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Table 1.1 L —#—#EHI BT 5 AHELIK

n, v K a E ST Rr
[x10"esu] (WiemeK]  [x10°K']  [kg/em’]  [kg/lem®]  [W/em]

<Glass>
Sio2'? 1.45 0.95 0.17 0.0138 0.55 7.19.10° 500 14.5
LSG-91H'? 1.55 1.5 0.24 0.0103 10.5 8.89-10° 10007 0.84*
LHG-8" 1.52 1.05 0.26 0.0058 11.2 5.1110° 5507 0.41»
LHG-10"» 1.45 0.58 0.30 0.0074 15.8 7.39-10° 5507 0.26°
HAP4” 1.53 1.25 0.236 0.0102 8.5 7.02¢10° 2.0°
<Crystal>
YAG!Y 1.81 4.08'" 0.25 0.13 7.8 31.7-10° 2000 7.9
CaF?’ 1.43 0.6 0.1 33
S-FAP'® 1.62 1.6 0.02 10.0 12.1-10° 0.49¢

*1 LSG-91H (BEg# 5 A) . LHG-8 (B¥EE# 5 R) . LHG-10 (FhiBE» 5 R) | HAP4 (Bt H i1t
RERE Y 5 2) DL EHOYARR &H B, '

a) ED-2 (EEEEAN 5 A ; Owens-Illinois) DE* fEH,
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i v >200[us) CHNIEHREFER FIAN—D LV —F—#E L LT HHERDOTHE
WS ) . LDEHEA R, BEBIEAA, FRAGHAR LT EALH#HRT 3EOEE
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EHFERBTEFYH A A HT v + OEBHVEM ., BEVICERTRTH LI LA
RENTWS,

BRaRL—Y— FSA4NN-0EEL L THIBET 5461013, KEYLASTEE 2t
BTHEIENEF LV, L —VE—2DE TRV MEEERBLELTLA
CELI0emBEDY ¥ TR ETH DY, RV —F—lHRHE LTFIFSIhTE
BbORKELFITTHRRDDDE, FTIRAZRDLDHW H B, &SRO EHI AR
DME E2BIZ L, WISH T ARDMEHI R ISR BEI /D SV, EH 55—
BE—EHh., KL BREFSAN—HA4X) LBETHIHE RIS At
Bixe ol AEEIF I ARME THL-OICEENSER Y RoF T TR



FI1E #w

ALDSTEET, LD RBICBTF L) ICRICL iRV, ZOMEHIING % EDiEMHA F
YR F—FTHEENL - —HRII R A RS DH B,
DEORICAEZBME LA V- —HEIBRMER FIA - IIAKSNh 55
EHH DL —F—HEE L TENLRBEHEO—D2TH b, KELETINE TCORR
DEBIZOVWTIRYED, AEEZBHE LAV -V -BHEORREICBITAMES:
oM T 5,

§1. 2 AEL—YV—HMEHOBAREOESR

1.2.1 18 BREICLP8EL 207 70— F(1973-1988)
BREEIZE B 7 70 —F1319734E, GalantFE "D 7NV — Tl X o THD bhiz,
W S DELER % B\ BRI ELICERIE IS O WTHBIT 57

BRAEIZD o DML T ABETITENICHERAEINTWE T 7 AR O
TRD oL DEREVEL . A SN FETHS, BRETIE, TTH7 XEH
* F ORI S TmU EICing U, #RREEZ O 5, RISIEAICEH 2T (a—>Db
Fig. 1.1) RS TmI CiRE%* T35, b A THBIIERLZHDODIITTH LA, #
XD HEDOERRESVLETH ), BEFBAIGELL2L Lo TTCICHE
fbIdIEE 52\, 60T, E2ALEBT
BEXTITAZ LICE > TEGHKE (b
—e) Lhb, WEICLoTIE, GHEHER
3 EF0FE FRESEETICELT S,
DRI L TR ONIERS—RICH T A &
B bDOTHY | EH, L)@ ’///;gf
BABRCCELTTI AR BRI AL 4

vy TEMICETO- b LREhE | (T

#ii

-}

FEDSERCHRRET O L A LIE = OFE ‘

To bbb, T/, BWBELREZFED i A T
CABRIZODFIR &N, FOIE, 521U W AEBS A
HEXHH L. T, kRE, Braioxds

BRI LS A X T B, Fig.1.1® # 5 A% T 2L AWOERORELEL

S ILERESR AV, #1% TNd doped SiO2 %2 BHEL 72 Nd203-SiO25%% 77T Al
TIEEE (~1mol% ; 547wt%) F—E Y FEIILE (&) 24£ L. BFHE



BRAOPRIBIEERLEY, ARPICF-Y Y/ TEEERABORI 5%

WEIF T0.08mol% (0.45wt%) ASERE TH o 72,

HODELRREIRD2ETH 5,

(1) Nd203-SiO2% 75 XA DEHE. BEFHRBLOEEF 7 FXA5I2LD5H5DTH

5T bk RRLIZ,

(2) Nd203-SiO2%HF T A MBI Ny 77— F—X 1 UFNy 7

7—) ORACIVEB, EFHRBL2IPHTEH I L 2RLEY,

Nd2O3-SiO2R W 7 AZBWT, EFHREHEFGOREMRFEDOHIZE L ) FFE
BERERWELON, BEOL—F =05 ARBTFHEINMET T 5 LELEH LK
T35, LaL, BONTHREIETHNROADIET L HAFEGIT—ETH 272
F 72, Judd-OfetDBEM PR LB SN T I Vv F v 7 LI+ OERE L BREICEY
BOWBELTWBEI ., BIEHEBANRY PVERINARYZ PV —FH LW &R
EVRENTWBEY,

Judd-Ofelt D FENTHE BB AT PV ERINANRY b AT TEEAL D B0 IREE
WKEER DD THbD, o T, HHENS 1BELEZ S NDRELREE. Tudd-Ofeltd
BATIC X AEREEIERBEEL IR TH VAL TWE?, &512, Bk
ARY PVIERPNENT DB LEEORRICHTE2E LR ZRTIOT, EF
PEIFNEREEE TR WIEAIRRINARY PV EBEESEA Y P VI BT
%%, '

ArbuzovEZ X UL Tudd-Ofet DT IC L W B OSNIEHD T IV F 7L I F D
PR B & EERMEIENd203-A1203-SiO2R A 7 AW L TIE—FKT 5 b DD, Nd203-
SIOZAT AL TIHKE L REB ZUITEINRTV S, 2512, B IEA~R
7 PV ETRIRA 7 P VIZBI LT D Nd203-Si02 2 A7 A DAIZ, 7507 800nmil B\
TARY PVICEVEVWHTEL TS ZEIRENT VS,

DR S, Nd203-Si2R A 7 A ONAE FICII R H-RIXDIEE 2 7 FF
ETAHZ xR L. BIUIT 58 KIZHFS Ll extinguished centers” D
FEZRBR L7, D" extinguished centers” 1X2ICREGT A7 T A Y TH 5,

AEFFATOARIEINY 77 —ORAICE Y KRBICEESIND, NvT77—L&
LTARO DA™, 7V H V) EAtYIMe20 (Me=Na,K) dHWV L N/Y, Ny 77—
I BRI TALOIZHEICIBAT 5 E3LE L LIS F— 7 R2%Imol% (5.47wt% ;
Nd203) FTLERLA"Y, TOROERTFINRIIAHTHSL, 7TVhVERILHEZEA
TAHAICOERAYREIBOND D, TUH)ERDOBFEICIFSIO2DR Y 1T —
7 HSE5 H I, Nd203-Na20-SiO2 R 7' F A 2BV TNa20 (2.0mol% ; 2.0wt%) DiEfE



BIE

TEBB R AR1.6[x107K' 1 F THEMT 52, ftoT. BHRMHL —F—EBEDE
ELTORBICELT—2%ET %, Nd203-AlO3-SiO2R % 5 A (Nd203 : 0.25mol%,
A203 : 1.5mol%) 2BV TIE65[XI0KNTH BT EAREINTEY, ALOIC X 2 F/

M OBMERE 23T T 2 H5LIER S i nw?,

Ny 77— DBIE % EIINd203-Al203-Si02 R H 7 R U2 BV T Al203 & Nd203s D&
Dty (=ARO3/Nd203) 24~6THYH, 2O, EFHREIRAMELL Y #hllLE
TIE—ETH DI EIRENALY, £/, AEIINa20E AbOs%k F— T LAHET T
A DEEMEIIN20E ALOIDmMIEDEVWEHDHWE %R L, FFIINa20=ALO03 13 Nd20s3-
SiO2R N T ADFFFHPIRNDL Z LRI,

Hoik, AEFONIRFELOERMRBIZOWTE - Y I OREREEZTICEEREL
TWb, AET T AAMOSIFEEREEDRKEES L L5 LSIBERICIIEEBR24E L
VDT, THPOMEBEMN ZEHTE LV, TORLERIINAZIRAT 21BN
DB EEZDENY 77 —DPLBEILLERELTWVEY,

1.2.2 828 cVDEICLHAEEL £D 7 7 10— F(1982-1986)

CVD#E: % AV 7:Nd203-Si02R 777 A DBUEIZ19824F IZK. Arai¥’ ™ D 7 )b — 72 &
Dfibhiz, CVD#EF: (Chemical Vapor Deposition ; {bLZFZFAMEEE) &, KMAEEEHOH
SRS HVIHMEFERIBICE Y, BNEAKEBEET LI TOL AN E 209, TR
WWIEEBERARTSAT 7AN—DOEELREICHLONT WS, CVDEDOEFTIE
RBRTELZEEER AV 5201, GHEMBORBEICHATAZ L THL, 2D
FEEHWHIAZBETLILTH Y TVOMERERIC LTSI LT E 3
HoDFEEIX, LTO@EY TH S,

(1) Ny 77—&LTARO:DA, P20sD ¥ — FIZHTI L7,

(2) HIEFéy DFast Decay Component (FDC) 2527 S AFIZX W RETHELHEDR

L. 7S5 AYDEMEMERTDDICEHTHE I E2RLEY,

WODY Y TVDELANRYT PV RDOBLFEHEFD, Nd203-Si%i T X &
Nd203-Al203-SiO2 2 AT A IBEREIC L ) BHEI N b D L ZIZEREOREES RL
720 Nd203-P20s5-SiO2R N 7 ANIBERT T AIEWIFHR2FOZ LAVREN, P

Nd203-SiO2k 77 A 2 HNFH 2 RM AW L THZE LS R» o, S HE I3
FF A DFE VS (034 [us] ; Fast Decay Component : FDC) & £V 4 (470 [us] ;
Slow Decay Component : SDC) DFFEXFER L. WAEFG MR T 5 R H00



BHHIEEZRLEY, SDCIIAERONIMVEFICX 2B D, FDCIZ7 5 2 71k
LENAEFIZL DD THEEERLTVEY,

Nd203-AL03-SiO2 R W T A 3L EDALO DIFMIZ & YFDCOFEIXFEL LA L.
2 F5RAIHBPLILTHWBZ BT H b, 2F ), CVDEICBWTH/NNYy 77 —RA
ENAETFD 7 7 X FLHNICEI R H B Z EDRINTVEY,

KF—THREN T AOBRBEERKIZAROID I F—7 (Nd203 : 0.29mol%, ALO3 :
2.9mol%) 12X Y 7x107[K" &2, BEDADEE (5x107K"']) LHRTIZE AL

KEZWIEBRENTVEY, EBFHRICHE L TIFICERIZ R,

1.2.3 31 Sol-GeliElZ L B8HEE FD7 7 10— F(1988-)

Sol-Geli: I 7 7 ABEiE RE DK U, HEREHEE bIFITN S, Sol-GeliE |l
& A Nd doped SiO2D &fEix, 1ZIZERFICHREFETITHhNTE 7279,

Sol-GeliE X 1970FE LIFEICEB L2H LW S ADBEEETH S, Fig. 1.212F D7
Ot %KY Sol-GelE LD FENKE kiEvid, BEOHRBER *EBEEET S
EZAHIIDHB, BHOEHEBONLBRERELYNVENES RITEDHEHIHE
# (" or OH) R2FAKEMAMASTHELZFAL, BXEITVWIVEES, &5
W, BERIUEL. ZHIESVEED, FOBRMBBEE LT X255, ZDFED
FlEik, ROBEYTHb,

(1) BREELR CICHRTIEEPIEVRETERTAZ ENTE 5,

Q) BESPOLHREL, BEEIGTF. BEFLAXLVTRETE 5 70Ol EHIMHE

35,
- BEs
M(OR)n H20 S V2 - J—— 45
VLY —_— —— RO —_— Z
R'OHEHY HYor OH™ £V - (BROBE) ke 7
AR 5> - R Ma & ST T A BEAE

Fig. 1.2 Sol-Gel&EDH 7 ARE T T+ X
B) HRALRTHDIDIIERDH T AGEETEYRE RO RV IAEEHT
&5,
XL, REDH Y,
(1) FEHEPEMEC &,
Q@ FVOBET A, BEEER TOMERSPEVOT, RICREBEHZEL, 75



F1E

v I ELSL, FERIHIERETSH 5,

(3) C,OH,ZEM% EFERE LSV,

Y Thb, FHIZG)D-OHEDEREIIL —F—MEOHEE*HLILEE2EREL S
DTHHBEINDILENDH D,

BEZITICELORERZIZLD,  Sol-Geli#EIZ X A Nd doped SiO2D #AE % A &
NBER MOBETIIRELAROTIAEZHEIERE ETFRLALTIIH 5,
UL, EBEIELZLEETNVIFY FZBWTRMAS BOEREFSELY, BHE
WRAETAZENFEBETHEI LIS oTELD, ZNTH, L DITo 2EFE
DR THETREHE, £l TFAFOTEMERERZER™ L TnwsI &, F21C
NdBEF D ERAREE S IOV TER L TWAH T &, 8 3 IFKRE -OHE " YD&)t
BAINTVE I ELENBITOND , BEDHRDOPTHIZAKZH HNDB DD
(&, Fujiyama%:**" & Thomas et.al YOE|ETH %,

Fujiyama®Z:***"id, —3E DNd doped SiO2DFEICBITHAUZ X BNAD 7 T R ¥ {Lkx
FOEH S, HEBRICBVWTH O LONIDREBICAIZEET 2B THEHD
NAD S FHEOHM EVHFEINE ERELLY, CORBELONIEAULLS 2&E
TVaFy FeElL, BRBRICEATAZ L TEOFTERHEOMELR - 72,
Al MAS-NMR % iV AIDREZEL2PEL. 2EBT VI F T FOZOIREI B
BT CREFINREZEZRLEY, LAL, BEEKE LTORRIZELEGLR LY
+53%YDTIE R o2,

ThomasZE* 21X 75 ARICTRFET A -OHENDBICX AHEHBICOVTHRRTWS, L—
W G 2B IIHFEET AR OHEIITNVF 7 + / VBB L 2 EEHER S
WMASESY, Sol-GelEid F DR EBRIKEMEHT 27:0, R -OHEDFEDHE
FIEFNTEAN L2 2TEEOFEICHERTEWI EPFFREINS,

o DRBIIXRDEN) THD, " BRE-OHEDBAIVLARHWTHE” L7545
(£, Sol-GelkiZ & % @B ICCDIODE T AL TINVF 7 4/ VBREICE S
JEESHER IZ-OHE DB I HNTRMTE 52137 TH S, %% H-OHIEDRIND
Y= 7 Q. 7um)il R -ODEDHIND ¥ — 7 G.7TumE RHERMICH . -OHEEL D b -
ODFEN LB NF 74/ VIRAIBARIIEI DI WILTH S,

-OHED-ODFEADEHHIRIT K & . Nd203-Al03-Si02R H T A (Nd203: 0.5wt%,
AlO3 : 1.5wt%) 2BV T-OHEDRALTRIREL1.1[cm™] (@2.7um ; -ODZE14[cm™])
Db DTHRFENED055TH o 7-DIZxt L, -OHE DR AN 42[cm™] (@2.7pm ; -OD
FE L) OLDIF030L KIFICHA L TWAE I EARENT, (> T, -OHEII T H



0| WUy €8 X 7661@
8801 auou %0'g | uosOWALl  z1s | OTXBY0) Tl o eco m
: ] -7 W09 X sewoyl ‘W 1
&MMM 0 $901 v %NS 0 auou sty | ,.0IXO0T ¢ wwgy |
: . NP BureAling *
2901 v801 Iy'ouou [ gpimp'g ouou | 0'¥'SH0 wor ¢8861)
. . PeASAION poyjawx
$5213 ZQIS Ut S191SA A 47901 Juou BING'E WHL LS 6 pAm | PO-log
pamoys ydeadojoyd NI L ¢ nyren -
(sewoyL WD) 8801 suou | opImg’] | (WUOTODWAL  0SE w
"PaLT) a1am [edIpRI HO- 30§ - . TR
TeoIpRI JO- UONMNISANS ‘T $901 [vouou | opamg'e | (wuoon)waL| 0T us
(eure£1fng 1) eusew >dod v [
Juidop se pasn arom 0801 Quou %IMY°C uou 9% prempg
SpIXON[E [e1ow 2[qnoq ‘|
'sse[3 . 4IMQE”
oy) u Buuisnyo g3 Joy ¢0901 d PMBEO | svso=oas av) aw (9861-2861)
2a8ap oy 5159830s (D) — N4 . emexyureN "4
. S| | mnuge x Hl' pogrow
1wouodwod Leaap jsed ¢ . oLy 01 XS'1 BRIV Y
“usuodwos 1955eq 0901 h.o~ XL A4 B9l gwwcﬁ%am_..wu oz $ ururg -1¢ aaAd
.MQMMWMNM»U&»M:M@FM_.N 01 XS Keoop is8 oSk
auou HIM()’
aam sapdures yund Y31y | 0601 t %IM0’T
%981
(eN) .
0IX917 N R eV
(2 IS T
14
N (8861-€L61)
L IANSNYD, PIffe S1 ey 0%IMCH’ . . wepo g
siowad poysmaumea | 20osv 0| oo | OIXES 1y 1 gmupe R poupou
UO UOISSNOSIP ISIL] °E 090 ez — unPN
‘usuodwios 195ynq se IS 1 ﬁnﬁao
Pasn os[e 9IoMm Y] pue BN °7 A d
Jusuodwod
. oy [ WWOOT X weeo 1 'g
131J0q B SWoE [y %IMSH0 IX auou 0LIMCh” oy 01XSs¢ 31
JO asn oy3 Joj 1iodar Js1tg ‘| 810 6801 wo 9 IS0 0 ¢ wmg
Do/} [%1m] [;urd]o -
pPPRIX [uru] JuanIyge0d | juduodwo) s12)sTIP Jo [s]a uorPIs s © poyp
SN wmueng) .:w““wahaa uorsuedxa 1ayng =MMN“MW M, ’| uvopeoywap | sumary |ssomo vorssiwd  sjdures | PPN nogesuqey
Jewy ], : penumg

uonedriqe) QIS padop pN Jo judwdoaAap Jo A10IsTH 7T d[qeL



FI1E #HHw

POHETKHRESNILENHE I EIREINTVEY, ’
Thomas HEP DM EICL o THEBEARY PV LTI, BAld, CVDEDES
EEREICANC X ANADOGEEIRIIRE N TS,

§1. 3 ¥
Nd doped SiO2DEMNEREBETLIZT L7z b D ETable 1.217 T, Fhe
NOBBEICBVTNID Y T A FALIZAIDEAIC L DNHIEZEINS T EARIN TS,
wWihICE L, 3ETXTOFERIBLFERIGIC L 5RETB R0BEIRICEI DT T A
PEEINTBY, RS 7 ANDONIDORH & Vo 2BBHN L 7 7 A5 DREIIIT
b T\, HE—, FujiyamaF D 2 B 7V 2 ¥ ¥ FIZ X 5 FEII BB ZNAE
FOREEL V) HTIIEIREV, Sol-GelIEIZ L )\ NdA F ¥ D JEE DIKREEHHIH T
XAUEEMDOH L EMRBENLINDERDNRS, FE, Z OBRBRYLNIEFE
T OREEITERETEZOH — SRR LEE 25, Zhid, BRIERCVDEILIE Z2Wn
FIETHE, bBAA, FVILED 7T v 7 ORBER-OHEDEANHELE LD
DEEBERIIELEZELELETEVEHVDY, FILVWBEON I A2RET 5% EERE
VARV TIIERICE e HkE 2 D% 5,

DEDEET, AEEZEME LSRRI V-V - #EOLERLBETTOR
BHATRENTz, A EEOFHELIZE L ST 711 —F TN doped SiO2DEE% R
AIzDTUTOETENZRY, $o8EE, ERZEVARNVTOREOBENE. 3
— SO (NdDFBREOHIH) %ERE L. Sol-Geli % F *Nd doped SiO20
BUEERITo 720

2% CHk

1) J. M. Eggleston etal., IEEEJ. Q. E., QE-20 (1984) 289.

2) J. M. Egglestonetal,, IEEEJ. Q. E., QE-21 (1985) 1195.

3) #Iz L D. Golla et al., CLEO'96 Technical digest p304, Anaheim, June 2-7, 1996.

4) #l 2 C. D. Marshall et al., CLEO'96 Technical digest p322, Anaheim, June 2-7, 1996.

5) S. E. Stokowski, "Laser Glass : An Engineering Material" in Spectroscopy and New
Ideas p47, editted by W. M. Yen et al., (Springer-Verlag, 1987).

10



6) 1Bl BRMEF ~ F¥IANVFTv2” BEEIE. 19794) p203.

7 KBS BX. " SRR DTIARASITV-—F—0RBICET AR . X
B KFEARZERE TEM AR ER T AV F— TEERE LRI (1990), p66.

8) K. Naitoetal., Jpn. J. Appl. Phys., 31 (1992) 259.

9 K B—. " V—F—F5AREDOFBROREKFICET AHFE” . KK
KEE TEMEEER T AV F— TEERIE AT RRE 3T (1996).

10) A. A. Kaminski, "Laser Crystals 2nd edition", (Springer-Verlag, 1989).

11) J. L. Emmett et al., LLNL UCRL-53571 (1984).

12) S. E. Stokowski et al., Laser Glass : Nd-doped glass spectroscopic and physical
properties vol.1, Lawrence Livermore National Laboratory, (1981).

13) S. E. Stokowski et al., Laser Glass : Nd-doped glass spectroscopic and physical
properties vol.2, Lawrence Livermore National Laboratory, (1981).

14) S. A. Payneetal., IEEEJ. Q. E., QE-30(1994) 170.

15) C.D. Orthetal.,, LLNL UCRL-JC-11617 (1994).

16) MEAR ¥ " RERZEM LT VW -FFICET AR , KRKELEH
BRLFEREFEMIHR I (1992).

17) BA W BEEEME LABRE) L -V -BECHT AHE , KRK
FRERTZHERER L FE BT L RTHIRER T (1994).

18) E. L Galantetal., JETP Lett. 18 (1973) 372.

19) F. Ya. Galakhov et al., Sov. J. Glass. Chem. Phys. 1 (1975) 44.

20) E. I Galantetal., Sov. J. Glass. Chem. Phys. 2 (1976) 429.

21) V.I. Arbuzov etal., Sov. J. Glass. Chem. Phys. 3 (1977) 226.

22) F. Ya. Galakhov et.al., Sov. J. Glass. Chem. Phys. 6 (1980) 34.

23) E. L. Demskayaet al., Sov. J. Glass. Chem. Phys. 9 (1984) 386.

24) L. E. Ageevaetal., Sov. J. Glass. Chem. Phys. 13 (1988) 221.

25) EIl BE. MiF " BEENTIA emrroov-14) " GERKRFHME
19854F) .

26) RE WERE C RFEA TR (LI HER. 19844E) p72.

27) W.F. Krupke, IEEE J. Quantum Elec. QE-6 (1971) 153.

28) W.F. Krupke, IEEE J. Quantum Elec. QE-10 (1974) 450.

29) PIE AR, " FUARLV - -EEAL -V -ORBICHT AMR" . KK
Kok b T2MFeRHERL T U ¥ — T2 B+ W B2 5 3T (1993), p135.

30) #iH FERFE " AGWEWEE" GAEHIE. 19924F) p159.

11



F1E

31)
32)
33)
34)
35)
36)
37)
38)
39)
40)
41)
42)

K. Araietal., J. Appl. Phys. 59 (1986) 3430.

H. Namikawa et al., Jpn. J. Appl. Phys. 21 (1982) 360.

K. Arai etal., Jpn. J. Appl. Phys. 22 (1983) 397.

H. Namikawa et al., Jpn. J. Appl. Phys. 23 (1984) 409.

I. M. Thomas et al., J. Non-Cryst. Solids, 151 (1992) 183.

Edward J. A. Pope et al., J. Non-Cryst. Solids, 106 (1988) 236.

A.J. Berry et.al., J. Phys. D: Appl. Phys. 22 (1989) 1419.

A. Mathur et.al., SPIE vol.1327 Properties and Characteristics of Optical Glass II (1990)
W. V. Moreshead et.al., J. Non-Cryst. Solids, 121 (1990) 267.

T. Fujiyama et al., J. Non-Cryst. Solids, 121 (1990) 273.

T. Fujiyama et al., J. Non-Cryst. Solids, 135 (1991) 198.

el BRE 7 UM VEORE” (T 7 FEREM., 19884) p2s.

12



%28 L—Y =R EO R E ST

ARETIE, ARV -V —MHHEOBBDEIILELRAERM ICONWTHRNR
Boe V=Y —FFADBHERFEIZL—F -5 E T XD E Wi
iz T ons, fiZFEEEENLL —F—FS5AD+5 ey RiES
HIENHERLODPEZFMITAIEEZHBETEDIINL, BEITHFTA
BMEEANDTA—FN 7L VEREOV—F—$ELELZ L #EH
&g 5,

L—F =5 HEEOJIEICIZ. TN, #HE, BIEELERED ART ML,
HIEFF 4. Judd-ofeltDfENT . BEFNRDPEL EVHITONL, ChHD
HEWCELY, EBEONNVIEHBHELFNIC, FLIEOR V- =05
ADL —HF—BEDTFRINTEEE 25, FICETFHROP B IZHE OXF
TR RER L, FOMEIMFER L O0F) TRVO» 2 HW+ 408
Eh b,

" A O EHHEEEMICIE, PSi-NMR. FABINA RS b Vo, BE
HFE (BETH) . EABETFHME (TEM | XEEFHHT (XRD) . &
BEERIE. BELETH. ROBBEBROUELRENBITON S, U LoflE
&Y, 7R OFEDFM. BEHAGOLDDOERET—5, L —FF—
MR OBEE L EDRIETTREE % 5,

PLEIX. BIEDFEEE LTIRIZAD—HTH 255, KIFED D b TEH
HEFPE(EELERLES 2 TN D0RFIELE, /2. BEF3=IL
MBI RIEOMP R CFMMIRERIEELNNTIA - E L LDOTHES
SOFMICEDR LT,

§2. 1 FHE/T7XA—FDERE

V= — R AETHLECERELRDINTI AT IV oW TH 5 by &
. BASRUR T EER L, FOERV o WA 2T ADOTHA ) 1o
V= — 3D MABHEICIC LT, A HEMELrEREND, HBHBRIINNT
. B L ) AONREESEETH o), T, FOHLHY, FEFTH
o o T, LOEMIYBESNSL EZOFALEIRL 222 EDIENE 2 5
nn&ERW,

V= =T F2ADOYHEKPEREOLV—F —TEIC LD LS IClEL TWwBDH»
(DWW TliStokowskill X » TREL CEBE STV BY,

V=W =7 ADOYHERP—BYHHAL, T5FMBET L L2007
BiE. OV —H—MBEEL L0 D, B T8 FLFL I 3% T

13



F2E WEFHEAT

Vi, BEREFL 2 RHEBRYEL, ALTORBRMISEDIT T, #£->7T, BHEH
SOVEo TV B MEORE, RELR EEWEICHETALENH LY, T22h %Xk
DEWEIZT 4 — FNNy 78T, .

DTOMHTIZIL —H—HEREBED DIV —F—FFADL —F—Bertheg o
FAYHEEROFMEHEICOWTEET 5,

2.1.1 U—¥—8FE O

L—H — 3 Z0HEPHREINSE L TRESAZEIHL. AFLAEZE®
DHETTHIBETAIEZTENELLTWS, Thbb, V- F—HEIIERKINIE
IR NI HIEFE T, MRS (MEFHFR) IIFERLIERE
o & RESHBELZ ANZPT R TRENSY,

g=0-4AN 2.1)

FHEMHEWEECIIMHEETH S DTELL ZWnH, RESHIEEF YT 1D
et BRI ANVF—ICEINVEL LD, FHENTA—F =L LTEFEWIZ v,
—BIC, T ALV —HF—TERBHNIANVF-FEEORBOE ] = A VF —FE
THHTAY, fE-o T, TOBMIFNVF —FEEZ LV —F—BFHEDONNT A —%
ELTHWAZ EIZT B,

E, =— (2.2)

TIT, WMETT VB VIADREEERT. ZO%E, NI A V-8
FEE IZIEMMANRE S N5 & BB RTE A0 T, FEKHMEFEOAICL o THR
FEN B, o T, FEMHEHERIIBEHLTRETAIEELNNT XA —ITHb L
WA,

Naito%*712 & 5 & faflr £V ¥ —HEEs D F LML BTHARO TRE . 72, K%
BFRES LR ARDZbDE LT, BREHA LV —F—F 74NN -HOBEIZEXR
AN A FHEBEWMmAHIo=1.7~5.0X 10" [cmJBETH B VTR EN TS, LHL
OfEIE, WIRRORFIC Lo TIL HPLTEEHELITO N ZEVEI LN, &
FLOREMLZETIE RV, BL, V- ERENVKELER IR D I L3

14



ETH5b,
FEMHEIERIE—RICRKANTREND,

rp

O-T =—L—
R 87En2Meﬁ 2.3)

I T, RIZHEHFES. MWIEXRDOE 2R, B>ITIVF I IF cd
B, nIBIE, Ahetid AR P VOFEEEEZ R T, HEUBIRES NS LK
UBIHIZE AT L 2Vvo AletiidFESEMREE TH NITInmEL T, FFHEEE ThHh
1I£20~50nmiZETH B, nIFEEE IC & D 1~24518E OB LA N5 25 & B IR
EHPBREEINBEINDITLALERZ LR B, o T, HEIPKERE»ELE
PATRE SN B & FEHBMER I RHFEGOAEK L LTELLT 5,

BT B OB EMEIIFIEGEDERENICE > TREENSLZ EFREINTWVEY,
B, BEXEE LTFHA ENTVWE 75y ¥ 2T ¥ 7id300us, FERL —F—F
A F— FIZRWTIE200usD b DOSERLE N TV 5, 0B BENDERSFEL HIZEL
TEHEGEIIBV T, LE L INIEEFMIIPELFED /SVARD 2 512E Th
BIENEIND, o T, HEHFMIZA0usBENFEFNTH D I LAV Z B,

FOM. BAEIE ANt DL WIS 1348 4T Table 2.1 7 — V) TZERFRFR
NVAL—F—DEIEHEL L THHET %gifﬁjfi?fﬁ 7 =) TERBRR(ATAY)

X3 AEMAS S, BEMMOKELL ;jj&ﬁ o
—¥ =3, BlL, IR EARS PV E

. ) 3 ) sech’®l 0.315
%Oj‘[ﬂiy V=T 4 TDORTIZE->T i)

0.110
Ko ETHEIIFT L TEBMIZOE D, OB € 0.142
BERIBICERET A 2 E T EETH B E BT 0.594

FEINIRIIRD 7 — ) TR R % i
BT 5REEEE CIREMVTRTH D, EIVAERITT 57— TEHBRER %
Table2. IR T ", 7— ) ZEMRADER RN L D FH 5 L HIZARST P VIRDIEW
TIIBENNVANEELIH TOILER TH B, oT. TDARY FMIVIEDS L —F
—TEZRDBING A= D—D L2 B,

15



F2FE  BEFHEHT

2.1.2 U —H¥ -8 ORIRER O

PETL—H— DM RETITBENT A—F 3BT UEDIST X — %
o T, LELZEFHZH OV -—HEEBRTHL ARV —H—TH T&
TLEIDD BEXIEETHb, VL—F—DEFELTHRETH/3T7 A—FDHFEED
BIZIZFDORFHEHIRT BT A—F BFET 5, (oT, TDNRITA—FDEE
TEET D,

FFIE, L 0BEICETAHIRERICOVWTEET L, L—F—DEEIE
FEREITRIC I DHIRS ML, BEEDOL —F— P EBEE © EBT HEITIE
FOV—HF—KDiEE (RBERD2HE) KFELILZERROEIFS LN S,

n =n, +n, -|E]’ (2.4)

EDLHICFHEEESMERFOL—F —%ffoc LThH, E— AIEHET
HEN A B BB ZT TH—RBESHIIRELH/LV. TOXH) I —-ADEH
(SCHEERS) TEOEVPELZ LBEOBVL — -4, BIEICEI4E L,
BEDBWES TIXEINENEC 2D, MV Y X2E LA ERICE D, (0T, £
DE—=LFPRE L, RHPT, FA—-TI24HEL,, oT, BHED L —¥—#ZIC
FIERIBITRDO/N S R L DIET L\,
EBRICENZPERAET S ZLIRETH S, 1o T, BINEOPED L BN
»FEHALCHETRODEFENRLICHVONSE, midRKTERZ LN,

cn

n, =m7 (2.5)

K(n, —1)(n} +2)*

Y R [1.52 +(n}, 2)(ny +1)VIGry ] 2.6)
_p =1
[y @.7)

Z T, nr, no, nctFraunhofer®F, D, C¥ (FHFh, 484.1, 589.3, 656.3nm) I8
FAIBITE, yidIEHRIEIRITRAE., vidAbbek. K (=2.8 X10™°[m"/W]) X1064nmiC
BT BYDERE» LB ONBHETH %,

EniC, LD ihRT2b0I1C, BABIRICLE 500 H 5, L—F
—DEDIEDE L2 LWFBINCIE Y, AEICELZ A P L AP RT 5, BRI
B &) L= BRI ER SN DG HZIR LM T o THERISIRES R 2 4

16



U. BESHIEIMHEIEAETA ML RAICEINERI 2, (EoT., BBYHEK
DI e D BRER T HASDOEL DOV M ST A —¥ Lz 5,
B R R FIRE ISR T AAEH BEARBRIIARNTREN S (fT8RA)

=(1—V)K'S

Ry =— 25 (2.8)

ZIZT, VIZRTV VI, xBBRER, o 3HERERK. BEIZ V2 SE, ST A
B 27T CORNIOY FIA TDBFEEMNREEHLDICEDEEDF T X
VNE—DEBRLTHFBRTEINERTNGA—FTH S,

AEBRBRTIZEAKICASTZ M AR 200 EELBERE kb, T2, £
DSTIZH LT EDREORBIVVLETH 2O 2 ERICEETLI LT, Ly
D THBo SIOEIXRDRERKTH I AXHEOE R EEBERITLNLTWVS,

ST =YKCa-I/2 (2.9)

Kol IEESHIEEE, alBRAKOREDOVUDY 4 X, YIZOUDHE & LMILRIc

KELZERTDIING A—F ThHb, KAEGO DR LZLSG-9IHIZBIT 5 EBITHK
BRI > EELEG» S RO o 2R E L {—FH LT3 (fF4RA) o EBIC
IERTDEH OFFITRE L7z —BhRS, H—@GHTIE %, 2y FOREFORERHIC
BB —BEL TnETOHEBZKPLRABD o AbDLY Nk olzbDEER
b5,

FOM., V—F—DOBMERIRESITH 85 4 — ¥ & L TIBRESED. BE D8R
W, LY XRRY, VD BHH, TNLITEBNEZETFORMABRZE 2 LD
REBIZINVEEBICEDPVODODH D, (EoT, VL—F—0B{ELHIRTLERL LT
22 TREFICEY B v, BET TIIEBRE SN TS B4 b B PE o 5F-
FHEERIIL, TLODDEEROMEBIIRT,

§ 2. 2 SriuHEEREEE

BTV EHRBED/D IS NERERT A — F IOV THRR,
COE TR, V-V HEOSHFEEOFMII OV TRNS, S 5k
Fio, FEUREWERL, HAEFGRORTFYIRIDSD2Z, Thoidnd b —F—
DUEBOELELEAREDTIERELNNTA =Y THb, {toT., ITNLDOHE
B —F— 1 E OO ORI TITONEXEFTH 5,

17



F2E PEFEEA

2.2.1 BRIN., #3%. BIEHEEARS P VRUEFG
RN, 6, BhEedt AR VR W NFH 1L RE DJudd-Ofelt DIEHTIC & 0 5
EHEEEZ ERNICE IR TOIULEARTRZAETH S, 72, RILA RS
R VI FHEESEIE DRBIRIZ, HEARY P VERBIREEDREIZ, BAESIIFEN
BV ABORBILICENTNER2EHEFHoTwbho BIEEBARY b i
MBS FZRPANRY PVEEND L) REDTRLD, TORPARS F Vi
FRL22D ., BIRSNARELTORNFEHFEBP TN E bHBHERTH S 0N
i EPERDWERM OBEREH DA I =X L% FHTHDIHEITON S,

DL E AR % 55 O WE B FRRE RS RESS25IC L W flES iz,
T DEBREERZ RISRT o

o~
N\

N

\

\
o &

Fig. 2.1 EOHREHIETIEKEBSS-25EREEB X
(1) Xe lamp, (2) Xe flash lamp, (3) Spectrometer for excitation, (4) Sample stage,
(5) Thermo-pile detector, (6) Halogen lamp for calibration, (7) Spectrometer for

measurement, (8) Detector (photomultiplier, Ge and InSb semiconductor)
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WAL (IS, LYI'S) ~DOBEFERICE T 5 ERIBHEFOITHEEERT,

BEIBEEFOTVEZIESZEEOETH Y . EUHKOEE (Fl 2 1ENd)
MHRE SNBEREEN, EUHMOEBORBIIIKEL 2Vt X—-5Th 5,
T 72 Judd-Ofelt/¥5 X — FIIERHAEE SN TV L RADHFDOMIKEFEL., £f
BEOTMBICIIEFEL LV, o7, BEXFETAIRNS 1 Y ORHSELED T A4
VICHYETABEIBHEFOTVIRENORA2FRED 74 97 4 ¥ 7L DI
BOREDHZ%RTIudd-Ofelt/ST A —F ZQRAINICEDHEETH I L HHRD,
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Judd-Ofelt/¥T A —F 1330 TH AP LHIKAFDRIRG A Y HFRETENTT 1 v
TAYTIETETH S, BRINT A U oRE S N72Tudd-OfelyNF X — FidHET A
VICRWTHRICENRNL T B ERZDFEDRSL Y FTH b,

o T, FDJudd-Ofelt’/¥T X — % L#HT A VITHEET 5 EXPBRER F 0175
EE, D, BEHERANS,LY ; GDIOIEXRNICL WEESI NS,

4.2 2 2
ALS LTS DI =5 @2 3 afs,iorotls wI) (2.12)

shzr E

T ZT. DRUEENLE EEMLDEENQANICRT L XL E R 5 DRI DOE & HNXED
BCTIIENEFNEELRLLDTH 5,

FEMHMEEOR K Eopid Z DBBHERAZFA L TRD L) IIFHEE NS,

A:; ] ] r.
O'P _WA[(S :L )J ,(S:L)l] (2-13)
_ rI(A)
o = —_dl(lp) A (2.14)

ST, MIIEKREOEE. At HHDEXLT A4 VOEHANRST FVIETER.14)
WX hEtEENhE, T2, TIVF UL VAR

g Ad(S, L) (S L]
DAL, L)' (S L]

=A[(S', L')J';(S,L)]] - % (2.15)

ERD . QIHEQDBIMATEEQHENB LD, T, AL EIKED
STHMICERTAEHOLDZRT, 2B, NMDBEXRABFHEFOTHEE .
EBRDFERCITIRL TB W,

2.2.3 mFEHROWE

KT, BFEHEOWUEIZOVWTBAT 5, TR B O — HEHRD) =
ERL. BREROZELELEARETIEER/INTA—F TH b,

FEIR ST ER IZBE NICE T A AR -0HEE, b L M OFIRD) I EKFF
T3, FEHHEBOR, 2 EXERBEOELME Z EATE N, R HK
RTLHEDN 2 EDPHRICE VHROETORRE R RETE 5700, REEICHED
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— RIS EREDRAFEEZRT NI A—F L LT, EEBESFIHIRL TWB 2,
L IR E R TORUEME R EROIEE ., BAEORIGEEICLE > Tk &<
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R IIFig.2.1 TR L@ R b0 e BSS 250 T VB 2 Y B &S
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AR BB ELHRT A0 aF U RBICEIWVHBIER E SR, NOF YT
713 Xe flash lamp DAL E IZZHT 5,

2.2.3.2 TESEROHBYE - 7 _
%ﬁﬁ(ﬁg22)ukw%mfﬂﬁLto%ﬁﬁfifT??g””w"”

W EHZAME100mme, PEImmOD 7 7 1) v
DIEKTH 5D, AEBHMZBAENIC, AEICST VN o
—CHMHLBROAT VR REIIZIEBALL, &
b AT &Y 2 Y CHEEICH Y, Z ORI TR
WD a7 ha—VRETTEIRE L, 20 |
oo W SATH &3R4 IS8 AT L7z RESERPIBED = & @)
R4 #H1d Kodakit B4 OLabLEADER™% i o RS
BRI I2IZH — IS8T L, Z OB ~2mmiEHEC f g

%% &3 12 L 720Kodak#3 OLabLEADER™30.2~ -
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Fig. 2.2 B ERDERE
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et BEERT . ZOEK

B L | SEEHERS THS 2 L3k ® ’/s‘a“‘"'es"s"1mmt
SERAVER T A ETHEFTICEELERL Output port

59, Y7 IVIEFig 2.310R T & 91
HE L. EOEROAHE—TFOHAX
iXe lampDHE L TWMY AL DI, LE Y
B/INBROY A Xl o TWh, Input port

=P Detector

Xe Lamp

Fig. 2.3 TS RAY Y T VORE

2.2.3.3 ETFHEROWEFRH
EFHROEHERIIXDEBYTH B,

Emitted Photon Number

¢ Yield =
Quantum Yield(m) Absorbed Photon Number (2.16)

BFIRLIBEICNE SN TFORT, EBRCELLEFORKZRLE
bDxEV),

BT EOUEIZERENICK > TITIV. FOEXEHT 5512, RIVRUHE
KOXTFHERET ILEND S, BE. BEARZ MVHlEEIN TS5V 71
EAMIFIZE D, BURREDARY PV E LTREFEIND, o T, HIESH A
R7Z M HLEREFNDOIFRIIAKNICE WEHE SIS,

2
N, = fEIE(l)d,l (2.17)

A
N, = fEIA(A)dA (2.18)

2 TMIBER. hid 7 7 v 7 B8 clddt#, N3O T N IIREDN
FH I EEHBER RS PV LIZRIPGREER <7 PV ERT,

BHERMBEANRY PV ERPGHERA RZ P VITIE T R VF -T2 A S Bt
ND T, FDANRY MVORNICAME 250 ENH L, FD70, RDOE
EExIT)o ,

9. ROERD OHGTL 72KD 4 HEHOKIHRERA RZ P VO REEITTIT, BIX
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4 HEARY M EF—ERBERICBIAANT—HEHDARY FMIVllE
DEDATEDARY PVIZEY | BINEENORGFTHEARS PVEBKLETF
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(a) EIEHREA RS bV

HMEHEARY P VERET S I2IE,

BEDEHEDARS MV, BEXD AR 30 ‘ .
M, EEFNEFNDARY PIVDEK
BIEE. #1ESIE D Thermo-pile D & E{E
DHEAVLEELR S, LEOKER%
Fig.2. 41278 ¥ o BRHBFERE OB F \ ]
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LBHIEZEIT) o MIEXDANST b VDS fE% Thermo-pile DEEEIZ—FH S £ 5
CETHEHLEMEANRY P VDIV F—HIE%T) o Thermo-pile & Fv: 5 DiF T F
W ——BEEBRIITTIEREEKFEPIZE AL LW O TH S,

PLEDRIES O EAHER RS P VIE RN L ) iRE L7,

25F 3
20 \ ]
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# \
N
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Detector voltage [mV]

lI’ VEpeak

V,
I.(A) =——1#* EcA (2.19)
e(A) fL().)d/l (A)

CIT, EMGBEEDEILARY Py LOYEHIEARY PV, Vg JEEQ) DK

REBEME, V) JEALA)DRKREEME, ¥ #EXDThermo-pile D BEMEZE R T o
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®) BIPGEEA XY b v
UL BREE A 7 b Vik, T
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OHBBELBHEOMSRES T
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DFNEHREA R P VIRRRICL D Wavelength [nm]
BEHahb, Fig. 2.5 BIERANRY M, Y TVE (ER) +
TV ()
I(4) = [g,(i) dlg,(l) (2.20)

T T [WIRBEEERA R bV (¥ T VE) | PIXEIEIED Thermo-pile D E

FEfE, g WIZRIES NBEANRY bV (¥ T VE) 2R, £, 7V o
HAHGEDHEBEANRY PVIIARICL W ERING,

D ‘/2peak

V,
I.(A) =——12% & (2 (2.21)
2(4) _/',g,(/l)d,ng( )

T Z Ty LA WEHEEEANRY bV (Y TIVE) | g, FHIE S AFHEEA N
7 MV (FYTVE) | Vel WOTREEM. V., He,\) DRKREE[EZ
R’ o Vipear & Vopear B BERE OB RMKFUE IRET 5 - 0II585SnmDO A — &
TUET 5o g(M)TRENDZARY bV OFSE % Thermo-pile TD i A O B EfE I

e EE 5,
(2.20), 22D & DIRIGHREA RZ P VIERRIC L o TR S R B,

1,(A)=1,(2)-1,(4) (2.22)

o T, WMNSINHFEHERELAXBFEICHHUT L AR PVITRATRE
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Ng(4) =%IE( A) (2.23)

No(A) = (1(A) ~1,(3) 2.24)

(2.23), R2HNIC L DEHE SN 7RO TF R E HEXFRICHE T A ARY P L%k
Fig. 2.613R T o & 51T, (2.16)i2(2.17), (2.18), (2.19), 222) 2 LA L TEFH=XR %5
ETBLRKDEHIT% 5B,

N, [Ne(Mar

=N [N (A)da

(2.25)
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2.3.1 HESKKEE (NMR)

NMRIZETFHEDBAE Y DE—T VHRICL A AN F—DHFRITBIT BRI -
BB 2FB LABEFETH L, COREMOBRKLIZEWEF B2 i3HRe
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NMRD 7 A BRI T B0 13Sol-GelEIZBWTHWL R T3, HE., NMR
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M, FRICE D, FIVEEICBIT 2 BRE-OHED FENFH BN TRH 20505 &
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bHAHA, PSi-NMROFIEDATRIEDFERDHS 2% 2 bDOTIE RV, HBB
DIRFIE L DA HLEIC L VIBEMICERIND,

PSi-NMROBFIFEIZ & 2 F1aHHICHHT5EZERIIFELETITHI I LICT 5,

2.3.2 FRHMRINA Y P VG (R)

TROVRINA R 7 M VSHTIEE IR -OHEDFEICHE T EFHRE 52T b, &
HD-OHEDIREY L 5V F —133750[cm WLIBISFHFIET 5o FFITT T/ — VE(Si-OH)
VR L 72 3RE) = OV F — 13800~ 1000[cm " W HFFET 5 T DHRIMRILA ~ 2 b v
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FA— & LML EE) T euhEe o), FraiphilzhRD D % Sol-Gel 7°
Ot A DMLV TTHEE % 5,

FRAMBIRA R S VGHENV 7RO D, BARL VL B D DODMWICKBriEil &
ML/ =KD D DL PELT HETDH 5720 Sol-GeliEII BT k4 RIRTEBIZBIT
LMENTRETH 5,
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b,

2.3.5 X#HEFHH (XRD) *
XBEFOATIBEEN S ADEERBIIOVTOFHREE LT NB, L—H—7
FARFERETHHDT, XRDICLAFETRNT =T - DAERT T DT
HMINB, LA L. Nddoped SiO2NMPFDBEIZHINTIE, BRMEEZRTE— 7S
RSN, TDEIIT, XRDIZF 5 ADIEREHMELHMT 2 DICEE 21%E
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2.3.6 EBFEHEHE

EBIC, ERETYHEND L CBRE-OBEDREADD WL —F—PEAHi k- &
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WX Dfrbh b, REMOMMEIIMION—KHTH b, COLHIHELTELSR
e I SREDEARDIRIE 2 FET 5,
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2.3.7 ®WELHZE
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SAYDFMLIT o705, 7T AYDHFELEIIHER SN o7,

Zeolite® WA FHEIZFEPIIBIT AIEETTEDOE —E % EKT 5
DIFEFICENLRFRTHH I LRI,

§3. 1 Z7IX¥DEHK

%5 1 B TNd doped SiO2 ® (LLTFNdQG) BHZIRD Ko7z, NAQGEBUET 5 LT
D—FOREFIIAREY 7 AZEETCHED L ) B AW 2N AA IS, KIBEIC
BWTIFAZADPEL, RFIBROETHELL I LDPRENT, FNTIEFD
JIRATENV) DIV 2T TH A ) B 7T AIHNIQGD L —H —5M % Tif
TWADTHAHETNEFD I SAFICEALTOREMBE RD B T & AR P04
MR BTHH ) FI T, ROERZITo 72
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FEIBE BRI IIPICEITBEHNIEHETEDE B

<EBEEERL >
7 TGARYDFEET D L) RIBEHEE (0.08mol% ; 0.45wt%Ll L) TNIQGHH » 7
VEBWEYT D, ¥V TVDERKIIS-GelEx AV, EHA (Nyor7—ar g
— 3V F) THAATEDI F— 7D HEVNERO-SIORDH T A% 8T L, ==
Tld. N2O3RE T3.0MBIRED Y ¥ TV EEE L. ¥ 7V DOBYEITFig. 3.11C
AT 70—F ¥ — Mo TiTo 72
*ElE 7O
1. TEOS (Tetracthylorthosilicate) [ Teos | | Hel | [TEOS || NHeOH |
% YRR AR C X b Ik
L. VhEda,
2. MBHTEOS% 7 > &= 7 fil
ik omks®EL, 2

AR FVSE L aa A [ NdDoping | <e@— NdCls, Nd(NOs)
. or Nd(OEt)s etc.
v s e, 28%ER oA
pH Adjustmen <~ NH«OH
57 5o )
3. FTEEDONIEEY 2 EE Gelation

P LIBAL, 8HIXT

. [Drying | ~100°C
VESTKERIMTAEE

ERICDOEATIZE ) F ik Dried Gel
T 5,
~1800°C
4. 2~3B Y = v PNV B | Sintering |
é -ﬂ—f: f(ﬁ\ 60~100CIZ Tj][] , l Nd doped SiO2 Glass —|
BEBRLFIASTVET
5. Fig. 3.1 Sol-Gel#:{Z & % Nd doped SiO2? Elx& 7 1+ &

5. FIA4 7NV KEH T00~1000CE T L, EZhd L id, He,NoZD
AEWET A FBR S T1500~1800CE Thugh L THE X5,
TEDHW o IPEREY > TIVIENADRAEZRTAEBEREL Tz, AEALRIZIING
WKEB 7R LELNLFEVELTBYEERATH o/ MBART ML, %
HHFEIETHRBEIBONTUETCE kb o7,
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<EREEER2 >

25 A5 OFERBRICEAABOMRICBVTHHLL TH LA, FRMNEML
MICEDREDTAXT, EBREIZEIVISDIHET WD, REET L 2010
EBRMEFEME (TEM) X 2 ERBZE., XKREFIC L 2 & RMORA L2175 720

<EBEIE TSRS >

Fig. 3.21C & BRI EFEEMEEIC &
D #H% L 72NdQG (Nd203 : 3.0wt%)
NICEEL7 T AY DEER %R
To NV TSV FDTL—D
B XAEOBM TH S, BEEF
DEHD B NBES (50~500AF2 )
Wy TR ThbH, AENTT AL
HiFAETH 570, BEFEMBEIC
EFAPEBIIBVTRFY—T Ty
THRECLE Y PP LTFhTnD

1000A
25, RIERPRPEARIEVESR i

LTV BEHAESH 5, | 252 gn9s3  3as%0:2s

-

Fig. 3.2 AEAIICBELZZ 7 X ¥ DTEMIE
(Nd203 : 3.0wt%)

<X#BEHf/8F — 2 >

Fig.3.31CNdQG (Nd203: 3.0wt%)
DXMREFT /8T — V%R T, HE
D% Znon-doped SiO2D[AIHT/¥% T 5 :

Non-doped SIO;

— VO T o HIBDEEICHE ST E’ eo0e //m< N4QG (3i0wt%)

S NANAQGIZIZ B & 2T Af ; e / - Nd 0 isignal

M % RT =% ﬁfﬁfﬁﬁﬂt&]ﬁ'ﬁ 5 4000 FA.{\ : :

CHRTV B, BEUETURME © 07 VAN

EENPLHDNBEIITASD e N
0 i i

FA A #‘/J\ s t&b‘ —ﬂ*ib:fﬁﬁrﬂll ? 4é;acl:|g of:::-aiﬂceaplan;sd [A“i "

ENBEIFDE =7 L) b HRIFEAS

[EhSo TWB2, Fig. 3.3 Nd doped SiO2DX#REIHff /85 — &~
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FIE RAENFIAPIZBIDEREETEDY T

SAVABORIID E— 2 2 AL ZNZFhOE— 2 238 L 725 ® % Fig.3.4i37R
o B IZGauss-Newton?: % Fi V>, GBI # I Gaussl8 B 2 ARE L 72,

2000

1500

1000

Intensity [a.u.]

500

Spacing of lattice planes d[A]

Fig. 3.4 NdQG@3.0mt%)? (I3 ¥ — 7 D ik 574

BonN-AFOY — 7 DF — ¥ ZTable 3. 11277 T o

Table 3.1 NAQGRB.OWt%)D[EF ¥ — 7 DEEH BT — 2

Position number Spa;::fegik]tﬁ «© Intensity [a.u.] FWHM [A]
1 2.692 112 0.027
2 2.807 543 0.104
3 2.926 1524 0.061
4 2.998 923 0.069
5 3.116 503 0.138
6 3.283 120 0.037
7 3.508 231 0.044
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3AJABOEIFRDOE — 7 DS % [ Table3.2  NAQG(3.0Wt%Y) XA A ik B

FTT 5722, Nd20s L Sio LA DR KR Y & R [wt%]
M ORA T BEAXESTEICLYH Si2 97
Rfzo FOREFR % Table321IRT, P Nd203 2.9
TP DR ADHERR S Lz D8 Fe203 Trace

FIZERDOEBEDT VUK T

WEEDPGDE, o T, DIPOHGEEHTLIEARICEEL ) B THA )&
13S1%, Sime®, SixOy”, Nd°, Nd203”, NdxOy®, NdxSiy”# L TNdxSiyO: " ThH b, T D
£Si& SixOy, NdxOy i I3[ANTEICIFFET B ¥ — 7 DA% . SiO2iF4[AE BRI
W=V RRT DI TRAIDS D EITR R B, NdxSiy ENdxSiyO: DR E— 7 %
TGAIDLDEIRL B, NdENd203IZ EH 5 K & {7z E— 27 2R T 28
RGP THI000CRRETMET S0, NAVHFEL L LTHHRL DICB LS EE
1t &2 B 72 DREEVFBENRT WA LIREZ IV, fto T, 3[ANERICHFET 5 H
FOY -7 3BILAF VL (Nd203) EERESING, T4AHEICRR TSNS
7 ¥ — 7 13Sioe D#ES: (11-252, 18-1170 ; JCPDS x-ray diffraction data) (2L 5 b D&
HEINS,

25 A% LTHELTWANDRO X (43-1023, 41-1089, 28-671 ; JCPDS data) Dik
EBTHhBHEEZLN, 2D H43-1023, 41-108IVKENTHLHbDEEZ LN,
43-1023 1R EN TV B ERBEDF— ¥ 2 513X 5 & (Symmetric  Group:  S.G.
P3ml, a=3.8297[A], c=5.9987[A]) TH 5 Z Lo b, k& &EIEEDDONIDLMER
BEE»S., EaPICBIFANdENIDEHEIES. 7[A]fzwa s L7,

§3. 2 REHELOER

B CRREN T ANMDELTWDE 2 FAIHN203TH Y. £ DNdENI D HE
AIAITH D L RO, BRIZLTIZ FTAYRIABIHLEEZFIESRITOTHA
9 Mo

C Db R 7O EBNAEFORABRZIHET 2 EBPULETH L, —#KICH
THITFE (NdLAL &) OBBBRIZRD 4 DIZ5HIhE,

a) Radiative Decay

b) Multiphonon Emission

¢) Cross Relaxation

d) ExcitationMigration
DT, Z0FHAEMR 5,
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EIHE FEFTIIPIZBIIBEAEETHEDL

5} ——— BE o 1 C =
— c " -]
| e— R S| C ] 3 Fy,tH,
— 3 ‘Fm — C C — “F
T 10} £ 10f ®
2 L
o o
> 5 Y
o 1.85um [ 1 “sa 2 IS A ‘lise
g s e s} #"J
w 1.35um Y ] 4 w C i i
1.06pm 412 { ] L 1 %Y
L 0.88um *lor2 - L —1 1
Nd* Nd*> Nd*
(a) Radiative Decay {c) Cross Relaxation
15 | ——— L S e I =
= —_—
| — R S C — C ] ‘Fen *Hy,
— ‘Fan = Fan
E 10| E 10} ?
2 o
(=} 2
3 B
£ Uen g [ 1 m
& 5 a
C 1 % [ ] [ ] ‘han
C———— ‘ha L I L 1 e
L — L1 = 1 e
Nd* Nd* Nd*
(b) Multiphonon Emission {d) Excitation Migration

Fig. 3.5 14 of2faEv

1) Radiative Decay (RD)

MY L-FHEETET R RELL, EBTHARTDH S, V—F—BRIIESET
ZDIEZDBEERTH 5,
2) Multiphonon Emission (ME)

BT DIRE)R-OHE 2 EDIRB)EM 2 <O fEL, LEEMICH LT FNF—%
B S A IEESTER TH %,
3) Cross Relaxation(CR)

ALETFEO V- —BBOHR MU 2 FIH L RAIEAETH S, Bhi2s o
Fr.ERENTVWERVWEFOMTITONEIAINF—HEEOBETH S,
4) ExcitationMigration (ExM) '

BhEe S 2 iF &, B ENTHWRWEFDOETIT b s I F b F — RIEIF D 3
BThhb,
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RKEWICHENEOREZ5| I TDIIMEE CRTH S, MEXBH IZIBA L7AH
WKL, CROBIZIINAENADEHIKEL, NAEFNEELTERE LTWS
LEICRING L, BRUBFICL BB T ZOEBDRIKFET 5, Eo T,
WhR LBEHEEFENEDDIEIIOHRZAPER L 2> TE I 5, EXMDBFE 1T
KEHIZIZELEEZF EREITHLITTE RV Z0OBEIHEINT 512D WME, CR%: &
DHEHXFLICEPND T REEVENT 5, o T, EXMOBREID LV L F
LV, EXMDOBEFEONIE NADEBEITKE L, NdEF295E# L TERELTWwWaS & &
WKERINSHL, BEIBTICL 2B TIIZDOHEEORIKFT 5,

CREEXMDEE R IEEE (Critical range : CR3 5 W IIEXMDHERARDOER L F L <
% HEREE) ICOWTIIERER AT I A(LG-750, LG-T60)IC BV TR ARG TE D,
FRZFhAA LNIABE L HBESh T3,

ST TR SN A-NI-NIBIFE S (3.7[A]) BB T I ADMEICLY 52 bhi
CROEEFEME (4[A]) &9 bV, o T, FEHTY I A ¥ Lz 57N H
TIESICCROBEITR I > TWA I ENTFHREIN, o T, MUEHXEEZRTIOD
EEZOLN 5,

EBRITIEINQOFRH TOCROBER BRI 7 AR TOCROHERIZ L L THA
Yo LU, BEEIERZBOFVHT I ALY EXFGOME,S D EBERIE
WZ EHbh b, o T, NOERPT TOCROERIIEEEY I ADCROFEEX L [F
BREPL DBV ENTFEEINE, WTRICE LBV I ADOCROEREH IR W
HE*5ZTWHbDEEZ LD,

P EDHRZTHESONIE NADEEASCROGERER (4[A) #=+5EE> Tw
NITEREHERRIEI SRVEIEG o7z, TREDEENIENIDEHEHT+5
LDTHD) o

RDOHERIZFTT 5 CRE UBMOBERITRD &) [SHETE 2,

—(Rox s |
E=(— "4, 3.1)
Z 2T, RIFFEMKDND & NdDILHLEE B, Roxid XA*D(donor) T & NIXExMD i 538
#E. XA A(acceptor) THILIZCRDEGR MM Z R T o AMIRDDBRIERTH S, EIC

N U7CBEER AT 5 A2 BVTNd & NdD L BEHE ASEXMD BE RIEEERRE CTH o 7o &
+5 ECRDET HFHERIFRDDBBHERIIT LTE.DRE VRO LD 2E4Ick 5,
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EI3E RENIAPIIBITEEAFEUETEOH—58
£=0.0023 -A, (3.2)
DEN. FNLETOIEFEBED H THEICROFIRIC L VT 21 BEH LD
FIIRDIZXT L T0.23[%1 L 2 DIFL AL BN CELREORICRDE LG5,

o T, TABEXMDEE B FDHKE Lize £2T, EERIINAQGICBIT S
ExMODEEREHII EDBRETHLDPERBOHZ LITL

<ETEEEE3 >
CRE UBExM® 5 P58 1 X Forster-Dexter OB L Y RO ITRD SN B,

R, = yEmy o, (A) -0 (A)dA (3.3)
T, cliE, nidEEORIFR, oo W)IFFEMHBTER. o) IR IR E

BEnT. FEMERTERE & RIWRBENARY MVIZE 2 E TR LR, B
BIZXDRESN, FOHER%Fig. 3.61I57F,

1.6x10?° 1.5x102° v T —

Emission cross section

Emission cross section

-
L]
oy
Q
-
»
o
o

-0
-

Cross sectlon [cm™

| F Absorption cross section

[}
700 760 800 850 049 960 1000
Wavelnegth [nm]

Fig. 3.6 (@) NAQGDaoo™(A) & ox™(L) Fig. 3.6 (b)) LHG8Doo™(A) & 6x™(A)

o
x

-
O,

Cross section {cm’ '}
n
»
od
(-]

[] ' . L 1
850 880 870 @80 %0 900 910 920
Wavelength [am]

DEOEEIPSGCHRZHVTEE LAEIZRDLEH TR S,

Table 3.3 NdQGK U'LHG8NExMDEEFEER (Rop)

NdQG(0.32wt%) LHG8(0.6wt%)

Rop [A] ‘ 9.3 10.8

PED#ER LD, NAQGHN THONIDILHLIE #EIZ9.3[A) LA LB Z &35 h 5
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B, BB/ DRBROBET I A (LG-750) L FAEDL —H¥—H 5 ATHAHLHGS
DREEERDFHIRT, FABOBEYSAICBVWTIEREBIRZRECEL2RLTVRSZ
EWGHB,

§3. 3 VIR IDKEE

BEICB VT, AERICHFET ANABEHELEREI T & (REPFLELT
8 < A2I39.3[A1 & WV D HLEIE AV B 2 Lo o7z, B 1 ETHNZBEDR
BICBVWTIZZ TSR IDBRERAFEFZ2IF—7T5 2 LICLDITo TV,
Lo L. BIEE TICHA S N TEH —580 FEIMEFEH., KT 28z s
BWBLENFETHH, BANICEORESY —SHPER SN TVWHOPH LD
THWIEDPY D, KERIZSAZBZELZVWEITHIZ O A XIIBITEI TR
FIZELUTWATEEND 5,

FAITS o LYENICHBHEHL B IFELLILENH S, 2T ). NADFZ
DR FHRTHE o ZRETNdE F—7 75 Z LSk nIE, o &) REHGIR
BLTHETTHS, LTICBWTIBESILRK M T A2 OVWTIRE T 5,

3.3. 1 ¥—oHEHbA DOER
AEFIZBWTHERTEDY —58EEKT 512136 2 1dSol-Gellk TH 7 A 21k
LA, TIVEELIBICY MR F S RETNdE F—7 752 DT
Hb, AUz BEOCYWEEL LTIRDIOBEITEN S,

Table3.4 ¥)—HEHHEHBA ((FTHRUHBR)

75 L%%W BT EF RS | X
SRV oA | B | AR B |FRER. ATHE, g | 17)
7o —

220 .| ' | wntan |RrmonansL. AFER. i | 18)
LnCa 5 ¥ | MR, AFEE. R | 19)
e & | ELam |FLIIYAGE En kG, MEOMEE | kL
SRR — R L=T
HEE | A | etew | A3, wss, Sl
o . - ;
FLaE K " AHE - R | FRERY . ATE - BUEERE BRCe L |21723)

. T WA D. WEBE. (7 R B oC |
zeolite A | RS im0 g o TR AT, N )

*I Lol dHLWTHELER TS, *2 GC (Gas Chromatography)
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BIE FENFIPIZBITBEEETEOL—5 8

BLED &) Y EERTTEDE —5BICENTH 255, FLEORLHIHE X
h, ERARBICHDYVAFEVPBSLIDPFLT L v, BED X 2682 E-T LD
HEBEAE (FL—1) LzeolieDAhThHb, 205 HLEREHKIIEDTEIHELY
THBHHE., Sol-GellkILL 277 ABUERD I VLB CBWTHEEPHH L, BED
PRICEBDOERYHPEATI SRS L BTEENNH 2 L 2E L 5 LFE5 idzeolite
NHTDH b, H£2 T, zeolite ¥ —FHHBIFIL UTRIRL 720 zeolite® AV 72 /3K
HTADE—SEEIIMICEE R VI LWPRETH 5,

3.3.2 zeoliteD M E?

zeolitel I AL LTLX K HONLEROMBATH S, ZOEEIIIEFIIEL, KR
g LT40tELLE, BEEA T4 b LTIS0ELL LD 52, zeoltield 1pmIEE D
KThH Y, ZOEHTHEES,ALOFICL VHEREINLTWS, SitAUTF PRy F
DRRICORFEEF & L CreoliteE B2 R T B 45, AIEFILBEE 3MTH B -0F b
TRy FORLGEECRO LBEEFLOBEA BT A FADER 2 BRI 4
L%, (2T, TDVA FADEHDOEBLIINGLKEDT V7 1) &8 Mg, Cak D 7
VA LBEERMMIET %,
ENODREREBIIKBEFD L VIEBEFIIBNTHOLEAF > LB ICK
B b, TNhzeoliteD/RYT A A VR TH B, TNOLD A F > RPUEHITTTE
WKLo TELEVPRTI-TBN, AFDOLLTVHDODIFICA VI NG, F+
FIT—RISTNVA)EB LY bzeoliteHIZE DA T R TV, zeolite DEEAR B E AT
DOSIEAIDHRETE»C " BREEETITHEATH )., ZoFitlArBS#HLTN S
O AT URBIFERFIAT S EBEUTEOH —FHICHER 2D 5 L HSER
N5, zeolitelZBY L TIXFFERIICIR T,

zeolite DHH % IR T 5 BRICHERE L 72513, zeolite 2 BV AT ETHREN IR L L
TORMTHEETHEELET S, 2F 0, TEEEZBO TV VEBR I T VL) 138
ERDBAE SV, BIBRBKOBMEZBCI L THD, SHIT, BEMERLHC
2B S NANAHRIRDONIQG IZ BT 5 B REMI AR ERBE SN TV AL YE
MH b,

LED S, Zeolite X ZI—HHMFH & LTRBTH 2 & 2ikdi, REICH
VT ZeoliteX DIFEIZDWTHEMNT 5,
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3.3.3 Zeolite X D4EH™

Zeolite XIZF LEAHEA 74 FOAR, YRILFATHE S DERELT T AL DT
bELMAENLR D DDO—D2TH B, 1960F [T KE DLindettiz & ) &5 & L TLLk,
B ENCB) B SRERAE & L COEBICEY, Mobiltt sl & LTS
A DA A VB ENTAEEATA P (BREEF T4 b)) 0BT 2H0EEE ORF
A ENTET, oT, INLDEHEEA T4 ML THEA F V& 57—
FR—AVEETHS, PTHHFLIBEERBO SR EF T 4 MIFEFEEI TR WS
EEMONTBY, HEEAFURBUCBLTEE S OB, 7— % 255 57,

Supercage

= 3

(a) Unit cell of Zeolite X (b) Site occupation of Ln™
after some treatments

Fig. 3.7 Zeolite XD ZEAME & BRA LI A A ¥ DZeolite X TOMIRE B,

Zeolite X D F:AHE & % Fig. 3.712/R T o Zeolite X1d & 5 IZB-cage & double 6-rings (D6R)
EMHEND LT X Y MEEBICHEIE NS, Zeolite XHDB-cageldDORZAGIE LIZ LT
TrIRY FORHEL LD EXBEPRIZE T NSB-cageDEUISME. DRIZBWT
216f8TdH 5, Zeolite X D—HM 2 (LEK % KITRT,

Nay, [(AlO, )y (Si0, ), ] -264H,0 (3.4)

o T, EFREPICETREDSID L CIZAINFE L. 5D Fig. 3.7(a)DTHE
HIMNEBLTBY, TOHEARLEZRERTFIER, AUFEFOEDS 75T NadTETE
L. TFRENSI"SSETOY A MIRETH, BFEIXEFNIIME THEAIHEL
.’C\/\Z)o
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BIE HEFIAPIIEITZEHAEBEET RO —5E

Zeolite X R Y BT 2 H T HITED A A » KHFM X Sherry (2 & B RATHE
BRIV, 4 4 VRBEENALEAF VR SATKBEBICEREF T4 F 2R
ETAHIELICIDEREND, BEZER (25C) TidZeolite X IZBWTII B T85% ,
Zeolite YICBWTIZ69%D A F U R| L E LRV, ZHIELn* D4 F v EEHK
EVODRDERZ T D IRIT TSI A MIFETZ16M (FEARHEE HICD6RIZIG6
BHEET 57:0) ONa' 41+ Y ERZEIIRKBTELRVW/DOTH S, YRHOBHREHIK
WDIXAIEDNS6 LBV D TH B, TDAF RIS F U RKPKBEROBED
FRCINLBINAZEPRBFIOREINTBY, €454 PZRALZIM

(1[mol/L]) DLaCB3/KE# % 13 H B100CICAREET 5 EXEITII99%, YRICBWTH
N%DRWREZ/DLDIZHEII L TWBE, €25 T, Zeolite X5 Z & THIAB L
TVHNEBDREAIEF T4 PRICBWTERUTIHIZONS, Iz T
3.0wt% DNAZQG # BET B Z L 2 E XA B EREN T ARIICHERE T 5Na200 & 1

0.071[mol%] & %2 U . B ELEKOMEIZ627x10' K e TR NS, (FH5H) o

<EBEEER4 >

Zeolite XIZ BT B A5 TFITLENI)DEHR
RERDBIIROER 2T o/ 1F >
P LTESBZBINHDOE TELS
ZiZ L7
a) BjALER

BIALER & LT, Zeolite XDPIZHEET S
Naf 4 Y ZIFEHT, TD2DHIT, KD
MEE4T I o
1) Zeolite 211.21[g] & 3MDNH4CIIEH %

keeping at 100°C
for 2 weeks

stirring

LI ZRE LIOFRERET 2. 20%K. | o O
Zeolite D A % JiH T 5, LLEDHRIER
273 AR D KT, Fig. 3.8 Zeolite XO £ * > 35ift

DLEDWRIEIZE D, Zeolite XHIZHFET AT6%DNaDNHe' 4/ 4 VvV ERP|ENHEH
MICPRESITICL VARG,
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b) 1 F Ak

1) ATALE % L 72ZeoliteX % 0.33M NACB/KE# (NACI3 - 6H20(0.33mol) : 119.56[g])
LR A L CHE#ET 5,

2) BIRDIEAH % 100[ TR D 3 AFHEHET 5,

3) 3 HRE#EEE, B> SZeoliteXDAZIEI L, UEDHEL 4 @Y KT,

NAIZEH S N7z ZeoliteX I THRBEZE Lo LLEOBIEICL D HEEMIINdE 1 4 >
AR EN7zZeoliteX (Nd ZeoliteX) DEBERTIZICPRIEFTHEICL VRO LIRS
n7iz,

Table 3.5 Nd Zeolite X {B #15

NdDASHask FRSINaj& i
B9 (%) 96+3 43
8 [parts] 27.5+0.8 3.4+2.6

DErD XS LTEHONHFLTEHAAVERBEF A PRIFOERBEHIC
Nd” %227.5fF2. B LTIhLDHLEA 4 VIZLEL SN2 .3[A) %
W7z THAI) o ZDHEEIEIBenett FDIT o R VRE L 52 T NB®?, 1§
LR>FTEAAVERBEA I A VOREL LRSS, BARKLTwo 2L EDOL" D
BT, Lo ZEEV LA T 514N, S1 A4 b0 F DDROHLLE HFH T 55
BOBL DI LZRLT, HREED F— 700 5D6R O D fEEEIE8.8[A] &
FEINS (Fig3.7) o 7T ABEEIZI000CLLLDRETIThN A0, Zeolite XD
WEFBIZL Y BESINS (1000Chl L) FTREDEHELRD, o T, EXE
ERICEINAL0" DEHIDROE (1648) 2 THIUL, ¥ —SEASER S N5 T EE
HIRIBD THWEPTFEINS,

DA E DN B Zeolite X 2> H 5145 = Nd* 2 HLY D F  IZIdReesFEDH R L BEICL
=®o  Supercage (S4,S5% A4 FASFLETHEOKE L) LTINS Zeolite YOI
HbRELRYA MIEE Ll 3BT v EZTKONHS & A4 A O RBICEVE S
WY B, FIRTHEE LLe™ 22100 Y B S LD RETH B, T DHF
AF VM ENTZeolite YIZERIRBPTB I ebh, HRONIHERBOD DL ITR
B EIEET S, ZeoliteX & Zeolite YiZ F D& £ F L DT, SYAIDED
ARBRLDLERTHEDORAMOYEIMETE L, 61T, ERTIIAF M
TE2VERFICI00COKBETA F VR EFToTHBH ., BHEDZeolite X ITBIT 5



BIE AN SIAFICEIBEHIFHTEOE— 58

NH4' D A F VR #DisothermliZi & ) FRAINIBREL OFEBIZIERAEBEPICB W
TILERBETHLHOTY, @7y F=T7KPIZBWTHNHS &M F VR v
Y9 BB HEET A ENTFREINS,

< EFEFEERS >

BEBHFTDNI ZeoliteX PICFFAET ANI* 28417 €= T/KDNH4' & £ + U
TAREICI) - BV, TOREZ—EDAIToN, O, ICPRELESITE
W) AHICERETEANADELZFARLE 25, 50% (14.40) ICBALTWwWA, &
DEHKTHNIE, EXEETICDROFETH16HL Y AL VDT, Nd ZeoliteX
FERICEYD., BAKIHEATHONIIIDRDAIHELET BHEENEL & 5,

DrEo@EHRL ), BEHRSINANA Zeolite X% 8T €= AKER TRET S
T, ABICHEETHRSEND (DROF LD LFEWND) ZRYERL S EHTE,
Zeolite R EHDDORO L ) UNADE 2 WIS LI LENFTESL, TOFKE,
B XN 7NdIZZeolite XFERPICBWTRENF LR L., BAKIESLICTONDERD A
rEETHHEEFEL RBEIENTT o7,

& 51T, DORICEHR S N7-NDIF8.S[AIRRAE S W, BEHEERI LIS WEE
L 7:NdQG NDExM D E5 R BE 9. 3[A] L FEFIE WIS T 2 AR I Nz, o
T, TONd Zeolite X% VWA Z & THEN I APDONIDE—5 %155 2 & ASH A
B EEZOND, Zeolite HWAFIE 2T LB LEROKIZE B,

1. ZeoliteldSi,ALNa,0H 5% ), AEI M) 7 AE LTy FFT5Y,

2. ZeoliteHEDH 4 XiZlymTH Y, a0 SV iz 5S0l-GeliE & D
FEAT LV,

3. Zeoliteh & T 1B AURTFIING” DB 2 B 2T 5%,

FIZZeoliteX 2 AV B F) G R DFRIC 2 5,

4. ZeoliteXHIZE& TN AHNaldlTIR100%Nd & B E N BT,

5. NdiiZeolite X FDHER et A4 N ThH ADORISEIRMICEIRST 5 Z LATWHET
H Y. ZeoliteP DN & NdDFEHEIIS.S[AIMRHE S L B™,

6. ZeoliteX D% FiirEI31000C LA LM - X Y EE SN B2,
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§ 3. 4 Nd doped SiO2 Glass&fE

Nd Zeolite X % Fi \» 723 — 453 #EINd doped SiO2(NdZQG)D B4EIdFig. 3.10D 7 0 —F
v— MCHET B, Nd Zeolite XIIE BRI D L D289 7 ¥ £ = 7 KBRS TR
HLADDEHVE, BROLEBIIEMT ¥ €= A KB IINAEE O % B HFE
ARG BB ETHOETo 3D 2H N, TOMBEORIC D HERNG Zeolite X 1

a2 2L TEY, ZeoliteX FITIINIA Table 3.6 NdZeolite XDE&E (EE)
BEINTVWLHEIEGTHTS, TOREDONI HEOBARRE NdZeoliteX T U%
Zeolite X PIERICFFAE T B Zeolite X IZ B 1T 5 0.1wt% 1 110.1
+ ~ l] =
NHs' A & > ORERRE (=0.62) £V, 0.5%1% i 213
Nd ZeoliteX PIERIZFRAF T ANADE I 1118 oWt . 101
LUwi% .
L7 BT, SOENILEEENS
. ) : i R 2.0wt% 1 4.6
Nd Zeolite X 2313 5 ¥ 7 2 RATRE
3.0wt% 1 2.7

W= (FEE) 13Table3.6DKEIC 5,

§ 3. 5 Nd doped SiO2 Glass? FFifi
T & HHSo 72Nd doped SiO2 Glass DFHIiIZRD 4 HIZDWTHT - 72,
i) ¥—oEUF R
i) 7 JEdF R
iii) BA43 BUPR BT A
iv)RDA (Criticalrange for cross relaxation) DHEZE

DTN ThOREGRZRILET 5,

3.5.1 ¥—5EdF i
B~ BT KD 4 RO T TR L 72,
a) Fast Decay Component of lifetime(FDC)"
b) X-ray diffractometry (XRD)
c) BFEIR
d) Bh2H AR PV ERINA RS b L»

FDCiZ 27 S AZAL LANABRE THRE OEELBRETH S, 1€ > T. FDCOHFLE
AR EINLLATIZI TAIPELTWB I LIl b, XRDIZ§3.1IRLAZ LS
WCEETFAPILELSE 7 FAS L 2HEMEERTRT, o T, 7 I AINHFLE
T5EXRDICE— 7 HHNDE 2 LIlh D, BRFIREIREEOBPEF I T2
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BAEXTFHOTREN, ZOFEIFEF D DT L Cross Relaxation (CR)DFEZE A
2L, AEPICBOWTE—IZOBENTWE I L35, BIREXLANRY L E
WINA Y M IVOFIKIIHIRDOTE L (extinguishedcenter) DFELEF = v 7 127% 52,

3.5.1.1 Fast Decay Component of lifetime (FDC)"

FDCO HI5E Fig 3.9 1R TEBRR T o/2e  BHRICIINDYAGD 2 EEHRAE Qo :
532nm, 10ns) &AWV, B ICARERERK L 3HERMAK L LEICS2mmOT# 7
AWV E . FHARIX (HA30) 2FA L. 6127 XAICLY532nmbrE L, Rl
23212 Pin-photo diode (UDT; PIN-8LC) % H\», #* ¥ T X 3— 7 (Tektronix : 2430A)
THMTHE L. Fig. 3.10ICZDRKRERT, KBDOE, 7 IFAF{LLTERW
54y T 5 Slow Decay Component of lifetime(SDC) b [F]HF 127K T,

HA30 532nm filter

Nd:YAG_D_[: H

KTP crystal
Mirror
Sample
Screen IR8S filter
Detecior
0sC
“0SC : Osciloscope
Fig. 3.9 FDCOHll5E %
800, 200 - —
NdQG  (3.0wt%)
. ~ 1o e NAZQG ~ (3.0W2%)
F a F'\ | S
NdZQG(3.0wt%)
g o0 \_\ J Fas.ow g o S i
£ 200 N £ 50 heVa\
R N -
0 200 400 600 800 oo 200 400 600 800 1000
Time [ups] Time [ns}
Fig. 3.10 (a) NdZQG(3.0wt%Y>SDC Fig. 3.10 (b) NdQG& NdZQGNFDC
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SDCIEINAZQG (3.0wt%) IZBVTDHH Table 3.7 NdZQG= ¥ 5FDC & SDC

REFE &h, 308[us] Td o 7=, FDCiZ

Lifetime [us]
) 3 Sample
NdQG (3.0wt%) | iil/\’CO.3[ps]'C§) D, —n SDC
NAZQGIZBW TR SNz o 72, TE NoC
5T, FDCOREE & IINIZQGHIERIZ & Gowmep) ~ otobserved 308
FAY DEEDLZWE EDGH B, Table (31\1(;1\85%;) 0.3 not observed
37 ER F Lo, -

3. 5. 1. 2 X-ray diffractometry (XRD)
KIZXRDIC & ) NAZQG O # &
HEFML 72, £ DR % Fig.

3.11127R ¥ Fig.3.31CR L1z 2000
NAQG D [EIFTRICIZER & 2 1K & < 1500 |
M E2RT E— 7 HBANNEICER :“; 1006
Tz HNAZQG D B i idn &
D= =Y DHEIFTENATY = 500
5, ftoT, 79 RXAZDERE 0 ;
7% ANd203. Zeolite XZFE DL Ghi ® Spsacing of I:ttice pla:es d[A] 2
FHEE T, NIZQGIFFERE DK
BTHLILIHIALINS, Fig. 3.11 NdZQGB.0Wmt%YOX#REF/v ¥ —
3.5.1.3 ET%FE>

RICETFHEROPEIC L 53— . —
SEHEZFMLL, FOKERR g gy SO oSl Hemed
Fig. 3.12137R” ¥ NdQG!Z1.0wt% 1 v
IR BETICARCRTHEN o OO ¥ $
BRALTWR I LSS Hh2, % f 0-6 :
MIZ5 &% X, NdZQGIX1.0wt% £ 04fe
1= BWCNAQG#50.07TH o7ed O 0.2, T
b:ﬁb‘ O.Si'@_tﬁ-l/'(‘l‘%o 00 0.50(: .1.5 2 2.5 3 3.5
2.0Wt%IZB VT H03BEDE% Nd Concentration [wt%]
RLTBYH, H—5BOFES
PERTWBIENIL S5, Fig. 3.12 RFHERONELER
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BIE FHENTIPIZBITZEERTEO—FE

BZIC, BEEAXISTHHENTWA L —F—F 52 THALLHGS (EEEH S
A ; HOYACo.) DEFIHROFKICRLTBW,

3.5.1.4 FEhHEEBEANRZ PNV ERINARS VP

ArbuzovE Iz L UL, AID T F— 7 L ONd doped SiO2 i BV TIIFfEH LR ~ >
FVERIRAARY P VICA—FPFRN DL, KO IECOBRZTIC. 29 A5 OHFE
PHEEEFIZEIT OO LFHBA LAY, LUTIINIQG ENAZQG IZ BT B Fhiig A ~<
7 PVERIXARZ P VDEIZDWVTRE o

2x10°%°

(U]
— (2}
1.5x10*°t 1

1x10*°F

sx10't

Absorption cross section [cm’}

:
500 600 700 800 900
Wavelength [nm]

Fig. 3.13 (a) NdQG(0.32wt%), (1) Excitation
fluorescencespectrum, (2) Absorption spectrum

0

PES] AL — . . .
i m
§ ax10'°% - @
a
g 2x10%f
S
[
(-3
B ol :
2 'n - :
o boae o 2 ol i Y -
500 600 700 s00 200

Wavelength (nm]

Fig. 3.13 (c) NdZQG (1.0wt%), (1) Excitation
fluorescencespectrum, (2) Absorption spectrum
\

2x10'?° "

m
— )

1.5xt02°f ]

sx102'L

Absorption cross section [em]
X
Q

. PN AR E N /,\'“
500 600 700 800 200
Wavelength [nm}

Fig. 3.13 (b) NdQG(0.77wt%), (1) Excitation
fluorescencespectrum, (2) Absorption spectrum

4x10?

(1)
3x101f @

2x102%

1x10'}

0 J ) L [\
500 800 700 800 900
Wavelength [nm)

Fig. 3.13 (d) LHGS (0.6wt%), (1) Excitation
fluorescencespectrum, (2) Absorption spectrum

Absorption cross section [cm’)]

NdQG IF IR B 2 A2t 2 T, 750nm & 800nmiIC K E L AR—FABE L TWDB =
ENGFH B, NAZQGIZBWTIZFTRTDITA VY TEL—HLTWB I LD 9h s,
HoT, COHERPLL I TR DFEIENT L A5 5, LHGS IZ b FEIcAR—
HIERONBWIERRLTBL, MED L) A3z, BIUI T 2058 % L
VIR O FEET S EETT,

7 JAY DFLEIC L B IERIH0 I3 Tudd-Ofelt DFFFTIZ X 2 BRMEIC DBEL OR
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—HEELD, UTIZOERERTY,

Table 3.8 LHGS, NdZQGR.UNIQGR 7' I »F » 7'V %, BafE (Judd-Ofelﬁ EEEARY PG
BHLUAERMEIREINTV S, Rid'Fe. WXY,ZI3 0w, I, Ine, Ie DRERN % 7R3,

Concentration Prz Pry B'rx Brw n
(wt%] meas. cal. meas. cal. meas. cal. meas. cal. meas. cal.
LHGS8
0.6 0.362 0411 0507 0486 0.127 0.098 — 0.005 0.896 0.978
2.0 0.322 0417 0.532 0.482 0.141 0.096 — 0.005 0760 0.894
3.0 0.286 0.406 0.570 0492 0.140 0.098 — 0.005 0.728 0.829
NdAQG
0.32 0.556 0.423 0372 0479 0.068 0.093 — 0.004 0.220 0.342
0.77 0.546 0410 0420 0.488 0.030 0.098 — 0.005 0.103 0.683
1.00 0.531 0.425 0.421 0477 0.044 0093 — 0.004 0.064 0.972
NdZQG
1.00 0418 0.383 0.473 0.509 0.105 0.104 — 0.004 0531 0.588

IR R 7 bV %V 72Judd-Ofelt D FEHT I & 5 HERME & BBEHANC X 2 EEREIC
B DHEIIBRZIEBVWTREVWI L5 H 5, ERMEFERMBEI Y b/AS CGEES
El BT BELTVAB I LIIBRNOEELEZ LN, LHGSILBITA A
VEWITHEME SN DY, NAQGIZBWTIIERNOZEIZREL L IXHENRTWB DS,
HHRELDDIFHNI EIEIFHAFTP LV, NIZQGIZBWTIZ L —H LT3,

Judd-Ofet DEFHE L DRV EVITHGRMED
LCEIE SN BEFHEORVENIC KBS [ asas T

NdQG
%, Judd-Ofet DERIC L 5 BRTFFF0Ft g °°f © MW §
BIIRINANRY PV LBENICS 2O A :E; 0.6} ‘ ]
ERHRLELFEGOPTHEICL-TERLS §°* o ]
0.2 A }

N5, BFHRICHE L CIZERME & ERMEI N
LETRRBH, £OBREICKHT 2 EMIE—3K O onentraton el
T3, LHG8IZB W TId R ME & £ ME0 R Fig. 3.14 NdQGHRFHEDEE & BRI
FEVZT Y A BAMEE A —F L TV B D5, DEVIEL,

NdQGZ3f L T ERHEL MMM Z R3O L, BFRE I @ % R 5,
Judd-Ofelt DEFHE & DRV SIRUNAF L& BHFLH—FH L VD DONFEEL
TW5AHZ EDMERMLFTFME 25,
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3.5.2 othEtEETE
NdQG & NdZQGO 5 5t % Fig. 3.1512, %2 F & 72 b D Table3.9127R T o
U EDETEAN L —a 8o E#omic ST ow THRDOW EA
Bohi,
i) #WHDE— 27 EEI10620micT 7 b L7z,
ii) ‘F3-Tne (lpmis) OEBOFEILAEML 72,
iii) FE R BT ERESEM L 72, ,
i)IINd:YAG (Peak wavelength 1064 [nm]) DHEIFHEZ L L TOWEEEZRKL T
o WHE. NAL—F —DFE, lpmTBEOX M) o X, FHEHH I EmH I HERT %
WRELERT BT A5 TH B, i),ii)idV—F—E L LToOFEErmELL
ZEERT, '

120 . r ’ 120
100} ] 100} —
E, 8 of ] g sof ]
2  sof ] 2 e6of ]
g @ 1
2 40 N 2 40l l7 ]
£ £
2 0 . 20l N
0 j\\—A 0 —_ ]
800 1000 1200 1400 1600 800 1000 1200 1400 1600
Wavelength [nm] Wavelength [nm]
Fig. 3.15 (a) Fluorescence spectrum of NdZQG Fig. 3.15 (b) Fluorescence spectrum of NdQG
Table 3.9 Summary of spectroscopic properties for NdZQG, NdQG and LHGS
NdzZQG NdQG LHGS
Properties (1.0wt%) (0.32wt%) (0.6Wt%)
Peak fl
eak Huoreseence 902, 1062, 1336 907, 1088, 1371 887, 1053, 1323
wavelength [nm]
Linewidth [nm] @1um 50.5 55.7 26.3
Peak stimulat issi
eak stimulated emission 117 0.59 1.7

cross section [x 10'2°%cm?]

Lifetime {us] 403 485 330

Judd-Ofelt parameter

Q2,Q4,Q6 [x 10 %cm] 8.1,2.8,3.5 6.2, 1.6, 1.6 4.4,4.7,54
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3.5.3 ERAFMEETAE

RIEIICB VT, Nd ZeoliteXZ AV A2 B THBILETH AH—THsBELNE T L
MBS o720 KIT, Zeolite XTHWA Z & THU L HEBEROEBILICOVWTE
BYb, E2ETETLL) THARTEIHFHFERERT LTS EICL VEFES 1
5o teoT. BUEMEZEMIZ (2.8) RICX ViThh., HERHK, H{ZER, K7
V. XYY TE, ARG A= L hoTWh, BTV Y, ¥ 7E
BH T ADHMBAZALLTOREL B LW EXHD o TBH*D, ®ARIES
IS ADYEEOMICHFE 2 EORBKEBICHIEFETS/20, Thbid o Tid
RRICEE LRV,

3.5.3.1 HERERE

METITR L2 X 9IS, Zeolite X2 AW & E DNaDRARIIH T B4R RBED
TALIZYAG DO BRHERBE 2 HEEL LA L EICFORBEEFH LTS, AIDR
A X 5 RREOE L IZAraIc L DAL TE Y, Nd203 (0.29mol%) .
ALO3 (2.9mol%) DAEN T A DFIETRRILD (EIZ960[ T BV TTx10'[K'1TH D |
KR IEA T 2 DEH150[THI BV T5x107[K'] T 59, %72, DemskayaZs b AlD

BA X 5 RREOBEINIINGO: (1.0mol%)-Ak0O3 (4.0mol%)-SiO2 RIZB W T11x
107[K'| TH B EMESNTNDEY, o T, Zeolite XS Z & IIxT 5 #EIR
BEICETAEEIEVWD D EEZ NS,

3.5.3.2 EILEERT
BUHELE2ETHEAMLLL
I V—=F=7F v YaETK

B 72Fig. 3.161ZFDERERT, 512

NaZQG i BV TEOMmcE £ YT TS

s TEFoREHEORSHR §R | ’
LRBH, YT 7 LYRIZAL §§4 )
EUVFVERTSALIZZE ES . B 510 (soroe 12007 :i:t:::*~
BECEERLTWE LA ) 90.2 0 o.2’(1';:.d :;s“:o‘.s 1 1.2
Y. ZeoliteX{BAIZ & 5 B fiF Nd concentration
DETIZIBELOWIBIZB W T

15%FEETH B WD b, Fig. 3.16 BZEARMONE
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3.5.4 Roa (Critical range for cross relaxation) DHESE
§3. 21 BV TIEBEHELIINIG-NADEHIEETHILICLVEE, ZOHBDEE
IXCross Relaxation (CR) EMFIENBBEHBERETHHILERLZ, ZOBIMBED
EEWERT/INTA—F E LTRAVHFET HZ EZ/RL7Z: RADENSEDRET
HLOPRMES T LidZeolite XIZ & V) 52 728 8[AMENE R TH 5 Dh % K $ 2 F
Bicie B, L L. ‘Fa2-"LispDBRIIFEEICHE . BEOHIASTALEE TIIRET
X\, o Ty ZOFHICBVTIIRDADEZHEET ST L 1T,
RoADHEZEXRDFIETIT o 720
i) NIZQGOHEILARZ P VIZ L D, ‘Fan, ‘i3z, ‘T, ‘BpDEMNET 1T 14~
712 X 1) Stark-leveliC 5785 5%,
i) ‘Ton-“TispDRTRINANRZ PV LD, 521281} 5 Stark-level & 3K 5
i) “F327 515202 BB T 5 LStark-level l DEBHERIIEZELVEIREL.  ‘Fie-
NUsnDBRBIZBITHLARY FVEREZTFREL, BOMET1 L25 L) I2HBML
LICARZ FVERD B, (gy"(N)
iv) ‘F3/2-TisnDBERIEE 13 Tudd-OfetDFEMIC L D 5- 2, FEBUHBIER & kX
CE DAL, (H8T7A—F 322288, )
64n’e’ n(n® +2)° b

2

STV STy hu'dQl((s, L s eory,, L @)
2' 2
o (W)=t A g5 (Y (3.6)

v) BBEICGE3)DEHVT L2 TisnORINA RS+ Ve, ™(A) & F32-Tis2 FHE 1

WiE o, WD EERT OESMED SRoADEZHEET 5,

BB, HITABRIIBIT 5 EStark-level DJADS N IE T T AGH TH 5 ERE L, Stark-
levelEl DB TH 2 5 N5 BRI LR & T 8 D Stark-level DIL AT ) DEFMETE
AbNBIDET B, X, TOMDGA (KVvy < rfdk &) 3ERL, 74
7 4 ¥ 7 13 Gauss-NewtonE % F v 72,

DEDT714v5 14772k hEHE EN7NAZQG & LHG 8D Stark-level D HELT [X] % %
FKOMFEFKIZRT o

FHE S h7zStark-level % b £ 12, ‘T2 TispDFILA R Y b v, ™) & ‘Faz-"TispDF

RO W o MWD AT M VDEL Y 2R L7 D %Fig. 3.17127R T
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1x10%! 1x10°**

’; sx1o™ &-‘ 8x10° ‘ku.‘ ;: transition . Fasr sy transition
|3

& R . A

5§ exton 43214} transition ‘F,, '\, transition = sxton AV

2 - ¢ ¢ 3 . l I \

®  4x10 @ ax10

2 3 W« \

§ axem PN '/\‘ § miom d \;

0 / \’y\. 0 J ; \

1400 1600 1800 2000 2200 1400 1600 1800 2000 2200
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Fig.3.17(a) Overlap of 6,**(\) and 6"(A) for NdZQG Fig.3.17(b) Overlap of ,™(A) and 65™(A) for LHGS
K@B.3)ZH, Fig. 3.171CR ¥ 0,"A) L op" MWD EE T DS A HRoa% K& 7
b D % Table 3. 10277 T o

Table 3. 10 Critical ranges on NdZQG, NdQG, and LHGS, a) Ref. 13)
NdZQG NdQG LHG8 LG-750"

Rpa [A] 3.2 2.9 4.1
Ry, [A] 9.4 9.3 10.8 11.1

DEOFEDSE SN/ RoafEiZCardHIC & DIRENBEREY 5 21T 2 E (&
Fa)) LY HAEV, Thid, KRECBWTFnd 5152 18§ % &Stark-level [
DEBERIZIHELWVWE L2 L E, Stakleve DD e T I AGHDATEZ LD
L7tk adbneEXLNE, L2L, DEDEEIIRADHEE L TIZRE
WEBZEXTWwWEDEEZLND, FHEFIZBIFARADER32[A1E T2 L
Zeolite XIZ & ) 5-2 SN A IEESE 8.8[A] ICFREE X N /2NdRI LI BV TCROFE Z 5
HERIZG.DED

$=0.0023 -A, 3.7)

&%), CROMEZRIIRadiative DecayDHEFRD0.23% L %2 ), 8.8[Al& ) JEEEATH
LI BT ANI-NADE—FEUST TR H B L 2hhrb, 7272 L., Excitation
Migration (ExM) (XRo0%%9.4[A]Td 5 Z L A HRadiative DecayDHER & (FIZFFEED
MRTRILI LDIDDN S, 1o T, EXMENE LLERBRIFEL, =VF7 4/
YIRFIEAME o T, BEFHEIRE S NS,
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FBIE AEIFIPIZBITZEHMFETEDE—5 8

§3. 6 #

AETRAEFICBITLHERETEOY—FEEMIIODVTRERL, BoN-ER

BUTO®E) TH 5,

(1) NdF—7VVIFVAEERICELE 7 T AT IEINQODZERZTHY, 25 %
MERICFETET ANA-NADIEEEIZ3.7{A] TH B Z LD h o7,

(2) BEFHLEEITERIINIEL:OHEEHIC X ACross Relaxation (CR) 12 &
5b5DTHAHI EH/REN, Excitation Migratiorfe FED Bt #1585 Z L ATHiIkN
IXCROFEZE HSRadiative Decay (RD) (23 L T0.23[%IFEE L %6 B Z EWRE N,
+ohRHEEE 52 bDEELLNS,

(3) IFABIFI & L TZeolite X% BIRT 5 T & TZeolite XH THONIITHE M DFREE
FREE A8 QA& T AT LATHIR, FIABICBIT AIERTEOH -5 EES
NDEZ DRG0l THHIEZeoliteXDRDUEIZX 5,

1. ZeoliteidSi, AL, Na, O H %), AET M I AL IV FT 5,

2. Zeolite3EDY A4 AR pymTH Y, a0 ¥V b ik Hv5S0l-Gelk &
DRIV,

3. ZeolitetPIZE EF N B AURTFIING” DOBE 2 EM 2 ENT 5,

4. ZeoliteX PIZEETNEHNaD92~97%IINdE B S B,

5. NdidZeolite X D4FR 24 + TdH SHDORISERMICEIR ST 5 2 & AT HE
TH Y, ZeoliteF DN & NdD IR EEE#138.8[A] TH 5,

6. ZeoliteX D5 FAEEIZ1000C A LOBMBIZ L VREIETE 5,

4) B—o0EdFEDFMIZFDC, XRD. EFHE, BEHEIEARS PV ERTEK
NARZ PN TIT o720 WTFNINIZQGHIBIZ I FAYDFREERT T — 4
BHERINT, BF 2 —SBEEIBO A TwE 2 e gdholc, FICE
FEIRICBWTIZIRELOWt% 12 B\ T7%NNAQG) 7 550%(INdZQG) F T L
oo THIE, OV TOT V=T (0.45w1% :1=0.6. Galant®) , 7 XU DY

V—7 (0.5wt% : n=0.55, Thomas%) DR LAEL H SEIAMETHY, H
BEDEIA MY TSTF—5Thb, Zeolite X T AV IFEIMMOFEII Y —
SRR DB LERLTWVES,

(5) NdAZQG D43 FEH#E20.9umiF DEIGICH L lum O EIEAHML T B |
NdQG & h b U EHIREON /2o NA:YAGL —H —HDMIBHH & L THOFIH DT
WFsns,
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(6) Zeolite XDFIHIZBWT, HEAXMEOREERMRE. SEERDOEIZIIK
ERTALDENT LGN, BN DIZMEBREDISBUEDENRRET &
%o

(7) EHARTZ FVDT 4T 4257 L YKRDIZNIZQGD Cross Relaxation (CR) D
B REEBERDAME (=3.2[A] ) WRWVIEMEE X, ZeoliteXIZ & D HEE N BNd
RIPERES.S[AIC & V. CROFERIHMHFFM I L T0.23[%IMEZ 5hB
EBREINT,

Pk, AERIIBITHEBTENIDOH —5 813 Zeolite XOFIHIC XL N ER S5

TEERTIENTE,

W
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BEWEHER L. ZOERZFig. 4.1013R T,

VA2 ¢ 1r =R A
VAHDREEICK o TELR D, CS,
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BECTEH ER SN, 7
7B 570y MIOX50D
bOTHB, kBZD7Oy b
WEE—F > it h s hs:
bDTH5,

CDTZITIRLHP5E LI
Sol-Gel¥ > 7'V D URHKEI2900C % Fig. 4.10 -OHEDBERIRE & DU 0 RERTF T
TELBHZ)PHEIN . 11SOCTHEEET T 50

bLAAZOMHEIZ, 0L TNV ARFOHA XN, VT —DUBEDLHIC
SoTRLRDZ{IDEZEZONDY, BBIFNDHEZE5 X TN, 1150[C] TILHE
DET LY TVETRTERTH S, chixd L, #ZETEHLZY Y o
FERIC L H5EBIZNTIOCLULE,LHESL, A—DH 7V E1350CETMHRT 5 &
BEABREZEL, DR LEOEELED TRV,

PEDZ EDPHWRE Z EIE, Sol-GelEEIC BT 5 F{AIZ-OHED BEFIERE 279 >~
TVOPRIRTTHREUETHEIEICERALTWALDEEZOND,, TEo
Ty BEZIDBEQIKIEROVWTRPICE S LRV, .

i) IUREDS D 2 LIRTIC-OHEDBER AR 5, BN IRET 55652 1E5,

i) HEAHEE o 7% Td . WEBICHFFET 5 -OHE » WEMICHLY BR <,

i) IREASEBIBELA L B X N4 ¥ —, auf TNV ) hRNTFORARE

bEEEZ 5B, |

iv) (EFENFEE R TARICFET 2-0H2 MY Bk <o

PDED, WoDFENEZ SNBEH, §iiNd/NNf ¥ —, aa4 ¥y )b LER
DA EDLEDOF»SEZ RIELLEVWO T, TITRIFbhkdol, T, iv)id
BETALEIEDTERETH B, SRIZODVTIRITo TV 2RV, i), iNIBERKIFED
FHAHEIZL o TTREE 2D, ZOERIIOVWTUTICEBMNT 5,
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BAE VNTNAEETZIHBOAEFEDLH

<BEFZHEIOTLE>

-OHENEH 2R T b D3, BYIZREFH L FASKHEICE 230 THS, HD
KRIZELZEREICIVESNR S, 900~1400T. 10*TorrDEZBETHE L1254,
BT EL B EDHEDTD B,

DDRTITHe YA ZHEFIC L D ERSINE, AEFIRZFOFBE»SSiDE T
ICHIET ASiE COFYRY 2 BEsEIZ3.56[A] & FHE X B SiDHEE A ELEH1.17[A]
OD A A LEDV.66[A]THANLINLDKR Y FHERLICEAZE TS L
3.66[A1 & 2B, o T, AENFABRTODSiILSINZEFIFIZIZERTHL LEZDS
ns,

SIERFIET PRy FOZEEHEEZRTIDELE, XD &
) AR R RAEE IR WIEE R H T AR TRT LS
Ez2 oMb, FREEGEERHEEIIC1ROPAROICA 6N S,
M DEHDFHFIHD LLIIEIPERESI NS, Si02iB
WTIEEBADOMSICERIRE TS, BADOHTICERFEFH
BEEXhs, HL, ERBICIIEREBELREE- 2V Fig. 4.10 REASLEIE &
TULEDOHEVERFICEALHE.
FoTwadbntEzoNs, RICA
WH I AN DEREEEZFOODL
THERENTADEHABEORIR
Fig. 4.11 » S EEMCAIREDY 1 X
ERBIENTNB, HEFDEEIT
2.8[A] TH 5 D THEDGe DMFLAE
U7 B W T OHe R FId LB B B
ICRERZEVIKTAZ EAHES,

PDED X 5. BEHZHeEFITRRE
DT F7Ry FOHEPZEITDC
D, OHEIZHEHBTHL ZDOHEEEW
BL. HLRE AIEABEOIMNIILY B Fig. 4.11 HHEY 5 A OHFF D8
TEEIEFTN, —BICHBENTWVWAHeDREDHR TH S, HHATER
FIH L REIAHIIHe BV T ORERIN, ArCIEIFHRDO LW EHFTEINT
WBY, HeBEEERGIZ LLTICRT,
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< FEPEEER>
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THDIC, ROEERRITo 72,
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BB SNINEEGSAMEOAEEEOHKH

B Hefb Y > TVEH Y T VATICHET 2B 2 BRFET 5 72012800C (K
SF) TRILEZ LZODZHAVTWS, Fig BICEORKEREZRT, KEPTH
LAYy TV EEERNICREEEL. WhbIEBRO L ) 2 RETRESIh TS
DIZH L, HeRTEEE LT Y IV Tid, EHLE T o2& IV dBE b hiz,

HeZHEIC X DB IIBIBICKELRHRDH B Z LATREN T,

DLk, EER BCICEE» LYY TVORHEIZNA v ¥ —OpHEIH & FBREH
WEBEIITH) C& T, RaPRZIAHL. EHTHERO VY Y TVitiks
Lhibdrol,

§4. 3 -OHEIZXAHELY
OHEZFER & L 7-HXDFRRIIThomas FIZ LAWK R L ) ZOFHIBEIE 2 5
N5, OHEICEETAEINVF 74/ VIBFICLBHEKIIVT I ABERICET N AB-
OHEDEEIIELKFET S, BIBEZDSo-GeltETES N2 Y ¥ T NVITIIEED-
OHEVEINBH I EAREINTVS (~69cm']@2.7um"?) o 1% & I13-OHE %-OD
HioKBmL, v VF T4/ VB
ERIEHLIEICHEILTY 0.6

B9, BHEDENICX H5-OHED 0_5_°0
BREOTAA S DET B o \\
5t -OHEDRE 32. 7ymTD 0.3}

TNV ORNBREBIC BT S 0.2}
DT, WMINFEBICHT BHEED 0.1}

Quantum yield

L

EASnwrgdsrZ L TC-OHEDE 0 10 20 30 40 50
EED FRASHE 2 -OH absorption [cm’ ]

E o

-ODIZ & A tIz-oH3kIc & Fig. 4.13° BFHTD-OHFIRBEKT

ZHDIHERBEEATEDZ O DL T B L, BFHNED-OHEEEKRIEMI3Fig. 4.13
WRTARIC 2 B, IIED10% DIET 2 RFEL 35 L-OHFEDRAIL2. 7umiZ BT
AR HIRE C10[ecm' ) AT ISP E . AU EXNH 5,
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§4. 4 RBHREALDOEFEHR

MEe e AE A T 2BV TIZBT OEMIC B TEIFEOEHMMNAE —M (Ann)
210°DF — F—FTRBMTES (FELER) o La L. BEFI XL D
BV THRIRBENRBET LI LPHONT VS, ZOHAIIX., ZOHE BRI
BWT2000[ClE V) BRFLELT L, ZOREICBVTHHEI T -ORIK
HEd5R s LEBIN TS,

FEFLICHR L2 XIS, AETS AL LZBETHELNTE) ., BIFROEAL
PRESELIEROELTHD, ARY S ADBIRES M OERIZOHBES A,
CLIEEE 347", FIRE S, £ OMAMBITHES M. BERGIRE A, RBEE
(742774 7RE) AL b0LEN5,
DEDORE—MOBER*ERT 2 BB RIA L ERBRSEL2FEL L5,
FFRIIBIT IR OVWTRENREAZFEMTETE 5T, 4 ROKRETEE
THbo

§4. 5 i

ARETIE, -OHEIL L 2y TVORRBIHICOWTEB L, ELEREZILD

BERDEH IR B,

(1) -OHEZFTICLARBEOERIIaaf TV ) A% H v 5Sol-GelkD &
JOA TN BTN, VT —DERFEICH B Z LD 5h o7,

(2) ATV ) AREHPTERENTZSDDFEN VT ) — VEDFEND
RV LPRENT, Ho T, FMHERDITA VI ) A% AV L HH R
RO RN DB EEZOND,

() HEEHMHETEEDNAL V¥ DR FEIIpHE L WAERFPNT X -5 &
0, pH=1.5, #EHEERI40EM DS ¥ ¥F—% BV & 2 AR EOIMHENITRD
FDHDBZEVRGDoT,

4) BEEIIEZLHeBEHEIWEN TH D, HeFHAKTIEIREOIRICKE 2%
ROHDB I ENHhol,

(5) -OHEDEAIZIO[em' VU TIZTERETHL I LA T0 o7,
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B5E FEAFHEOUEFLHLV - —EHENDILH

3 B TldZeolite® A\ 7B — D FHEITOWTHE Lo ZeolitelZiX
¥W—a UV A F VY {4 D DD6RDMIC Supercage & FEIE L 5
bRERAF VR A4 FPFET 5, BEILZ DSupercagellff4 22 1
FUBEBEREINS, H—FEICHV/INd Zeoliteld Z D Supercage 2 B &
NINdZT Y EZTLAATERBL, HEL, Supercagellid A 4 %
BENLEFFENLIIIC LA, ST, BEZERLL, 3L, 20
NdDH Y BrAI 7z SupercagelBDOTHEEZ A A VWL AL EDI 2HDT
H5) Mo

3 ETiH HN72Nd doped SiO2D4ME L, ZeoliteX AV FITEb/zb D
DD REZEBEIBEONTL, BONLY Y T VOEBHEEIZ, AR
FVIBDTEWE LD OIETFIHEBICAERITH S 2 EFIZ L\, {HL,
FEREWEEGE TN S CHIEREMEC LI REALH 5,

DEroxkEZz, BIF—7T5NEZHIWIBERZ L TORRIKED
RoWTHb, NdZ 4 F ¥ e L 72 Zeolite?D Supercage {2 5 4F ik D
B, MREMRDTTER A A Y RBP L7z, MRICOWTIZIZ L A ERRIZ
B hod, MIRICOWVWTIEEEARZ VI DI LARINA <
7 PIVIZEAEE N,

512, FLV —F—HE~DZeoliteDF| HIZ DWW TCu' EBIDF HkIC
DV TORFERZBRD,

§5. 1 HENFHUBFOT7 Su—F .

Zeolte XIID6R & V) BBk A FINAEFA2EETAHI LT, ART T AHICIB
FAEMTEOH—SEEER Lz, V- —BEL L TORETS AR EL
TETHIZFNEFEREMERICONTTH 5, FEMRBHEELRTRITRR
THEz 605",

B
:EEZE; (5.1)

G DXL D522 L HICHEBRHETEAL S5, HEFGZHAS LT
5, E—REERRERCT A, Iumii~NDTS v F VIR KELT B, R
FR2Z TS, REDORERENSKTIENEIONS, ZDHL, ¥~ HE
ETTUF VI AIERELREL LITIZRTE S, X, AINKETIFSI1C1E7
vEZIRBATDLFEELHL N, {LEMTFAE, WA AERREELTIILDETS

-1,
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FSE BAFMOLFBEH L —F—BENDIEH

BB WFEOBT L2 EREMAOL —F—H#E L LTIEI L 2R EF &k
5P, FOM, HAEFMIFL 25 LHEEORBIRZI (R, 2ETHRN
7o & HICA00[us) BEVHEYITH D, COEPHLIRERUFZED 2V, fEo T,
WELLELETHEELDEERES) I LI 5, FIBINIZQGHOB L Z1pE %
UL ERHITERITI2I122x10%[ecm’ & 22 ) . NaitoF DR L72BREH3 I &1
% 5% UTOEHTEDFELERIIOVWTENS,

5.1.1 Supercage~DE| F—/32 FDEA

3ETR L7z & 9 IZeolite XidB-cage L DER E V22
SEHOBENENEARRICEESIN T, LEH
DTFREOREZEFEELFOFHETHERL T
5o Zeolite XIZi¥Fig. 5.11Z7R3 X HIZSIS5D 5D 4 —
DRAETA P DPHFET 5% 3ETRLZNIDH —
SEUTIEDER (S1) BIAADH A b AONADWEH 1358 X\
THoNBRETH HDT, Supercagell FIET HHRS
ENdA F V3BT V=T AKBEHRICK YNHe
EEBEBRINBY,

b L. SupercagellBDITLHE L WA S ¥ D Z &A% Fig. 3.1 Zeolite X Superecage
RIENATTEICIEF IR WL EBIE ROICEES TSI LATETH Y, HENX
N7 PVIBDREYTREE 2 ), FERHEWEREOM LATLED 5 TEEHEYEH 5,

TIT, RD &) BEEREAA

Supercage

<Supercage®l F—/3> MEHREIZeolite XIZ & 5 FFEE >
SETRLAEHBHE Zeolite XEHHT VTV AKBHTURETZLAbD%
100[CI TR L, WAEFSN/NHS A A V2T <P £ D%, rEDELY., B
L% DIKBEWITE L. SupercagellFTE N TTHE X B L7z, BRICHERLTE®
Table 5.11Z7~F o
Bl F =32 FAKBEF ORI F— Y M F VOREIRKBRICBELAEAS 4
FOBETRER A F A PORICH L 2L B LH 2L
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PDlEoEBRIEZEICL D, 132 Zeolite X Table 5.1 Bl F—/32 M|

HFIZHEET 550%0% 14 + (%< 13s1) Sub-dopant Reagent
WHTEA T VB IR LDICPE Second periodic element
EHHIC & DR E R, Be BeSO4-4H20
‘ . Mg MgSO04+7TH20
DEDE] K=y M BRI Zeolite X% Ca CaClasaELO
F\v§3.41CR LB IER BETNA203 St SECL+6H20
(1.OWt%) DH T AZELEL, 205K Ba BaCl2+2H20
Btk R R, B, Y IV DFgHs  Third periodic element
£ CGEBANY PVRHETEkp o2z oo
DT, BHANY LV, BREEANT i

MV, HAEFH DL Z T

<HER>
Bl K —/%2 b % F\v72Nd doped SiO2D H:-fE1E (FWHM) & #AFEGERT,
Table 5.2 # F— 712 L 255 HEtkE (NQ203iRF1.0[wt%])

FHHM@ 1pum Lifetime
[nm] _[us]

Non sub-dopant

NdZQG 50.5 403
Second periodic element for sub-dopant

Be 49.9 422

Mg 50.3 372

Ca 50.3 361

Sr 50.2 347

Ba 50.1 359
Third periodic element for sub-dopant

Sc™! 50.3 362

Y 50.3 360

La 51.5 367

*1 ScidBEREHB%DbDEEHA L,

PEDHERZRTHHD 5 L ) B ERIENE, MiEE & F— 32 M2 X 5080
BEAERV, DTFPIEEI F—NY FPOEBEIZL DHEBEARS PVIITALTH A, £
IR TERTEIBEORLL2E L v, HAEFMIIRAI F—/3Y MIX DR
LT 5, MROTFEIIFEFRIVKELRBINES T, HEHFGITBIT H I EHTRE
NTW5E, NIRDTTHEICH L TIEAEFFOEILIZIZL AL\,
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BE58E BABHOUBLH L -V —BEA~DIEH

RICFHEELARS PV TH B

A, MROITLEICEHLTIRELS 120 | . N
LRSS T, BIF—s3U b 100} —*.3%%;; ;
DHENLDEIFIZ—HTH, & z sof — nosczo
A, MROTHEICEH L TIdGEE £ sof

WA PVTKE BT £ 40)

7zo Fig. 5210 FDEERERT 20F
FINEDTTEDHEMITHEN 486 566516 530 S50 S40 ss0

Wavelength [nm]
Fig. 5.2 BI F—tY M X BIEEEARZ PV OEIL
AR MVOBMEOREVSRONE, HICLaTEDOREI RO KEV,
DEDOREELARS PWOBARL - F—-DFEICED X HILEET LD P %
RD2OOMEEFIHL TH~,
(1) BHEHEBEANRY PVITEEZATFEICHRE TS ERIRARY PV EIZIZRE—
DAY P HELRBED,
2) RIXHTEEDSSSInmIZB T 2 ¥~ 7 HIZEEIC L 28k»¥L 2L, F—D
B THNITIZIZFE CEZ R L. NIZQGIZ B W Tid3x10"[cm’ | D{E % R T
Ho T, BEEBARY PP LRPARS PVEFRIL, EFDART PV LY
Judd-Ofelt DFEMT % B\ THEHUL RITEE & Judd-Ofelt/ ¥ X — % 2 HE Lo D&
B % Table 5.3127R ¢ o NdZQG ELHGSIZ DWW TIIIRINA Y F v & ) RO /- FHEH

528[nm]% ¥— 2 & L7z

Table 5.3 BhEBEIEA Y bV & b FHEHH MR & Judd-Ofelt/S 5 A — ¥ OHEE

e} Q2 Q4 Qs
[x10*°%m?] [x10%%m?] [x10%*%cm?) [x10%%m?]

Calculation from excitation fluorescence spectrum

NdZQG 0.89 7.24 3.79 2.07
LHGS 4.44 4.45 8.53 5.30
NdScZQG 1.45 6.06 7.82 2.71
NAYZQG 1.44 6.85 6.22 3.23
NdLaZQG 1.83 4.36 11.6 3.01

Calculation from absorption spectrum

NdZQG(abs) 1.17 8.1 2.8 3.5
LHG8(abs) 3.7 4.4 4.7 5.4
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WTTERE & Judd-Ofelt’ST A — ZIIBEAITH 5 DT, FRFIC/R L TB L, Gt A~
7 MV E DRDZIudd-Ofelt/’ST A= FZBBIFRWVWEREE LI TWAE LD EER
biaas, WL TIIETERFEMENS,

Table 5.312 X AiE528m]Z € —27 L LBl K— 32 FDEIZE B ART P VDR
BlIQuRS A =5 IHBTHIDEEL bND, Qu/ST A — ¥ I ZEBITHER KT
AROWIMCESTHNRTIA—=FTHY, o T, FEMHUKERIEML TS
YT B, LEX D, LaltRIINIZQGO ML IZRILD Z & B55H o 72,

5.1.2 HEEEIC X 25 MCE

BF I MIIZL)—2oBHLAVWHE DL, HFELHITNEEFTA FDE
HBEEZBROEELHRTH B, ERERMLIBZYF T4 MNCRET HBRIEE T,
BlziE, ¥AT A MBIV ) UGB OMEEE L TERZD I, BREREEZRO D
THHEHBEINTNEY, CORKBREOMELRETT5IIIHLLFENH Y,
BEAREE BT 570103 7 v Z0E, BEREL T2 ICI3BLEU»ERITH
HEENTVWS®, BEDH. & DENLSEEE GERBKER.EXESGL L)
BRTL =5 AMBIIEEYT T ATH B, ito T, 5.1.1IRLAET7T SO —F
RIS, LAY ENADELD HEE T 5 Z & AT HkT, HEIXRETF X
Ty DRI EEET IR L) BEOMENHRLTREEND S, BLEWIZ X
DZHENHLIIFg 537U ATERID EHEHBINTWS, o T, EMITITHE
BEOMENEF T4 MIABET I LB F05

HsCO-P OCHs

H
A RAA AN °\ /°\
i Al /Sl\ + P(OCH3ps —P» S| + CHiOH

/N 7 N\ /\

HaCO-I-;’-OCHs HO-II’-OH

o- o-
LACAUA \ % NN
—» Si Al Si + H20+ 17202 —P» Al Si + 2CHsOH
7 N\ 7 N\ 7N \ / N\ <N\

Fig. 5.3 ¥4 54 MBI ABLAWIC & B HE
< JEPEEER>

A7 VT LB K L 7B B IR Zeolite X 2 BERRKIAH AP T 1 BREHH L,
BEER K AL D IR 13 Zeolite X DARFOEUIX LT, PEFIIFERALHIZL
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FB5E BANHEOUBEF L - —BE~DILH

7ro —RBEEBL-ODZEBL, 110[TITH 1 HER L, EBLTELR
Zeolite XIIHEEBEZEL ., 1HEBELAZICHEHLLT, RELTB Y BERLE % T 55
CIIHEDZERABLDTHAI IR yh ol

DL EOBEERILTE % i L 72 B B A D Zeolite X% FIV T1LOWBDEEDY VIV %
BIEL., BERES L7z, X. Zeolite XDOARIZBWTHEAENES L. BEEOE X
L7e 1.OW%BDY ¥ T VI 1750[THIB T 2 BERE MBI & - TIdH 5 (b4 TR
BOBICELFRERL D Lo, INIZ, 4EEME L 72Si02-P205-A1203-Nd203
THR SNBEREIH T AMEBEHICAo TV hholbbEL bNB, KEBRL
A HE L 72Zeolite XD ADEEREMERH 5 A (NAZPQG) IZBWTIERD & 9 iR
BoN/, BFBREIZIOTCITH S, BLEIIRT LI IC, NAZPQGDEHIEANRZ b
VIR I A IR UEHERT IS h ol 6o T, BERAEIZI DV E
BB YA T4 MOBERAFELTVWAIENSD S, BFEER LT,
EHREBINEOEMES C L) T AR LR Ts &, HERIREN T AT,
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(3 ”
c [
2 40} 2 40
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20@ A 20
1] L 2 J\x Q 1 1
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Fig. 5.4 (a) NdZPQGDH AT b Fig. 5.4 (b) LHG8DH AR kL
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3 3
E 801 s, 80
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n L
c [
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(1] " ' L A L 0 g n 1
300 400 500 600 700 800 900 300 400 500 600 700 800 BPoo
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Fig. 5.4 (c) NdZPQGO Rk EHIEA XY b v Fig. 5.4 (d) LHG8DEh#RHIEA RS b
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BRSBTS AL B L D REBO L —F— F T AN EALTREH I H B - &5
AT EMNTET,

§5. 2 HL—¥-@HE~DIEH

DEDXHITEFTA PIAEDPIIBIT HAERTROY—TBFELLTEHT
HHEPN TR, ZOFEZAR L TEETEOREBEH S TIETH S 2 Lot
RENTze LLTIT, ZeoliteDFIHEDNRERAICOWVTOREFHERE R T

5.2.1 Bidoped SiO2D 5645

Murata¥s (FEH % &) "I & NidZeolite X% AV TIE S M72Bi doped SiO213 F M &
THERR, V7 ARETHRESNTVABIOENL (RIRE — 2 344nm, #HXY — 2
625nm) LI KRELKBLRLIDBDTHAIEIRENTVAEY, Fig. 5.5 DK%
Rto HMAFMIISTSMU]TH D, BHEIEFig 3.UIRLAbDEFABTH 5,

120 v v v 120

100} 100}

80} 80}
601 60¢

40 40}

Intensity [a.u.]
Intensity {a.u.]

20 201

%oo 10100 12100 14l00 1600 0 460 560 660 760 80:‘ 5(.0
Wavelength [nm] Wavelength [nm]
Fig. 5.5(a) Bi doped SiO2DHIELA XS b U Fig. 5.5(a) Bi doped SiO2DBIRE AR b v

HIEANRZ P ViL, 1150nm]k ¥ — 2 & LFERICIAHEBO BHRERT I L0545
Ph, TORFBIIBBENNVAL—F—DOWIBHEL LTEHTH S, X, 1.3[um]
WKBTFLRXEVD L7207 7 AN —HBIEEHAOEIEEEE LTLEFHTHS",
BHEXBEICEA L TORRD T T v v a T Yy THRICTHOENTH Y., T/, 680 [nm]
DLaser Diode (ILD) 12X o THFIENTHETH 5,
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5.2.3 Cu doped SiO2D 5 F 4514
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Fig. 5.91I550nmD % ZiF 7ok S DRIEEIA RS PV EIRT, BhEELEANRS
FVIZiZBand A BOFIEIIFEE S NS A5, Band CIIBN LW EWG0 5, Bhgi
FKARY P VIZEFHROEEREFESZ T ITRIRARS MV E—FT B,
$€-> T, Band CIIHRIXDOARIZEES L, BEXIZORNESL LWV FTHB I L H5Hh
%o |

Table 5.4 \CRINBTHFED A > b V% Gauss-NewtoniE Z W TR B2 LR
¥R T o WEAHMOERP OJULETRRZE I RENY FOREICIAEBNED
DAEoED LIRENTVWB I XG5,

Table 5.5ICBETFRHRDPEHKRICOVTRT, #E. NdFED L) ZTLEDOELEI
BEVPEL 2B ICONTETFHRIBL TS, LI A5 300[nmIEEICBVWTIRE
DIEZHEMT 5, THIZRDE ) ICHBEEIN S,

Table 5.4 WBEFERD AT MG ERRESHRIIT O X3 2 KE. hit ¥ — 27 x10"cm?,
Acii.b i Klnm]. AMIA BT OB EEE (m]Z R T,

Concentration [wt%]

100ppm 200ppm 500ppm
h Ac AM h Ac AA h Ac A\
[x10%cm’} [nm] [nm) |[X10%cm® [nm] [nm] |{x10¥cm’) [nm] [nm]
Band A 177 257 28 129 255 26 115 262 27
Band B 63 283 49 111 283 75 153 295 39
Band C 98 327 102 72 319 149 70 290 158

Table 5.5 EFHROBERVEREKENSE

Concentration
Excitation wavelength
[nm] 100ppm 200ppm 500ppm
270 0.783 0.597 0.544
300 0.225 0.278 0.395
330 0.171 0.065 0.121
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BeA T A (LHG-8) THiL103[W/em), AEAF T AIBWTII364.4[W/em]& 25,
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A2 RI3TI4F
A.2.1 BESA
Fig. A2IZRENB L) AT TRD
L — H— E NI BIRFE IS & ) —FRIC
BRINnsHEEEERXS, V—F—LtL A’
B 4

S DEETEES SIE SRS £ :
LE—E LTy FRBICER SN2, ::2222231
xeFE S BRI L Y GHERTHD éﬁf p/ﬁf/’>x

VIR ENTWEET B, AT TH “V'V
DEAFNIyE FRIDATH 5o
FEREBICBITAREEFERXIIRD

R B, Fig. A2 A5 7H
2T 0
ViT=or=- (A.12)
T, BREGZRDEICT S,
d A
=—=[T-T(y=12t[2)]
8_1#,,2 K (A.13)
ZZT. tiEATTOER[m]TH S, ULEOXEHITIT,
_p, 201 2y,
I(y)=T,+ 81<(3 ( ” )) (A.14)
ot 1 ¢t
T, = Tc+—2—(7+ E) (A.15)

b, BEMEY I ANVF—HADHEER T TRIZBWTH, yAHENIHIR
ROBESMEEL 5,

A 1.2 BABEERRSE
(A14), (A IR LX) R BENZEBESHAE LAHE DA T THRDIEH
FYVMET7 v 7 DERMERCT, KRO L) ICEE SRS, 22720, yHEIZIEE
FRRELEVLDET B,
0 ., ¢t

e '275()’ - E) (A.16)
G, = O, (A.17)
c,=0 (A.18)
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25 TR LIS & MEBEHSTH )45 & XDRABRT F L F QL
DEIFIARTRE NS,

or
C,. = o,= ST= Ims (A19)
BUBSUYOBANZPa /1L T5HL
P w
7 = B2R(7) (A.20)

TE5 2 bbb, FRABWMIRTERAS TOTARY My (=W/t) 2O REKFET 5,
Ho T, MEHZ X ARTE AT THRPRESIND LEURS H1 ) DFAFKALE
VE—DPREENDE, BT, RICTARZ bREZI0ETHE, BEBEYS A (LHG-
8) THiT49.2[W/em]. AEF T AIZBWTIE1740[W/em] & e b, AT TEIL T A
R MNEERELEDERRFTIINTIHEELZMEIED 2 LAHKS,

B, BECIE, ATV —¥— (LSGIIH; 7AXZ FH13) I2BWT., &
B A NVF—30[W/m’]. 15[J/shot]. S[HZ) CTOMEIMEL 2L 2 A, L—HF—HFF RIC
BEIHEE 2722, TOEIORTZEH TS E

(A.21)
b, BB LAED o 72fERT=0.84[W/ecm’] (Table 1.1) & X {—FK L Tw3,
#oT, R V—HF—F5XADARDFEERLINTF 2R T RVWIITA—FT
HHIENDLDPD,

ZE I
Al) J.M. Eggleston et al., IEEE J. Quant.. Elect., QE-20 (1984) 289.

A2) KAtE HE. " BEHHRIFTIARS 7L —F—DRBICHET AR . X
BRAFAZERE TEF R ER T A V¥ — TEHEREAR2 L (1990), p66.
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f¥&k B YIEEOREF &

TabelB.1 PHEERIEFB:

eyt fE 81 W SEXR
(D TIVXFRATFTRE 107[g/cm’] B1),B2)
TR QHEUFAE B1)
(3) itk B1)
1) BEE 2x10°? B1)
QESBEICILHE ~|2x10? B1)
R G) EEHDERA L D HE 1x10°* B1)
@ FkEHC L B hHE 2x10° B1)
5) /MR AT 1x10°* B1)
R - #k O p Yt
(1) LB dREN 0.5% B1)
Q) SIVAERk S
a) T B MEAR 173% BI1)
MY b) 7%V A R §HEE 0.5% B1)
Q) BEHE T
a) {48 H B 0.01% B1)
b) SNV AEEE 0.04% B1)
W FAXNVT =TItk B hHE 0.5 10°’[°C] BI)
R IRAE (2) T RET 0.5% 10”°C] B1), B3), B4)
() EEREBTOMHETEICE HHIE B1), BS)
BAREE Q) EERETCORBEIZL LHE B1), B6)
Q) IEEEECLLLHE B1), B7), B8), B9)
ZE R
Bl) fEfE BFRME " FSANVFTvo" (EHEEE. 19794) .

B2) H. A. Bowman et al., J. Res. Nat. Bur. Stand., 71C [3] (1967) 179.
B3) HRILESR FEERILFEHE () 1

B4) BH BH. Z|HEE. 72[11-2]) (1964) C756.

B5) ARER fEfth. ICHWEE. 34 (1965) 356.
B6) AkER fEMth. TILEE. 69 (1966) 1737.
B7) W. J. Parker et al., J. Appl. Phys., 32 (196B1) 1679.
B8) R.E. Taylor et al., Appl. Phys. Letters, 5 (1964) 212.

B9) HE: HE. [CHWEL, 36 (1964)661.
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fH8E C NADBESRETFHHEF OTFIER

Tabel C.1 ZEEHEH( )b b DER
IS, LY'>F  State Energy [cm'Y] =2 t=4 t=6
‘T2 2007 0.0194 0.1073 1.1652
‘han 4005 0.0001 0.0136 0.4557
‘Tisn 6080 0 0.0001 0.0452
*Far 11527 0 0.2293 0.0549
‘Fsn2 12573 0.0010 0.2371 0.3970
*Hon 12738 0.0092 0.0080 0.1154
‘Fin 13460 0 0.0027 0.2352
‘S3n 13565 0.0010 0.0422 0.4245
‘Forz 14854 0.0009 0.0092 0.0417
*Huin 16026 0.0001 0.0027 0.0104
‘Gsn2 17167 0.8979 0.4093 0.0359
Gz 17333 0.0757 0.1848 0.0314
K132 19018 0.0068 0.0002 0.0312
‘Gz 19103 0.0550 0.1570 0.0553
‘Gorz 19554 0.0046 0.0608 0.0406
Kisn 21016 0 0.0052 0.0134
*Gon 21171 0.0010 0.0148 0.0139
CD, *P)n 21266 0 0.0188 0.0002
‘Guin 21563 0 0.0053 0.0080
P 23140 0 0.0367 0
Dsr2 23865 0 0.0002 0.0021
CP, *D)3r2 26260 0 0.0014 0.0008
‘Dinz 28312 0 0.1960 0.0170
*Dsr2 28477 0.0001 0.0567 0.0275
iz 28624 0.0049 0.0146 0.0034
‘Din 28894 0 0.2584 0
Lisn 29260 0 0.0248 0.0097
Tabel C.2 HERFEIREN L DEH
IS, LI>F I(S', L"J'>F State Energy [cm'') t=2 t=4 1=6

‘Iisr2 5450 0 0 0.028

. ‘132 7520 0 0 0.212
Fin .
Iun 9520 0 0.142 0.407
‘Iorz 11530 0 0.230 0.056
%I

Cl) A. A. Kaminskii, "Laser Crystal 2nd edition", (Springer-Verlag, 1989), p154.
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8% D 2 FRIERAIE O RRZERF

D.1 B\EOZEELEEHR

E. '?‘—5‘(7] 5?1:-5 D ﬁ“% o- 33 v _,C % EET 5 '.5;5'1 (a) Spectra (b) Detector voltage (c) Thermo-pile voitage

ZREFENFROIVER—F MBI Xe lamp Xe lamp Xe lamp
BEEDEHIE ) BN ICRES A 0 ==
60 i%iﬂ'—%ﬁ“% L:B H'Z) Z/\°7 }\ b)Y Inshpgm:g Detector Thremo-plie

i, BERIZE R EDFEEITFig. D.1IC
R 70—F v— Mo THRES N
Ho CHDEE, FRhEFNOBREMHE % [Resuren ] [Resutier ]
RO LS IRET %o Fig. D.1 BED70—F+¥—h
1) EERZFOEREICHLTERSMMEZTHb0ET 5,

2) RBEOEBIIBREORBOBEANCHE) DL T 5o REDERDERIT AKX
X YREND™,

2
o =(

X o X pory L g
O GV O ),

(D.1)

273U, o RERFHEOUEMEOEEERE, o - HELOMWEBIT BEE
OREERE, (RTHEOMEME. X 314 OREEMERT.

3) WERENTWAEBEERIEHBSHROERSFICLD, REENRTWEDHDL
T 5,

FNENOBEHVERMBEICHT T2 TROEE(%)TREN TV BEEIIRNITR
THELRBIFEET 5.

o, =0} +0, +--+0,

(D.2)
MEFEALAHTERE LTRRISRTIENEZILNS,
A) FhELTEXe Lamp) DI GTRENIE S &

B) Fi5ERD AT o RO & BRI o M
C) MHLBFDMHBENLEN L Mt

D) #ERANTY YT Y TORSHEDNRES &, FHIERLREOBEREA RS b
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PEZiY

WERART FVHIET— 5 D h
E) ETXEOHERIIBIIAFET VT AL B58E
F) Y 7 VOBRIIC X 2 ESEEE ORE
PEIGRLBEBEZOERICH LT, LToOHICBWTIEICKRIEY 5,

D.1.1 BELFEOBHEEDNREL &

BhAEF D J6IE 1213 Xe Lamp(CW) % FIV TV B, Xe Lampid i VW IEE IR (200nm~) 12
BWIEBETEXTARETH S, Xe LampDBETARY FNVIZT I X DIRE
12X o TEAT B DT—HITIZVZ R VY, SEOESHETEEIEIRIC X D45
SNEZBEHICRHATEIDELETHE, BEENORS FRFEFEINSIVOT, BE
KBFEOESEIBEBREAD 1 RDESEC LYV ENTES, BEAKSE L AR
b oL +045%TH o7z,

D.1.2 FEFIRDRE
BOROBEBERIIRDLDDBEZL LB,

i) AEE COARTEIERST

iy BXNHEZRDOTELEIKD S DR

i) PYTE RS TSR O I RAKFF I

iv) BRE» & DE IR E

v) REMOBHFENTWERWESIC L 218k

vi) PBETH R 5141 O AR 0 IE—Rktk
iv), DIIRFESERICE ARBHE D DIEERICOXMEBA L, BEOERE L TIIRENL:
BIEE I3 6, T2, viOBEDL)VDOBBEICREET 5. o T. i), ii), i
PVTUTIRZDMORERREIC & 25HEZ1T) o

i) WEE TOAREEILBISF ORE

R ERO A BEH O AT LB EHI DV TS, Sakabe™ 12 & o THm ST TWwW 5,
SR (RERTRE) AT TOERBNSMHOMEBELZ100% & L. s Rt
e L THAESA (HE050.5. 2.0) 25 272540 REEMEDIE—RR
35% ARTH BEH SN TW5S , RS IRAEEICEA L7238 LabLEADER™) @
AT TS B SHE ISR WS TH LT Do TEBY, ZhICLk 5
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ERIBFEAEEL W EHFTFEHINDD,

i) BRATERRDOTEIKD b DR D HE
BOROBEI B THATMICELAMMMAFIERITHRIIRD2 o5& 2 5
N5,
1) MBRAEREISHMIYICELL, Lo THRHNETOREICAY— %43,

2) FRFH TOERF MRS VIZEIROFEICHREF TS,
DEDREERIZOWVWT, )T
DHBLEDOTRDOERICE DR
i %4To 7, Fig. D2IXZFDOHE
FETRT, E—LILKBTHAOZE
IR 5N -HeNeL —F —% %
BAOERNICAS L. L X% BE)
SERAFRNE CORM I+ 2 Fig. D2 BTROWEMEDE
L3z, EELICIABELH CLDITHES KDL L RERFTE TRE 2 16emD IS
RREB L. TOBOHNBEERHAL, OO, JIEEFEEOLTE /R ERE L
T (B3HAHTLLT) Thor7z0, DiDICE EEREHTEZ DL LT,

Integrating Sphere

iii) PITE PRSI #F ST R Dk RARTF ™
LabLEADER™IZ & % X 5T D [ 5445

HERFHIC I —ETRE B L 5 o

TEHT 5, #o T, HIKBEERE <090

[~

KA ¥ AN T ER E 2 5, o.08f & T,

%,

2
LabLEADER™ D RET D RIKAF ML ¢ 0.97f » %
Fig. D3R Yo 1.0pmBl\ ED GG G o.o6f ° :
EZRICE AW TH B, 2hktbh, 095k ;

400nm L B2 BV T +0.720% D882 09300 400 600 600 100012007
4L A A5, 2507400nm 2B\ TdIE Wavelength {nm
IZRIEDERILERTOTHIEICL DR

_ Fig. D.3 LabLEADER™® 44 BE K 448
ZrPNBRLZENTE S,
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52D

D.1.3 HRHFOHE
BREBICEIB /A X 2EZLE, ROBERVFEZ OGNS,
i) BRIBEBONS T ABEDLEE)

BRHZDONA T AEENIC L 582, AEFHEEE® (BRKRF =2 R :R-316)
DB ITI1E10.889% DRE X E L BT, GeFBAEITH L TIEHDMEH+0.05%
LT THHEDTEDRBRELXEHRL ™,

ii) Thermo-pile®D T F NV ¥ — — EFELHFARE"

Thermo-pile DL RNV F ——F 1.1

FEZEHSFEH % Fig. D4R T, g 110900 0 © 0 0 o ©
Thermo-pile D BLIILTH IRICH g 0.9}

2o TH—BREERFEHTIIT 323-

1 %7/R3 HIZH 5, Thermo-pile g 0:6 |

2 & bétl:éé%%ciiljz?% os ‘ | | |
(250nm™) . +0.868% (400nm™) P 200 400 600 800 1000 1200

Wavelength [nm]

mETLELS,
Fig. D.4 Thermo-pilellf RERBEKFF 1%

T, REBOZAINVTF ——BEELTHRET ICHT BRI SL. B—KETH
NIETEFEBEIZASFZANVFTF—EICRFAT S LEEZL TRV,

D.1.4 HWERNTY VI TORSHEEDES L HIERHE

BERNOY T OB TREIRD 2ZONVEZILNS,
i) BSTHREDEL &
i) B E AR OB EEA R PV EARY PVHIET -7 DTh

ifldXe LampDHETHENTES F L FMICEMTE, £0.197%DRELE LB, K
SO EBEIERBIRICL DTS Y BIROBITHREA RS PLVEEEL. TORK
SHBEARS MVOBIET — S P OMELTTHICD, Sy TOREREICLY, TH
BLLE (400nm™) Tid3%., 4R (2507400nm) TIIS5HDIEEXEL B,

D.L.S)SHET7NVTY XLk B8
HEMICLA|EIIFIL, AR IVOFDICLoTHELBEEZEZONSE, AN
7 FVT— 5 IHEBIE % O TE ORI Simpson DB AR AWz, 0T HY)
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hBREFRKTREINB,

K@
error = (Integral_Interval) -h* - f'™(4) D3)
180

7272 L. hiZZ AR, fFIFARY P IVEBD A BESETH 5, BlER L —F—F
SATHBEDTARY M VEBOEIZZELHLTHY ., 4B EITIEFEIT/NE
{, fEo T, STERBICLAHEZIIEETE 5,

D.1.5 # Y 7NVOBRIIIIL B ZEOFHE
¥ TNOZTHBRIUC X DHEdCaird et al.IZ & DR SNV 50 NADFy ),

U, DEBHIFL, ~'F,,OBBIC & ) ERILS N, FRLT 2. SOk 3ERN, &
REOTHHREERILT S L, HESNERFHEIARTRENS,

1-fBu(1-1,) (D4)

U

I T, N AIETHIE NS BFHE. Bryt'Fy), =, PEBBIRTERDOT TV F
YITVYATHD, COEITEAEONFHR 520w B TOEZHN S Z L TRD
ARTHEz LM%,

B, =1 . 2 (D.5)

RY

DOAHEDHRITL ) BFHRUEEOBRROLEZRETHILNTE %,
Flo, BAFEGOAMBEIFRIUCL > THEEL ZIT. KROFEGI VIR L
Bo ZHIZRKNICL o THIES NS,

T, =T (1-1fB;) (D.6)

DEPBRFHROWUEBIIBNWTRET IRETH D, Table DU A4 DIEE Dl
E-HBPDRELFOSBRERT . COERLVEFHENIRZI1Z400nmA ETT+
6.84%. 250nmLL ET+10.62% & %2 5,
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ff$%D

Tabel D.1 BFHIFEOHEREZL ZEZDME

Error [%] Error distribution ¢’
Xe lamp +0.45% 5.271x10°
Tungsten-halogen lamp +0.197% 1.010x10°
o 2507400nm 5% 6.508x10*
Spectrum calibration - +3% 2.344x10"
2507400nm +1.527% 6.068x10°
Thermo-pile voltage s
400nm"™ +0.868% 1.962x10
Detector s
* .
(Photomultiplier only) +0.889% 2.058x10
2500400nm @0 - calibration
Integrating Sphere
STting °p 400nm™ +0.720% 1.350x10°
Total error 2507400nm +10.62% 2.938x10°
of measurement [%]  400nm™ + 6.84% 1.219x10°

ZE I

D1) Af (T " RITEAT - B2 FHEEER" (o ttt. 19904) p.8o.

D2) LCHV—H¥—T7F v ¥ 2TV THHEE No.1, ILC Technology, (FIXHRA&1t)

D3) LCHLV—¥—7 5 v ¥ 2T ¥ THHEF No.2 , ILC Technology, (L X &11)

D4) B RREH LD B SS-25PURFHE,. BRI HEKN S (1989) .

D5) FREEZ | RKIRAFARFRBERLFHELIELHRERL (FHAME0E1A) p.3.

D6) A ERM 7 BOEXI S Integral energy CalorimeterfE FFIRIN R EEH" KR AZE
V=¥ -ty & -RAEERHEE. FH2$10A7H.

D7) F. Grum et al., Appl. Opt., 16 (1977) 2775.

D8) AEFHMEE L MERMS & Oy FBR b= AR & (1988) .

D9) Optronic Laboratories, INC. 730 Central Florida Parkway Orlando, FL 32809 :

Information sheet Project No : 600-752, (1978).

DI10) FHFA& FFAZE " BASICIC K 2 EMERHEAM” (XM, 19864F) p.89.
D11) J.A.Caird et al., J. Opt. Soc. Am. B, 8 (1991) 1391.
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% E sELETE

E.1 EH
SRR OBEL % BRI G B 1 IR S F LR, MATE SH70 0

BEREem 1L LTRRAT IV LV, BMORZAWT, BEBRREHET 5 ik
XERLIZDOTRIIRT

ARIRT & ) ICEM»S

la ri
WEATON L D % L—¥ —% L
1o ——————» 1ot > I te™
PAH L7250 T OR, ] N
> 0 e
RIZTy FimBEIORHE, 21 | geem
Oy FOE&EZRTZZ T, :
IR B % afem™]. BLELERE
#Blem'1& LT, AsHaso Fig. E.1 O v FRDOLERS
vy F2 1EEBTAHERIRTIHIICR S,
I, =Le P =1 ¢™ (E.1)
o T, ZERNEERTAHL
I RtZ —2ml
Q=QR+ﬁ3éF; (E.2)
It?e™
L= g E-3)
Lt(l—e™
I, =—‘-’;(jm"T,) (E.4)

b, ZORE, IRIIRGTEE, MIZAME, kiZOy FATEDLDR AT RV F —,
tITy FRREDOEBRYRT, THEINL HmiE

0 AP PN VS PN
m—lln[Z(I,)+\/(3(—I,—)) +R"] (E.5)

XKiz, By FRTHELICI YDA I A VF— 1T
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1$RE

! 1t

1,Scat =
“#  J—Re™

(e —e™)=

CERHEE N, o T, BAELREPem IE

I
p:%mpi%§+u

kB, DL scanzRDBEDIZ, EHEREHVS,

E.2 #HER

Fig E2IS7RT & 9 ICFEG k%
HAwT, oy FORERIEE®TT-
726

Fig. E2IIRT Loy M
EROPOAIEEIZ o TRE L.
ZFOEEXDZ A NF—%HEL
720 TESERAEICIZ0.2~2.5umF
TR=0.98 DM % > Kodaktt !
MDLab LEADER™% 8 L7z, #
AR ERICEIE S H vk
DR ORIIC . ERREFRE
L7z OERADIZIZET (0y

Detector—__

@

It -

TR ) €6)
It

—r €.7)

Screen
Nd doped SiO, rod

HeNe beam

Kodak LabLEADER
Reflected coating)

Fig. E2 TRORTBAW/E8EEHR

FIEED R VUL 12i13Lab LEADER™ % 84 L. HEEBEOBAL 22 72,

E.3 %YV lEkE

Fr7nida T T ROBEEIC L DIES NN doped SiO2T v FEHw/z, 4~
TVEIZ 2K TH Y, BEIF0.25wt% E1.25WtBND b DTH 5B, FhitllEEL LT, o
v FOWRERSER, Oy FREL, MHSMOZAINF—-FHELZITo 72, BF®OT X
VE—FEZTOY FOBELZNET SV —H— (HeNe) DT RNV F—HEKE L%
W BISERAmICL—Y—KEBE LT, £0 L EOMRBUBOBAH (BEME) 2L

—HF— DI RN F— & Lz
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FHAMEIIFU(E.S~E D % AW THEREB[cm' | 2 EH L 72,

<EBRKER>
TableD.1 FEERFSH
Rod 0.25wt% Rod 1.2wt%
¥ [ ST EER (%] 3.36 3.65
v F& [mm] 130.65 90.13
mfé [1/cm] 0.05850 0.10903
B{H [1/cm] 0.00658 0.00779
B/m [%] 11.26 7.14

LFOREPOHEIICIATRAEI 2L bR ELREIZE WD, 1.2wt% TR X
LUANENT LG5,
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8% F 83 EERETE (V=Y -7y o) ™

F.1 JFH#

V=H—T7F5 v v a2kl RBEREOAE b BEFETH B, LTIZEFD
FEEERT

BIEREBICH A E S LO— L FIROMARES A 2 Tx,0 & T 5 L ERIBORE
SFHRTEHITRNTER O 5,

T(x,t) =% j: T(x,t)dx
‘ot
n Lz

+12—§exp( ) xcos( Ll_L’E ) j: T(x,0)cos( p—?—)dx (F.1)

ZZTC, aldBIERemS)TH 5o V—F—D &) 1B VAT X ) FEROMm
HAED S Nigae. BRORINE *hlcm]& T4 &t=0IC B SHIRESAIT

O0<x<h----- T(x,0) =-—g— (F.2)
h<x<L----- T(x,0)=0 (F.3)

&Y, EEHBEOFIRADRESFIIRAD L ) I2% 5,

nmx sin(nme/L) n‘ra

L) p—yr Xexp(—-—zy——)] (F.4)

T(x,t) =B%Z[1 -I-ZEcos(
n=I

Z 2T, DEREBMFE[gem’]. Cidlt#calgK]ThH b, L —F—BF DX ) ICBE
WCHERTE SRR S & BB IS IZhIILICHFFEFICN S REE 2 5 DT,
n‘rot

T(L,t) =—D—%11 +2 (1) xexp(- 2y (F.5)
n=]

WKEDEPULTHRW, 22T, BmELADOHEKMETMIZ

T, =—%L— (F.6)
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ft#7F

TH52oNBDT,
T(L
v, =TE (F.7)
M
ool
= (F.8)
bl I (R 7 N
V(L,t)=1 +22‘(—1)" xexp(-n’ ) (F.9)
n=1

Y ho CTOEBVORBEEILIZBWIVERKEDIRE 25 L DB 2urt
ThHE, CORDOOIIBMEFHEICLDIITTHE0H

LZ
x=137
7‘2t1/z (F.IO)
Y bo o T,y ok ) BRERIT
x=aDC (F.11)

RRICEhRDOON B,

ZE IR
Fl) #gk fEfh, IO, 36 (1967) 661.
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8% G Xk 7 — ¥ (JCPDS)

JCPDS No. | Peakl [A] | Peak2 [A] | Peak3 [A] | JCPDS No. | Peakl [A]| Peak2 [A]| Peak3 [A)
<Si crystal> 43-596 4.29 3.37 1.82
5-565 3.138 1.920 1.638 43-745 8.26 4.15 - 4.08
17-901 2.691 1.768 3.29 43-784 10.0 11.1 3.852
27-1402 3.1355 1.9201 1.6375 <SixOy crystal>
35-1158 2.258 1.956 1.3817 30-1127 3.18 1.93 1.64
<SiO2 crystal> 4222 11.149 10.037 | 3.8453
11-252 3.40 4.34 1.837 42-5 10.18 9.72 4.407
12-708 3.38 1.842 432 <Nd crystal>
13-26 3.42 3.72 4.50 790 2.767 1.549 2921
14-654 3.09 3.43 1.71 <N&0s crystal>
15-26 2.959 1.530 1.981 21-579 3.20 1.959 1.670
16-380 3.42 18.0 6.30 28-671 3.04 3.09 2912
18-1169 4.118 4.370 3.862 40-1280 1.956 2292 1.770
18-1170 4.107 4328 3.818 40-1282 1.9735 1.6491 | 1.7846
27-605 4.11 2.518 1.636 40-1283 1.80 3.11 1.56
31-1233 15.5 3.44 3.15 41-1089 2.903 3.000 3.316
31-1234 3.42 19.3 3.195 43-1023 2.903 3.317 ]1.915/2.99
32-993 6.73 4.44 3.70 <NdxOy crystal>
32-994 16.4 3.41 1.83 33-937 2.880 2.495 1.766
33-1161 3.342 4.257 1.8179 <NdSiy crystal>
34-717 4.27 1.34 6.3/5.08 6-499 2.65 3.90 |3.01/2.243
34-1382 3.384 4.33 17.7 19-824 2.733 3.07 3.07
35-63 6.73 4.74 3.33 31-883 3.028 2.7677 | 2.8256
38-197 4.364 3.676 10.86 <NdxSiyO: crystal>
38-360 3.33 3.39 4.45 22-1177 3.07 4.12 | 3.25/3.12
38-651 5.183 5.767 11.61 23-1264 3.39 2.019 3.28
39-1425 4.040 2.487 2.841 26-1276 3.39 2.019 3.28
42-391 3.895 4218 11.8 30-860 2.88 1.883 3.40
42-1401 4.08 4.28 3.80 33-940 3.185 3.141 2.787

‘1 Peakl, Peak2, Peak3iXBI#F ¥ — 7 DIREDNE % R
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H3) [Mb¥] MEI|W " Coo - 77— L rDfLE"  ({LERA. 19934E) .

He) L—H—2&4 " L—H—NY FTy " (F—2i%t, 19824F) p253.

H5) T. Fujiyamaetal., J. Non-Cryst. Solids, 121 (1990) 273.

H6) T. Fujiyamaetal., J. Non-Cryst. Solids, 135 (1991) 198.

H7) R. C. Mehrotra, J. Non-Cryst. Solids, 100 (1988) 1.
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1 X154 hOFESE

TableL.1 fRBREAF T4  DFEE"

& HATA& LR K RFER T — % [nm]
¥+ 74 bA Nay,[Al},S81,044]*27TH,0 iﬁﬁ pm3m.

A5 4 X Nag[Alg(Si 06034]°264H,0 fifd] 5021?;31;26
454 MY Nayg[Al5¢Si; 3403441*250H,0 fi? 48;;34121
474 bL Ky [AL S15,0,,1*22H,0 i?i8‘4,l>c6=/gl ’r7nsm,

¥r 54 bQ Nag sTMA, 4[AlgSi;075]*21H,0 iféxsﬁi/ﬁ?é
ZSM-5 Nay [AL, Sigg ;04 5,*16H, O, (n<27) izim ,in:f9’9, c=1.34
e b Ca, AL Si;0, #1380 A

Y AFA b Na,K, Mg sCay[AlSiy;07,1°27H,0 ;:?331:?1/?;0
A7L854 b KCa,[ALSi; 30,4 15H,0 iﬂg,"f_;?,ig
ENFFA L Nag [AlgSiy(Og¢l*24H,0 fifs 1 ,Cbg.rgé, ¢=0.75
7xYx54 % Na, Mg, [Als sSiy, {O;,]*18H,0 #7> Jmmm.

734/494034 %

Nag [Al;Siy 05 ,1+24H,0

a=1.92, b=1.41, c=0.75

=48 12/m,

a=0.741, b=1.789, c=1.585,

B=91° 29’

£E 3K

)8k MWERE €474 FORELRE" BREYA 0T 17 1 27 .,19934F).
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1% AEFIZEFLX2FINATVAI) ERBDOE

FEZHENE TNH ) EBDEIIDemskayaSE I X VAR N BET I AN
BB O MBIREE» OTRE Do o
1% 5 DRFE I & NUIEN203-Na20-AL03-Si02  (Nd203 ; 0.25mol%, Al203 ; 1.5mol%)
DT BV TINa20DEEZ A L OOEAL & ¥ 78I ER K DONwOEEKAE M idFig.
NORIZR B,
COMBREFEIOHTEN T A
HYAG & FIRRE ORERER T

25

SHENODBE ¥ N0ONEH 2 o
SEMEL T b £ e

5 s / °

Na,0 <0.57[mol%] 1.1 s
2 Jd.1) E /
rnno BHREMCBCCRE PN
Nahs4[%] (Tabel 3.5&0) TH5 = "N a,0 Concentration [mol%]
o, Bz iE3.0wt% DNIZQG * O
Fig. J. Z A N;

BT B L EERLHbDOLET D ‘e 14 “

EREN T AATMIRE T ANa200 & 130.071[mol%) & ), (1) TR ENIED
1BRETH N, TIADBRBERBEFOIIIILDEARTIREVIDLEZLN
5o BRET AN2ONEH0.071[mol%] & Lz & &, LD 515 6 N5 BERARR
DfEIX6.27x107 K& & 5,

e E B EN

J1) E. L. Demskaya et al., Sov. J. Glass. Chem. Phys. 9 (1984) 386.
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f+4% K Stark-level diagram

Starkdevel FWHM Starkdievel FWHM
[cm']  [em'] [ecm']  [cm']
‘E 11580 128 ‘E 11650 97
32 44289 92 32 11532 67
6532 158 6504 153
6418 129 6332 70
6394 135 6321 149
9 6265 110 4 6239 142
152 6182 69 152 6219 144
6126 60 6156 110
6033 109 6098 99
6016 96 6052 149
4457 135 4357 67
4310 92 4257 126
. 4089 123 . 4099 178
lygp 3970 143 l1ap 4084 180
3834 92 4070 175
3794 143 3942 201
3583 127 . 3962 86
2484 257 2403 130
2329 218 2276 170
9 2224 148 9 2243 120
112 2079 196 112 2151 96
1865 99 2035 98
1858 99 2025 102
748 159 . 519 67
. 593 133 ] 314 67
lop 207 92 logp, 238 87
106 109 83 83
0 254 0 182

Fig. K.1 (a) Stark-levelsof NdZQG Fig. K.1 (b) Stark-levelsof LHGS8
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&M PSi-NMROD T I )V 7 pM

N
N —_ S
k S{OCH:s} k E
g SHOCH:){OH) P SI(OCHs)-0SI
d SI{(OCH:)}{OH): 9 0 SI(OCHs):(OH)-OSI
b SI(OCH:)«{(OH)s n SI{OCHs)«(OH)-0SI
m SI(OH)»-0Si
E
T

N VIR VU EP I ST B B
-60 -70 -80 -90 -100 -110 -120 -130
6 [PPM]

N = Monomer starting material and hydrolyzed silicate
E = Monosubstituted {(end group)

M = Disubstituted (middle group)

T = Trisubstituted (branched)

0 = Tetrasubstituted

R = <OCHs,-0CzHs, -OH

L L]
L} L]
(o] (o]
£ M LM
R—Si—R R—SiI—R
R R R R o R o) R
| ~ | & | M Y | r | M | o | &
R— Si—R R— S${— 0—S}|— 0— Si— 0 —Si— O-— Si— 0 — S{— O0—Si—R
| m
R—Si—R
Monomer Polyslioxane L
L}

ZE IR
M1) L. W. Kelts et al., J. Non-Cryst. Solids 83 (1986) 353.
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