONTWLA, LNREBRIIBWT MEHER, = HHERCL—R3c (SEEm), 14 454 FEKEE, %% 1
S BRSNS T Tl LIz Nbe L & T 2 @R S IR (6 B »HA A L Tall AR EAER - T
WBH, FOEZDIZHR0LA G TS ELi-Nb—2—Li—Nb—ZE—DEFEIC 2 - T 3 | EROEE TIINDIE 6 i
RiAF v eHTEOMNLIE IEMNA 4> L Rans, congruentfak OLN @ §1&1250°~1270°C, CurielBE1210°+
10°C. (@k4, 5, 19)
by ChemiziRD Z 256 % LEISMICL TS, BEERE (b —+) 2cllCPITIC AST S ¥ & IZEITES S E 2 5%
W, CHHCEEICAS S L FICEIFREEARELES A ICH S bD, L — Y —E— AR ESRORATICIBE L 7
EECEERICEITER AL LS, SERBROBEICIELSB 5 wn. TOBRICDWT, BEERRITET
HO, RENETEOAPELL, HBRE LU TERIELLBI L, ZOFLRBEET 51213, E&EHNLIT0CLILEM
B 5, WEIKSE Y EIEMETHEE T L v,



FvIMBE)F T AL

AW T, PIBCOHES » #8392 LIEGw, 3
BLORE{L « BEILDIRREIC & » TERIFTE(LOZEE)
MIFRICEL L LW ERINEEELRT I L2 E
BEd%, fitk, TOREPHLIIZTHI LS
BELRTLLONLVLESTHS,

FFROFHIIROES DS, (1) HEEN
& % PIBC A B LR nic il ERER T & 5
EREHELEE (FERvFLEVE) 2EEL
729, (2) PIBCHIZEHET 28I Dw»T, B
%@P%%yﬂnwﬂﬁ%wm%£? 7% EDWE
BEfo7, 3) Epomt - Bk k-7
PIBCOZE@EhmE L S B b
(4) LN (undoped) TiZPIBCOfE X/ S < (107°
UTF) EH T2 2BETHo ot BILLN
FRFMBTELIOTHEVLEEDRS, (B)
WEETIC - T U2 PIBCO K & 2 S IBEHE L%
bZD: RBEESETES ;o&LN Fe (@
{EALER) BRI RIER 2 e MTE T 1 IR EDE
B (£@dumsEt) TRhal o7 4y 78R
Be L TR DHEERD L & B bm%(@
PIBCoO##Eic > &, LN : Fe gt - BiTikiE
X -T, BALL jo&ﬁ@@ﬁm%ﬁ @TH&
W E WD EMEE U,

5.2 ® M
JeFHEE T L (PIBC) WZFEEIE LT 0 &
TR T AICHELER L .

5.2,1 BEErAE
Hifgdn13Cz (Czochralski) ¥z & > TERB a
7o FRIEREEIE L, COyy NDoOs, 35 & U'Fe,0sTH
D, WIFNHEFHE. 09 Wt TH B (Table
2)9, Li;O—Nb,Os BT & 714F, congruent
O LNIZLi,O/Nb,Os =0. 486/0 SBl4E vtk T
HY, TOEEICEEEEY D A, FelEhiof £
k@ﬂbb?,ﬁ%%ﬁ&@@ﬂ@l®m%%?
IS sz (Table 2) @,

zﬂﬂfomz Lz,

BT
Table 1 Molar ratio of Fe-doped lithium
niobate. Fe = 0.1wt%.
Li,O 0.486 0.48534228
Nb.O 5 {.514 0.51330438
Fe O, 0.00135517 0.00135334
Total 1.00135517 1

The molar ratio of Li ,0 to Nb ,0 ; in the
congruent melting of lithium niobate is 0.486 to 0,
514.

Table 2 Starting materials for the growth
of single crystals LN (undoped)

and LN : Fe.
Chemical
Li.CO, Nb.C Fe:0
reagents
Manufactory Honjo Herman C. Koojundo
Co. Chemical, Japan Stark. Germany Chemical. Japan

Purity
(Weight %) 99.99 99.99 99.99

Molar ratio 0.-186 0.514 0.061355,

5.22 4 % =®
Congruent# 5 O LN 13 JE (L5 30004 B T &
HY, EBICER SN EROBEDERDIIT
HrLVOT, BoEFER g - iEsteRimd

tciﬁﬂ%{,{f“@;@g ZITREAEDFEEEZB LT
LR BT DI LD 2 .LNﬁ@Nhﬁﬁﬁ

BYI TN Nb—sited & % 5 & TEE W T
REFTSHE (Fa), krﬂihf%”y“%—
0.945525, x=2.972762) & 73 D, Li—site £ O
—sitelZ BRI RTEE T 2 A

—73, LN | Fe#i4, F€7J>Ll-81te Nb-—site
DOTNEHD DN DOTERFRN D 29, K
JDORFICHE - CFeliLi—site® 5 3 L RET
B T 2T, INDEEAREREZ B L
CFeZ iRl 5 2 FIREE % B> CA 2, 20
72O E K L TBERRIBO 5 »wFett & 743

©)  FAsE TS
e) A AR EL (Li,0/NbO
7}</}@ BT TH DB D B8, Li,CO,T
IBWTHBEEY A J}Wf'@tt CTwdBENLEH L
f) LN dxslocatlon@z{g i
G BT E i, %‘T 7S A

7.

g2) A ZVHELSDADBELETIE, Felgli—siteE 721dNb—site W FNICHLAD 5 5 TH A ).
=0.74, Li* (IV)=0.59, Fe** (VI, low spin)

Lit (VD

b & U R G S YR,
d) ff‘U” 7399 99%L)\T“C BEERE 7 « vy (LN) 2700805
5=0.5/0.5) DK H’CCzthU%ﬁ5 &, B

%é%t"(i%ﬁac%/tuwﬂtcw/

1034”/mm) I3 BEEE énfuﬂ ,
FEIZ L > THERE R T2 2 ki, 2OH

=0.55, Fe** (VI, 1.5.)=0.61,

ETHobIDHE
T HPEND B
rk[\’]"’, S0 LO),;X:»;. Er:

HITE AR

W & Lo TTARETS -

Nb* (VI)=0.78 A,
S (Shannon)



IR BT TR Fe s &

Table 3
Fe, by Czochralski technique.

BATS

Experimental conditions for the growth of single crystals, LN (undoped) and LN :

Crucible (circular cylinder)

After-heater (circular truncated cone)

Temperature on surface of the melt during growth
Size of seed crystal

Rates of pulling up and rotation for crystal growth

Melting temperature

Annealing temperature

Rates of heating up and cooling down in annealing
Size and color of the boule of as-grown crystal

Pure Pt, 50 ¢, 50h, 1.5t (mm)
Pure Pt, 35¢, 55¢ ,50h (mm)
1300°C in air

4, 4, 70 (length) (mm)

(LN) : 4 mm/hr, 40rpm

(LN : Fe) : 2 mm/hr, 30 rpm
(LN) & 12500

1050°C, 56 hr, in air

100°C/hr in both
206, 60-70 (Ilength) (mm), (LN) :
colorless transparent, (LN : Fe) :
brownish black or reddish black

Fe*ommE#2stE il L v (Li;O/Nb,Os =
0.486/0.514D Lz fEFFx ¥ 2), T4bb, L
Fe,NbO; D L2 6D ET B, ZDEE, b2
Rz, LizFed"Nb**03 (k=0.945525,
y=0.0181583) ¥ & *Li;Fe2* Nb**0% (k=[H
HI, 2=0.0272375) £ 5%, ALl EOFeiFnE
TIFEEPSLNE 2R 58 <, (LN : Fe)+Fe,0,
(or FeO) 2z Y DiRtHIC R 2 B8 ZFn3H 2. Feid
Fe*R2Fe** O CLNWIZ A % L fB&& h 2 23,
WINOEREFME & 223 TRHETH 256, €4
ZERELTY=0.0181583% L i kw, 20
EERICHIE T % Fel&E 13#0.68Wt% TH 57,
KEFZE T, LN : FeDFeiRMERE 20, 1wt%
W23 X2 WEEFEE L7 (Tables 1,2), ER
12, BRSSO XAREHT SR 2 R ER, LNOEA
BEEHELTWA I Enbynot, Fe=0.1
wt% B3 2{bF i LitFe, N 0% (R =[F,
$=10.002686, 9=2.976718 (Fe**), @¢=
2.975399 (Fe**)) 722, FeD S AiEEIZFHL
THAREFHI380ME 12 1 EDEE CTFenEET 2
Z kb, Li—sited f /R IE I BEALREF #1918
WZ1ETHY, O—sited SR kE I B FHI125
iz 1E0EETH 5. FedigE ixLi—site®0
—siteDRIBGEE L D BEDIITE L, 2O LI
PIBCoOMsHE 2 £ 2 2 L %12, FeDBERED & T
T2 eoBEEEBbE 3,

5.2.3 BESER

shoilllder

LiNbos: Fe

Fig. 1  Single crystal LN : Fe grown by Cz technique.
Czikic k> CLN&® X LN : FeD B4 2 F
gk L7 (Table3, Fig.1). BEF#E& (LN) 0ff
firidcE#iTh 5. ADC (HEEREHIEHREE) 1c LD
EEK20m D&% B L7z, FelRilD%E 3 &
WMOHEHAG| ERE LR Lizw L BT
DRV VEIN Tz, BERFPOEHETI B R E
SRR TH - 7243, as—grown B D @Iz LN
WEAEH, LN Fe @GR A ThHol, as
—grown LN : FeBi gL (boule) % K&
H - 1000°C » 7 HRIIIEMLEE L 7223, Z DBEME
PR TRZZ2 IR Eo1", LaL, BiRE
FIRICIZLE 5 B pIctBtasi Ao (18
EOr oHREAE L3MAENEELLT),
WADIERDILBUERECRFDH 2 Z b 5.
EROBES B0 ORBFR» S, ZORAE

h) » [Fe]x100/ {& [Li]+y [Fe]l+ [Nb]+3 [O]} =0.68wt%, [ ] IZET&.
) BEEIEILN  FepuBiokeE (Fe?*) 12H 2 2 L 2EWET 2 OBRINARZ bV EDHIG) 2,

S, |



g v NEEY F 7 AT 25

BR300 7o v BBEEEDLNRS,. 2D ik
TEAT 5,

5.2.4 BEEZONXA U BENELA

LN®D K 2 A4 > #E 2D W T i Niizeki 5
(1967) OFEMICHE L T 3, AR T,
F A4 UEEENBE2EHET 200NN TR
{, ZOENDOFES2TMRET 200NEHNTD
3, BANDEWINBLULN (Fed K 24 vid ¢
B T Ch S, CENCEELEHYID &2 HEF/

HNO, (1/2%4%) BWE THOMMAEa T 3 &
&,+c (00D EZEes <, —c (001) M|
R AA > OBOIES =¥

REghE NGB NDT,
ETEB,

. & ks %“ P | I Arek) 5
Fig. 2 Optical reflection micrographs of the etched

HREMOENDERT 2HIE 2052, 1D
B A CE S ImU TORKETH Y,
fbd 1 DI F R EDERS Th 2. HE Iz
A=) VRT3 BECREEOVCENOER &
D, FLPIBCRIERR L L TABEOES T
HoT, TORELTBLIREELATH 2, §ijE
(TR FERS | EAIciESO/EESHER L D
LR ENE DI L ZREDH DL L T4
T5 BRICE > TRBICERERA2 I L NTE
%), CORKBERILNICR 5722 & TR Ao
WEIC DWW T b C2E BRI B WV T —
HONDBRTH 2, BE BETHEEIE OF
A A AEEELIRAE SRR T o BIVRSRE O S S

surface in a thin section (1 mm thick) of the LN : Fe
crystal. The section was cut at the 10mm level from
shoulder along c-axis. The c-axis is perpendicular
to this sheet. The mark P is an identical location
related with front and rear surfaces.
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FEEAENEFIREIEL TR WEDIZELS b
DTHY, LNZFERBRERTCEI 2 BHEEHE
ieashsd, Zoini, £E508ETEE
s 5 FRREA AN I - T 15~20mmic 2 A Tu 7z,
DI eI, et (boule) 2 EDERS & D JE
WREGUIDICL CZDHEOMBREEHE T 2 Z L1
X oTHMrTE 2, Fig. 2138 » & 10mnEE 7207
BOWMYEOME (REEMEER) THs, F

Kalk a2k 38 S 1mDEgt] H FHIROFXETH 5.
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ELTW2 Zenbhsd, —f, Fig3idE» 520
mEEALCERYI D EOBERTH D, REICbiz>T
—RLBBRELSTBY R AL VELhDOR W &
Bbhnbd, ZOR—=Y > 7OFEERIZ, Fig. 40 &

I, RIFLAE+CTHVERELHE -—CcLi>T
WTHE—F X4 MbasnTWw3 2 b h 3,
K=V > 7EBE D.C.) FHEV~F+EV/nTHh
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Fig. 3 Optical reflection micrograph of the etched surface
in a section of the LN : Fe crystal. The section was
cut at the 20 mm level from shoulder.

(al)
Optical reflection micrographs of the etched surface in the 20 mm level section (1 mm
thick) of the LN : Fe crystal after electric poling treatment. The micrographs show
that this section has single domain in the whole area.

Fig. 4
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Table 4 Samples for the measurement of photoinduced birefringence change.
Thickness of
Sample No. R s o -
(boule No. ) emarxs in section
plate
1 (82— 0) LN (undoped), colorless transparent. 236 (um),/
2 (82— 0) LN (undoped), black color. 236

This sample is the same plate as No. 1, but it was reduced in the

flowing mixed gas of H,/CO,
hr.

as-grown, brown color.
LN :Fe (®
yellow color.

(=10/10 volume ratio) at 1000 °C for 24

418,/ (100)

418

This is the same plate as No. 3, but it was insufficently oxidized in the
flowing mixed gas of H,/CO, (=1/20) at 1000 °C for 24 hr.

LN :Fe @
slightly yellowish color.

5 (82—1)

418

This is the same plate as No. 4, but it was oxidized in air at 1000 °C for

56 hr.
LN :Fe @
colorless transparent.

6 (82—1)

86

This is the plate polished into 86 ym from 418 zm (No. b), and then it

was more oxidized in air at 1000 °C for 56 hr.

7 (82—1) LN:Fe®

black color.

86

This is the same plate as No. 6, but it was reduced in the flowing mixed
gas of H,/CO, (10/10) at 1000°C for 24 hr.

Oxidation degree : @>®>@>@>® (® : the most reduced sample )

H bl EEIC LY, ¢ BN TFATICUIETR
BEL 7o AT IR fh 2 PIBCEIEB R & L 7
(Table 4), FHEROEA (d) DPERZEIZ 0.5
umTH 3, RICRLE LD Ed=236um, d=
418, BLUd=86TH Y, VIRMEX c B FIT%
(100)ETH 5. Y AREEERREXES VT
BICE o TEDT, BEITHNS LI, dDKRE
WHBNERITAESTEERERNES 252, BB
{t- BRALEETY 2L 238, BLUER
shict s 2 BIEN (He—Nelb —¥) DFENE D
BEED & d /& < Lie, B{b-RITHERNEL &
TR T PN B -0 d <500umiz T 5 SHE
Kh o,

LN FeicBIL Tl &< F—0 AR &k &
LT#EDIE LA (RRRE S RO EE %

BENZ»STHB), T2bb, TabledicBis
T, No 3 (as—grown) #» oNo 7 ~DJEFETPIBC
HIFEEER 21T o7z, BHE & KR TRICERITRT
& 2 2 1000°CMEB % {T> T\ 3 D TArr — %2
L BNRBENPFHBNIRS Z E R HEEIRTVL S

(BEDb). No. 6 {ZNo 5 ZHEEIC & - Td =418umb»
S5d=86pm~\EEL LI bDTHY, Bbrsxds
i RS SR NI =: X

Fig. 513 5UEHE SR OB E (transmittance)

T#%, Fig. 6i3U0oLE (absorption) A %7R39,
HhohigE s iz Table 40P HFE 2w —5 3 2,

Fig. 5108 T, No4 50RO BIER 2 E08 L 7228,
HARGGIOHRRICIET 2, »Ihoiy, F
ECE, A=310nm (4.00eV) 2BV T =0
ELTBD, ZOBRMSOME (4.00eV) kx> K

i) Recording spectrophotometer D3¥¢IEO 4313 HEFIT &
HRMUTEn, T=l/I,

I/L=exp (—a +d) 124 > Td=418DTHEICHE L 72,

EBFTY XA L > TWBEDT, BEADASEITIHENLTH
A=log (1/T). Fig. 539+ RCd=418umiZBEE AN ETH 3.
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Fig. 5

Optical transmittance curves of LN and LN : Fe recorded with a spectrophotometer.

The numbers noted on Curves correspond to the sample No. in Table 4.

(7)

—
f=2]
~

Absorption (arbitray unit)

2.66 eV

PR R
450 500
Wave Lenght

BSOS

400

P PO SRR |
340 - 550 600

Fig. 6 Optical absorption curves of LN : Fe

with a spectrophotometer. The
numbers curves correspond to the
sample No. in Table 4.
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5.3.1 PIBCAIT®E
BEs (YTl /K “PoZEE % PIBCHIZE D H

IcES Zowdns Lz, #oEs2Fig. TIoR
9. R 28 EE S - ¢, He—Nel —% (2mW

5.3

k) 7 bOdisiT s Feigfr, valence band o vy FiE, conduction band FHEED /Ny PSR P ARBLTH
D, ZEDHBRER FOBEGEIIEYI2E2 Lo TFe#fi 2E 0 5 2 4 DTk 72w, LN | Fe Rl FesEfr 13 con-
duction band Tl & 0 F0.62eVich % L b T w3, F7:Fe™ L D Fe OB ELTEMERSICH 2 £ bbh

T2 1446
) Bf-&Eiww kD, LN FenFeizFe®,
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Fing. 7 Block diagram of the apparatus for measuring the photoinduced

birefringence change (PIBC).

The diameter of Ar-laser beam on sample is 1.5 mm. (1) He-Ne laser
(632.8 nm) ; (2) beam splitter ; (3) shutter ; (4) polarizer (calcite) ; (5)
diaphragm with 1.bmm ¢ hole ; (6) Faraday cell (+ 0.6 oscillation, 370
Hz) ; (7) & (9) quater-wave plates for the ray with 632.8nm wave length
; (8) sample (single crystal plate) ; (10) (11) (12) & (13) diaphragms with
4 mme¢ , 74, 7¢, & 15¢ hole respectively ; (14) automatically
rotatory analyzer controlled with microcomputer (1.6°/sec response
speed) ; (15) interference filter (632.8nm ray can be transmitted while
488.0 nm ray is cut off) ; (16) photomultiplier ; (17) digital indicator of
analyzer angle (0.001° in minimum), chart recorder, and microcomputer

; (18) Ar laser (488.0 nm) ;
desk of iron casting.

%, WE632.8nm) 1 XArv—¥ (2 wik, EE
488.0nm) 18 & TH 1, HiH I EHTRCEE AL
B, BERZOEEHERTLLODONETD
2™ EIEEHT ¥ LT (sénarmont) FHEVIZ
LoTWn3, HERELED2DILFENE
S AaESFRr o Twa, Thbb, €7
L VIR, BRI, SEEUANMI4—8—9—14
DAHADEFIT I VA, FOREFRERSL 2D
Fo6—7—16—17TDBINAS LB L% 5, BEIEE
METF USRI AEREIZ0.001THh Y, TV7
NEREHCT F o S ER(F v — MEEOREE)
LbTE S, HBFEEEIOEROTH 7 4 VY
15/& He—Nel YD & % %18 L Ar i R %
W 29, BV —FE— Ll B—0NKER
TEEHE SR 8 WWEE WAL T 5, 7, 9idHe
—Ne ENT 5 1/4EER (1/4A1) TH 5.
7573 F—kn (F.C) 62X -> T ASNERREN

(19) mirror ;

(20) shutter ; (21) flat surface

DOFE #iRE) (0.6, 370 Hz) 29 20DT7
BLEIR B, Tihibb, THEELEVESIE
B2 ZI2 W B W TE 8l c il & 2345 5 T

% (45°+0.6") DT 9 OEEFIEHBARLICZ
BR»dH s (CFrEVEOHMIZRET)., L
L, (MBEETIEESREL T 9 DERNLIT
WICHEBRGIC RS, 202 LR ERET v
L (Poincaré) K FOFR#EE T NIZHEETE
27 6, TERHET LI ENIOEBEDHETDH
VERESEONLIEBETHD, HEZTFOEHS
FHCDWTH 5P LT 5,

Fig. 80 & 512, XFERFOEFIZ1][II]D
2N HEEZLIENTES, MPTFiIEH
i, S EMEERT, B0 FizLN oGS
cHyAFEIE -T2, BEdo L, v
%V&T@E&ﬁﬂ@Fitisti%%&f
I3 Ladniduig gy, BhicidtEsis

m) He—NelL —¥% (2mW) ko7,
> TEMCFDOELEEL B,

KERFOFEHIEHFECEE L R0, N4 (Table 4) T3 EERIRST

n) LFLECETEANEGELOBLR Y PAECH L TREO c @iz EHIT TH L.
o) FW7 4 AFIZREBEGYIEMERL TV 5IBHE*ECAr —¥2 3 EBLTLESOT, FRBETHT 2

DSBS,
P REEEICE Y R— AT A2 EB L EE Y R—MIT
BETATOHERERTIARETHS,

AEFELECHNORE L F— BB ohano T, EAO
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Fig. 8 Alignment of the optical parts.
[I] Faraday cell (F.C.) - 1/4 plate-sample-A /4 plate ;
[11] sample-2 /4 plate-F.C.
The F and S denote the “Fast axis ” and the “Slow axis ” of sample and A/4 plates
respectively. The E denotes the oscillation vector of incident linealy polarized ray. The E
crosses at 45° angle to the F or S of sample.

{11)
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Fig. 9 Fluctuation of the value of birefringence.
The sample is a calcite with the thickness of 3.074mm
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Fig. 10 Photoinduced birefringence change (PIBC) of LN : Fe irradiated with Ar-laser beam

(488.0nm).

(a) In the irradiation ; (b) after stopping the irradiation.
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Table 5 Photoinduced birefringence change, ¢n, in LN : Fe
d P Irradiation —QON Irradiation —OFF
Sample No.
(um)  (mW) Sno speed to no §no
(3) LN : Fe @ 418 12 largest fast gradually decrease

(4) LN :Fe (® 418 12 slowly decrease
(5—-2) LN :Fe(® 418 12 slow unchanged

(6) LN : Fe @ 86 12 unchanged

N LN : Fe ® 86 12 smallest instant. instantaneously zero
(5—1) LN :Fe(® 418 3 The values slowest unchanged

5—2) LN :Fe® 418 12 of dno unchanged

(5-3) LN:Fe® 418 20 are equal to unchanged

(5—4) LN :Fe(® 418 30 one another. fastest unchanged

d{um) : thickness of sample plate. P(mW) : power of Ar-laser irradiation (488.0 nm).
éno : ultimately saturated value of én on the Ar-laser irradiation.

k=S OMBEREETHS). T, OFFER
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Table 5Lz, 4 (um) FEHEESKROES,
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Fig. 6 (b) Electrical resistance of the
proton-or the deuteron
~-implanted TiO, at

temperatures from 400 to 500 K.
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Fig.1  Single crystal grown by the FZ method

-ray diffraction method (below.)

%, (QVERVEENemIA (HK @ A) TR, EEA
EMMgTIOEUEEITH D, LT (6 %iE
) MeTi, OB Ens L T3, (3)LEE—
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Table 1. Analysis of single crystal by
EPMA. MT and CT indicate

calculated ualues for MgTiO,
and CaTiO,, respectively.

Mg(wt%)  Ca(wt%)  Ti(wt%) O(wt%)

a 20.15 0.06 40.85 40.53

b 0.29 29.701 34.81 32.81
MT 20.22 — 39.85 39..93
CT = 29.48 35:23 35.30
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Fig.2  Composition-image and line analysis of the middle part in the single crystal of MgTiO,-
CaTiO; by SEM.
Line analysis was taken along a line 1 ; the curves denoted by Mg and Ca show the intensity
variation of scattered characteristic X-ray for Mg and Ca ions, respectively.

Fig.3 Composition-image of the sintered specimen, 0.96 MgTiO,-0.04 CaTiO; by SEM.
There exist two domains, dark one (a) and light one (b). Black domains are pores.
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Fig.4

Equivalent electric circuit (D) for
the system of MgTiQ,-CaTiO,
and dielectric composites (@~@)
corresponding approximately to
the circuit.

Hatched parts indicate CaTiO,,
white ones MgTiO, and black
ones electrodes. v denotes a ratio
of the volume of CaTiO, in the
total volume.
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Fig.5

MossL

Composition-dependence of
dielectric constant in the system
MgTiO; CaTiO; .

Dielectric constants are
normalized with respect to that of
MgTiO; (&).

Data B and O show experimental
results reported for some ceramic
specimens and for the present
specimens, respectively,
Notation 1 and 2 indicate the
respective results calculated from
equations (9.1) and (9.2)
described in the text.
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Fig.6 Schematic projection of
orthorhombic tungsten bronze
-like structure on (001) plane,
with related tetragonal cell shown
in dashed outline. A,-and A,-sites
are occupied by K* ions and C
-sites by Li* jons. Niobium or
tantalum ion positions are at
centers of octahedra and oxygen
ion positions at corners of
octahedra. Arrows indicate
interchannel holes.
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Fig.7 Impedance plots of K;LiNb,O,;
(left) and K;LiTas0,; (right)
with 1ionically blocking
electrodes. Values given outside
the figures represent bulk ionic dc
resistivities in ohme+cm and values
given inside the figures represent
frequencies in Hz.
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Fig.8 Plot of log (T-G)~" vs. 1000/T
for K;LiNDsO,; (KLN-2) and K,
LiTa:0,, (KLT-2). Ionic dc
-resistivities G7! are obtained
from frequency dispersion of
complex impedances. Broken line
indicates ionic resistivities of
single crystal sample KisLisNb;s
0,; measured by applying ac
~electric field perpendicular to ¢
-axis.
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Table II. Activation energies E and
attempt frequency v, of K,
LiNbsO,; (KLN-2) and K,
LiTas0,, (KL-2). E,, is
estimated from longitudinal
relaxation time of "Li NMR,
E,, from transverse relaxation
time and E; from ionic

conductance.
E.(eV) En(eV) Eo(eV) v(Hz)
KLN-2 0.29 0.22 0.70 2.1x107
KLT-2 0.33 0.13 0.81 7.8%10°

Intensity (Arditrary Unit)

12520 12525
{ |

Magnetic Field (Qe)

Fig.9 Line-shape of Li NMR in K,
LiNbsO,; at room temperature.
Marks ¥ and O indicate results
calculated for Gaussian type and
Lorentzian type, Trespectively.
The Gaussian type fits the
experimental result fairly well,
suggesting that relaxation is due
to dipole interaction with
surrounding ions.
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Fig.10 Longitudinal (7, ; above) and
transverse (7, ; below) relaxation
times of Li-NMR in K;LiNbsO,,
vs. 1000/7. T, denotes
temperature where relaxation
mechanism changes.
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Fig.11 Longitudinal (7}) and transverse
(7,) relaxation times vs. 1000/ 7
for Li-NMR in K;LiTa0,,.

horeEronsd, 0L ROEERT w
FREINZELDE 20N EI L HEEL
T,

REaEEN R BAE—KA T OB B F ¥
F IV DR wanel, Tietras Tpenta & D D RE NI &
Mo, B D TELALA A RLITTHS L
EZzohsa, Lol, LitOA 4 U Rr e i bR
LCHYREWEEZL>TBD, LIt A v iEF v
ANCEAOMICHB ANV EB> TEIWT
wWiEEZONE, ZOFvANEOBED
NMRCEHE s HEIHNIELTWwE EEbh
5. Lol KM A0 EET2AF v A VIEE
MWRE L, BO/NSWLITA L VI TREETH BT
0, REEEZEICIZI D RELERESZ 2 540
ENhDEH, FOREA L MREEOEMELT XL
F—RNMROBMBHOBEE Lo AV F—& D
KREL D EEZBHND,

8.3.6 KNbO;—LiNbO;, KTa0O;—LiTa0;

ROFEHEENE O

~a 7 AH A +EFEEARKNDO;, KTaO,i
W AFA NEEEERERINL T ERERAE
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BICE B4 4 OSBRI L > T & fEmS
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FELLLEY T H % K LiNb(Ta) ;05 % FEFR ALK
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9. BAR M EK(La, Ca)MnO: D E R

Rk

9.1 F LI

(La,_xCax) MnO:; % O {5 E 3 5k 13 Von Santen
¥ JonkeriZ & - T19504EIC 50 TSRS X
BN & b 72 > TEREE IR E A
SEBEINCL S ZEMREEN, —HERLELD
A U3 T Wollan & Koehler? 3 ta 7 Bl #7412 &
DRSNS P HE L LaMnOs iz A ¥ 4 70D Kk
T H % HCaMnO:BE ORI & & b I EEkE
Hicm s Z 2 PSP, ZOIDDERIZ
BELRCEN - AR - ORICHEBERERS D 5
ZEERLTVS,

De Gennes®i3 Z OEEM - R A IEE O FHEIEE
FREVET 27D CHHEFICL 3 BETHREA
EREEEL, ¥ vV T7TREOEIMCE b >T
WERIMEE DS R gt - S55ERE - W L
T5 2 ERERICR L7, BOE T (La
Cayx) MnO; % O ESURE M & KR HEE OB OB
552 IZBIEHNFED A = A L% L BAL
Tw 3, FARTO&ERLY (LaMO; ; M=
Mn, Fe, Co, Niiz &) CTEFHE I EE %%
BRIGLTWR I 2EZ 5 BHEFRRET

5 EEZSCHEN DL L EDLE DL BTV,

Lo L 20BN BB EEROE 2 13+
D % Manitova X% O W3z 7 v — 7, Kubo &
Ohata®iz & - T & 0 B 24T & u(La,-«Phy)
MnO, D EEEFER L s Tw 5,

KF ORGSR EORFEE AT 235 LT

TEZHEHEFROMIC b 5 — 2RO D B,

Jonker®\Z x ORI & & 7 S R O KBS HE
HEFOEEI L 2D Tidz { Jahn-Teller3 R
WL DRERBEOELOBRTHEL L LTS,
i (LaxCax)MnO; L R UE FHE % b ola
(MnixCr) Os DREE 2 752 L x OIEINIZ & B
7% o CHESREE ML U KRR R D & SRR
DEAHEED Z L E2RLT RS,
Goodenough”iz L Fo =27 s k4 LB

5 A RENEEDOILE % £ Y Jahn-Tellergh i1z
L BEEEN L [LOBRTO ZERZRHEER O
TOTIDROEE, BEEHBELEII ELTw
5.

AE TR O ¥ — 72 B (LassCao.)
MnO, DL, B3R, BLREERE, HEOHERS
RezhoroBoNMEESS LV SEMTD
F v U 7 ORBELRE, EREEEECDWLTR

~ %) . 8)~13})

9.2 HEeRmcFrIs2)tE—2a

M

9.2.1 BE¥n{em®

HUWFEx A THESmOE—2E k2 &8 L
7z, HFEER%Z (LagsCarz) MnOsi2 72 2 & 5 FF
HULBEBTHERLRBC KRB MY Y LKE
WEBET LI LICL>THIW LB, Boh
fe ik R oKL LEEBRZE R HT700°CT 1
BFEIRGS ¥z, 5 1 RICERERY DS
BRERT, MEDF YV AL LT Y ORADER
5N 2HE SN EYBEB O > Tn
52 EMbhhrd,

F o HMETEE L 7 EE (CP—20) oS
LI F B 72 B O B RIS TR O B

(SR—20) &L,

Table 1. Chemical analysis of (Lags Cag.,)

MnO:;.
% Values calculated from the
chemical formula, (Lass Cags)
MnO;.

Tons Wt.%

La 49.6 (50.0)*

Ca 3.6 (3.7)*

Mn 245 (24.7)*

Na 0.28 (0.0) *
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Table 2. Extinction rule of (Lags Cag.) Table 3. X-ray diffraction of (La,s Cay..)
MnO; prepared by the wet MnO;.
method. a) Miller index of perovskite
Reflections in the above column subcell.
disappear when equations in the b) Miller index of monoclinic
below column are odd. cell containing eight perovskite
subcells.
hkl okl hol  hko  hoo  oko ool ¢) d-value calculated by a=c=
h+k b wi  h+k % 3 / 7.759A, b="7.745A and £=90.3 ".

d) Normalized intensity.

H K L% h k 1® dobsd)  dcaled® 1@

9.2.2 BFREI DR

B1ECHEETARLECP-N0BFRE L 00 [ 0, 0 2w 2o
FO—FlexRT, BIF/ 8 —2h o RESNIH] 0 2 1 346  3.465 i
WENZE 2 ED XS s, ZOHIERI»SCP— =2 0 2 2.751  2.751 35
008 T » ZEBESEMERCHEComTh s 1 10 L S T
TEBbh b, FIMETEAR P VORS b #Es BB wER W

) —1 13  2.339 2.343 2
5RO NI TFERa~b~c~T7. T3AITHAL 4B 5 ame
BFED/FHDORT 7T AAA N e T2V ETE i L 3 2.336
TWBH T EBFLTWS, 1 8 1 2.335

9.2.3 MR XHREHF OFER B E {~2 2 2 2242 2.243 14

X 4% 4 0 I 2 12 77K ~300K o0 i & 3 B © f) (2) i i;ié igig ;(7)
= . s o = e E=—=1 Lo — - ; ;
ffofk. BIRCERTHELLHRERT. & 200 { . E o o

=9 0 4 1.733 1.739 3
’ 0 2 4 1.734
2 10
0 4 2 1.738
2 0 4 1.731
—2 2 4 1.586 1.586 17
2 1 1 {2 4 2 1.583 1.583 28
4 2 2 1.580 1.581 14
2 4 2 1:581
—4 0 4 1..375 1..375 3
2.8 0 { 0 4 4 1.370 1370 13
4 0 4 1.:367 1.368 8
—4 2 4 1.295 1.296 1
—2 4 4 1.294
2 2 0 0 6 1.292 1.293 2
300 06 0 1.291
2 4 4 1.291
4 2 4 1.290
-2 0 6 1.229 1.229 2
{ 0 2 6 1.226 1.227 7
3 1 0
2 0 6 1.224 1.225 5
Fig. 1. Electron diffraction pattern of ( 4 L208
La,s Cao2)MnO, prepared by the -2 26 1.169 L1 2
wet method taken with 31 1 {‘2 6 2 1.169
accelerating voltage of 1000 kV. 2 2 6 1.168
Reflections (00 ¢ ) with ¢ =2n +1 ) 1.167
are dynamical ones and primarily —4 4 4 1.122 1.121 2
forbidden. B { 444 1119 1117 3
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Fig. 2. X-ray diffraction profiles of (La,s Ca,,)MnQ; with cuKe radiation.Left; (111), right (211). Solid
lines show results for CP-20 and browken lines those for SR-20.

DOERFTTKE TIE L AYEY ¥ LEREERE
B TIREES SRV I EERLTWVS, 82
BizCuka#ft CBRBEI L Ieca T A4 b« $7 &
Lo (111, (211) REOEHT 707 4 — V%R
7. CP—200 EITAR (EBR) BHBL Twa
SR—-200 Efrig (W) WE—Y—2Thb,
D& EHVSR-20DBEMETIIETERa=
b=Cc=7.730A% b D FdhEiERTE3, It
WX LCP 200 B F X BB FRREHT O R &
—H LT THERRRCBLEFEEa=c=
7.759A, b =7.745A, £=90.3°rKE 3.
2RISR IND & 5 XEREHT O Mg i
CP—20TA~0.18°, SR—20TA~0.29°—0.33°C
B5H, —RCEIEO L T 5 REIEEANICEE
T A O —ERNEE 2 SWRET 328
I TSmO —HICEE L TEDRE
ERFHEYT 3. BraggmikBlE KEHIZ DV TH
ST L
6d/d-Sing+ ¢g-Cosd= 0 (1
L d, 26k Bragegf, dREHBTSHS,
S0=At BT, ACosf#Sindizf LT 7y b
T3 ERTFEROES EA/ d»Kkz3, 3K
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el
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5
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i} I 1 i

SIN (©)
Fig. 3. A cosfd vs. sinf in X-ray

diffraction of (Lags Cag,)MnO;.
Marks [ represent results for a
sample prepared by the wet
method and ] for that done by
the dry method.

12ACos8~Sindm 7 u vy + &R d., JonkeriZ &
NIEAZFR T Vegardfl

d=dy+vyex 2)
DT 5, & 2Tyl LaMnO; DI FERL, vid
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0/G

TEMP./K

Fig. 4. Magnetization of a monoclinic

phase of { Lays Cape)MnO,. Marks,
@® and O ,denote magnetization
under H.= 11.16 KO. and
spontaneous magnetization,
respectively. Lines——and —-
—are respectively sesults
calculated by Brillouin function
and by a double-exchange
mechanism with T . = 236 K. ...is
a curve traced smoothly to agree
for experimental results in the low
temperature region and to become
zero at T.. T ,show a temperature
where the resistivity varies
rapidly.

EHTy=—0.18ThH 5, Lo THESMOEE
DKESSXPKRE D x(CP—20)=1.7x107%,
OX(SR—20) =8.2X1072 & 2%, IOfEEMSH
WETER L 75O Rt 2 BN B E O
BEAERIG TER L 23D 1/4~1/5Th 5 Z & »
b b, ZOCP—20DME A OB — il
HWRANEE, BROEEOEE 2 Y v — 12T
BERNTHZ EEZHND,

9.3 Wit LE"

EFENL, MICERRE 4.2-T0KOHH T
HEL. BIER Y 7 77—z AR 2HS
HISEIL TIT o 7o, BBHEREER (= 7 VgHR) %
AOWTEBRELZHELESCEBONTEE»S
La**, Ca**, Mn™, O 1 4 > O KD HE %
EZLFwi,

F4XizCP—-200H =11.16KOe Tt ¥ &
FRML AR T, Mz ERXBREE/ERY (DEM)
& 53T (BrillowinBS%y ; BF) O EHER Y

-5
T ka4
g
5
S F3
A
T

F2

-1

400 600 800 1000
1 1 t 1
TEMP./K

Fig. 5. Reciprocal susceptibility of a

monoclinic phase of (Laygs Ca ,,)
MnO; versus temperature.
Diamagnetic susceptibilities of
La®** ,Ca*, Mn’" and O*ions are
compensated. The solid line shows
a result calculated under an
assumption of the formation of
magnetic molecule, C ,_Mn**.

R~LTH 5, EHEEIGTERL 72327 &SR—200
Wb DEM & BEORHEFEROMIZAIEL T 5,
BHBHECP~200 B R ZSKAIZIZIF LAY
—ETHEPERED LFICHEWITIK £ Tid thEg
FHRZ IR T T =190~220KDEEER TR
WEAT 5, ZOBRE PSRBT 25
EOET D L ENAES A LT Ta=208Ka K 2
3, UL LUEBCEHIEEESHEELET 2 8HEF o
D —AigTe=236KTH D Ta<T<T DEEE
TibThRn s BRI EFL T, CP—
200 BRI E 0KE/MET 2 E—XA > b &
LU Cltexp=3.T2us 2%, Mn* (S=2) £Mn**

(S =3/2) HTREEERNCERTI L TWw b L3 5 L1
f[E— A2 MMieare=3.80us &2 5, EEATE pexo
X ZDEDIBRTH S,

CP—200 Wit X x % % 5 Kic = ¢, Curie
~WeissBIZ it 2 W Ex "1 (T —6) WHFIL TE
LT 23T THE2PARDGBERREEKT

(TPl T, 22 ToRERYE
F a2l —EETH=214KTH 5. HeisenbergfEfl
2o FREESNLEFEERILL.33TH D ERAITK
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R/Q -cm

— 0.01

1000/T K~}

Resistivities of (Lags Cags) MnOs.
Marks,® and [J , denote
respectively results of monoclinic
and cubic phases. The former
varies rapidly at T=T.,.

Fig. 6.

D ENFEHLICIF-HLTWw3, Ll
Heisenberg D RERBEEFA ST OE EET
D AFILT 5Dt L (LagsCag,) MnO, D EER
ET=0~40[LEFEATHILL TB Y RRDOERE
WREME RS L UTHIRT 5 2 LG HRE Y,
BEoHMOHMOMEE XV EHR—THFEPy
DEUHTE 5, Fl2 L, PaDfEIZ T =273KTPu=
7.1, T=873KTPu=4.9TH%, Mn* 1 F > &
Mn* 4 & > BSHE ML T 53R (0.8
Mn**+0.2Mn**) 2{RET % L BRI FEI
Pu=4.71t7% %, ZOfEIZT=873KTHAIZ 1
B EIFIEF—BLTwAS, L L T=213KTEHA
ENZERCOELVEERTKEL, ZOHEY
ZOWTI I —6HiTRDTEET 5.

9.4 BREEEY" L BEEN™Y

BREFEOREREE Z MR FETHE L.

wE g 6 icRd., CP—202SR—20DEBLIE
BEOIESOEIBBLIZHEAUTH 5B T~TAF
SETR PR DEE > T, §iEI T~T. T
B2 ~JEREL B IRV ERTVIBRETEZ
B s, ZOCP—200EHFEO AL B
v toaEEEMCEEL T T T~ T
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Fig. 7. Thermoelectric Power of (Lagg

Cap.z) MnO; vs. temperature.

[ . sample with monoclinic
phase and O : sample with cubic
phase.
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ThR—NVIEZIERBALLTBVEEZISBNTDH 3,

QOT~T, THEMFENEbNF N L BRI
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SHHEVERER, 2 ZEAEL M/MdBitgft s
T TH 5, WULIZE 4RICEZ SN TS

58=2, z=6 BT J]=_8cal/molmnEs
N5, ZOEZEAWTHEEBZTE TS LES

HMEHO L I3, ERELO—HEFTSEL
T=208KDEEPHiRLBEEETHE I L%
RLTW5, FNHICZDEBIEEEEOEL
EEbLLWET - BWEHBEDOZEL (TRER) T
hbrrEZOLND,

—FHESEBROC—7 OB 213 AC=4.2R
(R=2cal/mol) LK ¥ %, BHZL S FELMD
AC=2.3R(S = 2 0iFE), ZERHAIERY
AC=4 . 8REFHET 5 Z L Hh 55 DEE BT
MEERIGEOCHEAEEIERARRIIL Twb &
Z5N5B, ZOZ LIRS 4K TDEMABF L D E
BMEIGEOZ e s L FEEIN5,

9.6 FvT7nRELLGERE

=i T=T, TRTELT % L B2 K E
TRINETANERERE L LA —VDFE
TEALIREEIC DWW TR,

9— 3Fi TN & 32 T =273KD B i+
HiZPn=7.1T»H D Mn*>H 2\ igMn* 4 7 >
EFEENAMEEDEENICREY, 2O LR
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Fig. 8. Heat capacity of monoclinic (Lag.s

Cag,) MnO,. The broken line
indicates a lattice heat capacity
calculated by Debye model, and
the solid line a summation of the
lattice heat capacity and a
magnetic heat capacity estimated
from experimental results of
spontaneous magnetization.
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(6)
rEE2, Z2TSHEC—Mnt DAY TS, =
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E
\
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Fig. 9. Energy diagram of a hole in

paramagnetic region. S and X
respectively denote spin and
molar fraction, and a mark, +,
represents the hole.

Schematic model of hopping

conduction. a) A hole (left) forms
a spin molecule with four Mun®**
ions; b) the spin molecule
decomposes by thermal
activation; ¢) the hole forms again
a spin molecule at another site.z is
a time for the hopping to occur. O
Mn**ion, @ Mn ** ion, ® hole.
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