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H2% BN YAG LT I v s L—F—pkt
E2E BAMYAGEIIVIL—H—IEE

21 [FL®IZ

IR L— P —BRIZB N T, L——O Kb B — AWEOWB O DI L—HF—EHIRD B
DAL LT, SRR 27 X 107 em® CRFKIEMENZ & F/o, B2 &< IRORE /e
FRPEUETE L ZENEEN TV D, 16k, SHDERL—F—RE L LT L—F—I&MEA A 2iimL
72777 A% L<IZ YAG (Yttrium Aluminum Garnet : Y,AlO,,) HASEENEICHWONTE72, LrL, —f%IZ
T ARLHAE S T FHISE OB MR A 2150 Z L PR TH D, ZAUTRF T O L——EEA
I DN A )T D Z EBNREECTH D Z ER[1-3], F 3 7 TIVAF—IEI K- TRWES LS Bk
IR FHIARYE) g (7 7y heaT) MMHET D Z EDFIRTH 5[4~7],

NEOREEfRER L D DEHEIE LT, YAG FESRICER S TEROFEMMC B\ GEEEE 7 2 v 7 OB
DA AZDT > TITOIVTE T2[8-12] (BB 1 EEM), BUETIE, UV—/b R I RS ORI R
PR PR K o THURS AL S IHETREAD RN ODBFHND K 912720 [13~16], #hE bt
IZE o TSNS £ TIZ o7, HMIRIZ X 2 BRI TERREGZAEOIZ L0 . sEPRASHIc i D
BHRTAERARIC L2 b O T, ENEND RPN IATEINE 7eoTd, L Ui s, e
TN A= RN A THEATRIZTZDIZ, BRSO BN S TUVRYY, D720,
—EIRE IR T 2 v 7 OBIRITFIUF EIER T L BliZ2> THFER L~V oG L Shb K9
1372 > TETM, ZDIEE A LIFRYWEY v 2 MEE 22 EFRERRRIUAC L 28T Thh T s,

RABRTEE e L—F ke LTOBEHE T v 7 MEHCIBW TR DR PO i b BT
0D, ZDIDIZ, FEHILZ 0¥ —VHTRANERXEIRIC L 2BIEC L > TEATE L LD TH D LB R,
BAREIC L O MBERWEL, AV » 7% v 2 MEIC X VB CHIBEREZRWET 517 2 v 7 BUEO /23
VERIEOER A B 5 Z L 2 B L CTHFRICE T LT,

AEOHBNT, LT I v 7 YAG ORYEIZIIT DIRINCE DX —IRINOBLEN G | ABER=EIE O
FEZR SR B EERE A A DT B 2 L T D, ZOZ Lid, BHET 2 v 7 BUECRT 5K
FITIEICORND DL L TUHRIBERNH Y . & DITHEA T HANBZEM/ B 72 b N PERIS TR E <
THETLHHDEEZ LD, PUFIZ, YAG fbsaOReM: & —it7e S REER O MR 2R~ RO Tk
B L DRI R ORYWESE, BRI EIT 5 ATV —8UESIE, BEESMERET 2 v 7 OB
DEBEWLINIL, ZNOEREMEDET X v L— MR ERWET 70 ORI T — 2 L LTE
L iz,

2.2 YAG famDFFE

YAG I 7T I =74 (A, A v R DA (Y) LEEE (0) THERINZT—3y M THH, H
—x > b (gamet) [FFGTILH 7 mf & KT, 2R 1a3d (28 LY s R T ikl ABO, TRFrS
% AyB),(B™);0p, DELE S 8 G EN TV D, YAG DA, AlZA v U UL F, B, BIET /LI =
U LA T TEDBND[1T], TEHA A GEA A) 2RI 28548, (& AEDIEEA AT A DYA
FDOA Y B DAL A LEZHZ BND, YAG ftt OB 22 2.1 |ORT, @IA v FU U LA F 2,
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28 FHIMEYAG T Iy s L—F—

Q@I NI =T LAF Ly, OFERA T 2T, A4y M) ULA A% 24 HOfEFECHEN 12 ik 8
BNL, 7V =7 AA A 16 [HOFESE CHEIz 4 ik 4 B & 24 [BOfESE CH £z 8 ik 6 Bl
YA b TnD, 4 HERE 8 EIRNTIENZI2 26 LIL6 DD 12 IR L EAZ AL T Y 12 kL2
OO 4 R, 450 8 R, 420D 12 HREBELIE LTS, BEEFIZ XL > TRAEISHS Lz 4 iR L 12
AL AL NZHEEZR 3 D0 a il TIZH e > T, SHIT, 4 R E 8 FRIXAWVICT X CTOTHRZ A
THZLICE > THEITHEA L TEY . T 22 1TRTH—F y MOBRZRITT L—L U —7 ZERL L
TWA[18], YAG D, A v RNV, T = AA F DA T ROBE (32 21[19) b, A4
TR OFE IR E < FBA TN T ordered crystal & FASAL5,

2.1 YAG fEE DA T 22 —xv MG
® vhIUA
TNV =T A
O : &%

F21 A AN [19]

TFR AFFEZE[A] Bl

b e 0.900 8
Al 3* 0.39 4
Al 3 0.535 6

W YAG 3R bA > R DL EEMET VI =0 LAZEAS L TERSNDN, £y R TLET
IV =0 LOIREH ((WFEGREL) 233 1 50BANMLD & K22 1R L D 2 FFOlRIZR 1A YAP (Yttrium
Aluminum Perovskite : YAIO;), YAM (Yttrium Aluminum Monoclinic : Y,ALO,) 23T1H9-5[20-22], YAM. YAP
OTHIZHERSEEER LY 7 v 7 PEEALOFAICR Y . YAM, YAP OFTtHO20 N YAG BFR TOFERZAT 5
WERG D, K23 TR LTERIEA » U T A EBRET VI =0 AOMKD LS Egmbt, 1R OEiR 722
NEETHH Z ENEFTE S [21,22]



22 YAG [RIFEEORHE [21,22]

28 BN YAG T I v s L—F

2400

T

2200 liquid

2000 ALO,ss +liq.

HFRX BER BALC]  HElg/cc] 180%
YAG  Y,A,0,, K& 1970 4.55
YAM  Y,AL0, EHS 1930 452 1600 M-+Y-0,
YAP  YAIO, RAJRA/+ 1870 5.35 ) &
1400 - 5 =
S S
> P
o N
1200 1 1 1 1
AlLO; 20 40 1:1 60 80 Y-0;
YAG| ™% | YAM
X123  Y,0,-ALO;-AFHX [20]

G I YAG. M I YAM. PIIYAP %257,

YAG i D FAR 2 PR E 2 32 23 1R 9723), BfiElE. 25°CIZBIT DIETH 5, YAG il F AT AR
P> D ARYME E CETR RSN NP R A R 072, LU R L—Y—flifh, Lo T L—F—,
7 & MV Ry U REOAT EIER SV TE T, BT AMBHIHATREEE & & < THEWEIC BN T D |
(MRS U <37 A0 UPRCEIL TN D7D, T AMBFCIIARm & 72 gk, Bl 3L 2800k
BITHZ 7, FRONRAZE R CRERRBREE O S D sk & L CH VWL T 72, F72, falf T
(T, CEERREEEE T X<, 7 7 A YRR E L COER BRGS0 D,

23 YAG fhsaOYBRE (23]

BFER 12.00 A
HE 4.55 g/cm3
HimntE Evh—REE 14.5 Gpa
IR B 1.8 MPam!/2
SE T ER 280 MPa
2HMHE kR 0.11~ 0.14 cal/g*K
nmE 0.13 W/cm-K
SHLER 0.046 cm?/s
EARRE 8.2x1075/K [100]
7.7x1075/K [110]
7.8x1075/K [111]
KEHMEE BiBEE 2406000 nm
RS BE 84 %
[BirsEe 1.8293 @633nm
1.8169 @1064nm
BT REEKEE  73-9.8x10° /K

dn/dT @ 633nm*

* 1.0 mi%Nd:YAG
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2.3 HBifES YAG DB AL ERER

B YAG OB EE LT, BlIRE L OVRBE DATHAR SE51EE A LT _XTOHERRA LT
X7, TEEANCARE S A iR L5 [ & _RIJTE (CZ 15 : Czochralski Method) 12 2 0 BRLE AL TV 5[24~27],
CZ IR & D YAG BB RS OMEDFI 2 X 24 (R 3728], HEEITFE ARl S E R DR
CREfERL A S| & B A5 & R EhoOBRERT ) DR SV TN D, MEYFRNIZIS LT A U 0 SR E
WA VTHENES D, A V20 LN CHEBAICIRE LB A » N DA BT VI =T A
ININENEA A LB OEMEERNR (9999 %FEMEE) ZVARLL . FEfG 4 2 ORIEEE s, HiiRsd
BIRD EA-SE D, ZOHEICLY K25 1R LIz K D BRI ERL S 4L, £ OEAE ¢ 45 mm— ¢ 125 mm
FREE, RS 75 mm—300 mm FREETH H[29], BRUEEI IR DIEMA AN ko TRES 2D | Nd
AT EWINT DAL, 0510 mm/FHERRE CH 5,

|

TN
O[] Na: vaG e
I I

. .
T e A

OO0 O O O o

O~-FH MMM 2 4 v

X|24 CZiEZX5 YAG %25 CZiEICX->THERSI-
L SR E RS ORI [28) YAG Hifitdh [28]

HFES YAG IZBWCL— I L UCRIE L 72 5 M0, BT ROARY) — LR ETh b, b
DOERDOJFERIE, FEEERERECAELL 772y MZEDHDT, 778y NWIDRE A 1 =X LOFER
I LD FERGETH D L SHTWB[B30], FEsaT I 2 72 L B EHTROARE— & R ORAEE X 2.6
R,

26 CZIETERINI-HRET YAG OJFIROARYL)— L AT O3E 28]
o NIA~TEEHE, A BER=a g
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ZOMIZRIEE 72 D DIE, 1EMEA A GEA A L) OFERICIRVIAENDFIE DN BERREIR T O L B
PRB T80, BRI &V TITHESH OTEMEA A AR NRR S 2 LIC kB IS 4o DT Th 5,
L— PO D5E1T YAG SRS DIEMEA A AT < BT EUCHRTH Y | Y A 4 LEHh s
o, ZOREDFEHHREIE, 2.7 17T L2 ICliE SN TWA31], itk 1X, QD) TERSh T
Do

C, =kCy(1-g)(k-1) @.1)
Z 2T, C I THESTOIEMEA A DR, C) I3RENETH OIGMEA A IR, ¢ 135 LRROEIS 2R~
T BT oA AR Y A A ATEWVEERE L BEnDIZE NS D, *ATY UL (Nd) A AT
(HRATEREY 02 &/ S\ 2®[31-33], AR E ORI X Y Nd A A AR A R OR O LE & LT
FAEL. ZOFEROE, AR D EROZBE DA~ Nd A A DR AR EO LS 2 = UAE 2K
TEE22,3]

LI | m T 71 T T | |
15+ Lu YbTm ErHoDy Th Gd Eu Sm Nd Pr
X Y

T

0.5

Distribution coefficient

I I I
8.5 9.0 9.5 10.0

lonic volume [A?]

X127 YAG HfESEH COMEMEA A OIRITHREL [32]

24 B339 LIE

7 I 7 (Ceramic) DREJIL, MTABEXED-HOEEHT HFX Y T ¥ihOKeramos (7 7EAX) T
BV, BT I v T ONL—IITENGIEED FEx b D] Thb, be b Lidfass e 7I v
EREA TV, B3k, 777 A, A M aGiedbeR - EsEl 24 U T s s 2 3% <,
TR, Bk EOTRZR TR ONDIERBERIEIZ V9, | LERSNTWD[1T],

© 7 Iy 8RB TIHEWE, MHErE, EXHERIER SITEN TR D | FRTH, S, REHY,
SR, AT, AEFRIEN YRR AR R ORI, [Ty A v kT Iy ) [2a—kT Iy 7)) 7R
NUARETI 7] RELEXIENTOD, 77408 T 3 v 7%, EREIEERL L 7= KRS, b5
T AL VAR LT ANTIEEL RINIIAE L2 MEE 7 2, I, YIHI, Bk, W7 OFE
BITHIB S I TRRO L LibE SN D, O, B HERBE, D omite s F 2 7= Bt
R EAGDH T ENTE D, JISR1600 (77 A 8T I v 7 ABHEMEE) Tk, 774873y 27% [HWY
DOFEREZ HNTIEBLS T 5720, Ak, Mok, Tkds JOMLE TR Z RS ICHIE L TibE L7z b o
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$28 BINEYAG LT I v s L—F—H

T, & LTS RBOEIEN OGRS T I v/ A] LEFRLTWD, 4 H TIENEERCHENE, [HH0m
12, FEEHEML, BERAR L S FSERHHCHEHEINTWD, AGRCOMISEGRETH A B IEEYAGE T 2 v 7
HZDOPEIIET D, FRANREN 27 7414 8T 2 v 7 OFERT,

#£24 TrA8T vy OfEE

o) o HhEA

el LT ATk ] ALY,0,, Y,0, Zv0, CaF, MgAlO,

na P St b8 e ELLE @i ER. EE. 2, RAMA. | ALO, AN BaTio, PbZrTIO, M0-Fe,0,
LG st St

TLUZFULSe35ed | BEE. DH. MY ALD, Zr0, SiC SiN, MgO -Si0,

AT ETEed AR ATliRE S Ga (PO, (OH) CajPO,, ALO, ZrO, TiO,

BERESzay TR ETRE Bi,5r,Ca,0u,0,, YBa,Cul, ,

I T Iy I ThHENEET I v 7% RAFITRTENENORFERIZE > TRDA D E LT,
KRz 72537 CHEH ZED TS, BUFICHER SNAHRBETHLEIME T I v 7 DAY v Naeblif b,

L OGPRVRMED BASSE S 1L A ETFR U Th D,

2. ENE, BEBREOREEIZELRSS K D RV A,

3. BERE LICb O —Th D72, HREEROL | & RIFEOEEITAE U 2MEE 2T Ok

EFARAIREZR 3 72 < L RE PRI EYET X 2,

4. PPEHIROMHME & B—1i K> T, BURSSARCR I E~B0E BV R CRUES FTRE T 2,

5. RUWERHEI DS SR BRI~ B ©h 5,

6. FTEDIARD b ONRYETE 5,

7. AR K EAFEN TE D,

8. MREEDIEMEA A UMM FRECH D,

9. TRINESNTAEMEA Ao DAL —Th D,

10.  HESCIIRATREZ R EA A 22Uk, (Bl IE, Cr YAGS)

1. BRDFNTCREZWNNLIE T Iy 7 DR I 2EA R RETH 5,

L— =S IRCBWTIE, FREO1 3, 8—NDMRCEE T, iz Eal oA IEGESn T D b0 b dH
B[13~16), DML, BT « EHL VR, YT L—H— T A Y L2 I EORRk < IR~ O
IR bR E > TN D,

25 T3V TOHMEEEFUEDRE [34]

K OE T Xy 7 ITRERL T MEE S To SAEMATH Y . ZOZHESAOEE (K-, kRO E T
HORS, KA. BROHM) 58T v 7 OWEEELAT D, ZOIBbET I v 7 OFMEERD DN
FHWEEIL, BT v 7 oMk (RE—fiRk, Hriti, i) Ok (UL, SRk, SRk, Kot
FIFUE & 2N DO THY | FHTERI, YHELI RS L 5.2 5,

X 28 13T X v 7 ARl ARk AR T, (DI 22 S LA RSO~ 7 a7z
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HoE BN YAG ©T I v L—F—E

IRWBIT & B, (IR, ()RR B & L CIRfEd BRI L A LA R LT
WD, ZOML (V)DL 5 1B R A S A ORR CORITROS BN, RIS 185 5,

I) &m@ —

S I) . SR ———

Sim m) #ERHR —
BETTL2HDOEER
FERALSAR)

Sop V) HERRHIR e
i
BRER

[Z&] [£53v7]

28 T T I v 7 FoNEELORIX [34]

T 2y 7 HONOERFITE LT, ITPIEIZ Lambert-Beer OVEAIZ & CEHT, RO X HTREND,
29 DX, JEAt, BUREE R OWYEIZHRE I, DIP AN LIcra, ZHEAEET 5 &, @it
JELZ, Q)T LT > TRERT 5, 22T BIRE ORI, o o (IBERIE AT DRsaPN TOHE
TESIS EFOBIIREL, @ g, & Qg IFHESRETH D | 00 g, 1328 HO(T)IDIZ, gy, 1HAV)
\ZdHT= 5,

I
I
_’_______/7
I < 1-R)l, ‘:,_,__El _R)Ioe*ﬁ i . )
i RI, > I[=1,(1-R)Ye ™1+ R +R'e™* +...)
-~ ¢ (1-R)I,e™ 22)
R(1 - R) ™
2 =2t |
RA-RYIe™ | g ____ . / A-R}
— —= e 23)
I, 1-R°e™
>
<« RUA-RYIe™
B =0 + Otgjpy + Otgp 24
— E&:t >

29 BEROSOFmEBR L ORHE THLE
B [34] (PR & 22RO CON L
EL7 A
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28 FHIMEYAG T Iy s L—F—

BBIHEAET T 3 v 21 ANS<TH L TRBND, a IWEEAORIEET HOTh s
NG, FRAD YO R CIEE I3\ & T2 = & AR & 72 575, RS IEREE 2 5
B2 LR, FHHEIDIR A, MIFHERHC AE572 B0 b OBIIANRA LA K 5 ICEE A0S = & b EETH S,
F72. MEHCIREIEDTE W% T SA 1T, HERMORINC &AM b4 1A ) LB S,

¥ T3 v/ OFEIUCT 1Y A Tl ag,, OIEED SEDH 2 EREETHY . ZOT-DOSML, Befbikh
DRI IO B L . BRI ABIH] Lo SR kA e S CRUR DA T2 & T
B, ZORILEBD SO, Tk R BBRTIC G E ST T LR E DR R
EFVDZ LR LUy, E7e, KT (BT - MR A T B0 b/ SR AYEEREE TRV
LB EEThHD, UK TR S L 2R PR RIEC 2D | IRk & A T
Bo LT, HEEITAILE R 5 O b AR T Y | HIEST A — 2%, BEGEEE, R,
B AL, T A UREEGET B b OUNI & T,

Gsop VEBIL THE, HHINC BIHED D DR R CRIE & 725, JEESER ot T S v 7 O, KIART
1.2 BHTTC & D IR T2 7010, BRI 2B Lo Sk e &S 1O
ROBEATRE T 5 L b—oOHETI D, ABIETIL, YAG fiSsr i CEI I Ch D=, Z0OH
DRFNTEMS 5 = & AHRD,

26 BRMEEIIVIOEETOER

—HNTE T X v 7 ORYET B AFOREHROTEE, OE. GlE. @FEED 4 SITRBlshd,
ZHUTEIEEE T 2 v 7 ICBO T B R TH A3, £ 70t RTEMEEISFL 7200 ) T MERESh T
W5,

ODJFEEHRARDOTRNZIL, FEkd B THEANILATON TN D E T 2 v 7 ORI RO LI IRE S
DALEWRE WS EEEE . SREORRME BT 7 B ' AL > TR OITEMIRE WS HER S 5,
WTHOFFECBWTHEERRA M, ERE TR ORBACHAIONT HBIENZ & SIBERA R
RIA-OFERE LT 572018, RA-OFRASEEN M T A ZDMii> TN D Z LR ENRBHIT Hivd,

QDRIEDOURRIT, BERERNIPTEOIRIZT 212 TH Y . F & U TRl L BABIE1 & 5, i
DFHRUITIBNTHEVE CITEEEDOEmVBIREZIYET D 2 EBFETH Y | IR E 2561 35
ROFIME, REEDRHEDIR T DAL BT BEfth DA O EL G E /] 2T,

@DfEIL. @OBERED R TRE THIBRHZ T AR BHRCA R A o X — 2 BT D 720idThNn %,
ZINOIERET DIRAETHHEZ1T O EHERTH CRINSCRISE DO KA AR 2R & 72 5720, MLT-
WYEIZE LT E TR A8 IRT 5 2 L S TH D,

OFEAED TRZRE TN T X v 76T 2, BERSBEE CIERELL T ORI 203, 20 & X T
LIRL - OBy AE G L7e s D OSBEN L Cle 7 5 2 LI L o TCREBRORI =L F— 2 S8 5
TERMBIK . 2D X 5 I U TR LD e,

26.1 MEIHADERZEE
26.1.1 MEIMADOEE
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YT v ORI, BT 2 v ORI S EARITDT DEESEEEEI R KT D720, MEMRIARORE
FORE S, KEESHG, BB EORBNIEZE CH D, EMEOEET I v 7 ZBEET 272 DI B &
(CHEETRSRME, TR ERCBERE P E DN IR 2 D Z LSBT B, ThUTid, BREND L kI
BOVNSIRERIEOHHRI N EE LV, Fi2, ZOX IR E WD LT 2 v 7 BEREIEOBERSEE O
KT HAMRETH D, MAEDRKE 73100 nm LA N Th D856, R r-ORERAKE 220 Rl H AR /L¥
—PRE L EVORFENDET T2, BEFHET S Z ERREETH D, Fio. KNORIDINRIET 5 LIS
FEHE LT W DIZBERSRH Z 2B % 0 03 < L BERE ISR & R0 N S 7o -2 B D JA A CRUF R R
W D, RADPEE RS D ERANITTE - T2 PRI E TRENT 2 DIZRFRID D)0 | S[FLOTHIR
ISR 72 0 DI T 240 <,

70, BBV ER LN E B EET, ZORDICE, FHICHME 0RO RIERE VT (A 2 1
i D ENR DD, —WANTIT99.99 DL EOEMERAREA N D Z ENHEE LN E SILTWD, sAFEDOANHE
WIRVERIOHBLOZ 72 53 BEERICEEINE 7o LB IR T S5, Fo, MiRoORYERRE
TR T D LRIREE D TR DARDTH L, BERSELFE T ORI COMr ) & 70 0 Btz T 2R
K& 72 D T2 DR 4L O BN & D, JFEHIRA O ZED ) LTV B & S Tda b EIEE Th
V. ZOXIRGE, SR FEROTVIELD)D DA IMEFEGRI LA L 720 T, RERRIT
BB E LRI > TR E D728, BEREIRFOEIR CAE U RIBMZ|IRICR LTz & 5% D Z &M%,

26.1.2 MHIHEDIERCE [35~40]

7 v 7SRRI, BERRORT. &5 ZEE UMK AR -7 % Break-down 1% & JF1-0A
T I BERR A Z RSS2 Build-up 15733 %, Build-up #1213, [EfRE, Rk, SHARENH 0 | HHETT
B S NTMA CIIBERIRIE TH DHANE L. DL ) e, BHER O E W5 Z Lick b
O MEEL 72V | Build-up #:& Break-down 150D DD HiEA I HUVNANA L, BRI E 4 H8ki+%
FUEST 52 L bEV, Bttt T <y ZREIEOREL, 128 A EDYEMY Build-up 0D 9 BIEFRE,
WANETITHOIL TS DT, T 2 TIEZEIUTIE S Tk~ 5, Break-down 1573 &7 fifmil ER Ok 1
(TR LT,

26.1.2.1 EHE
[EHEEI TSRS B DI i & D IR ARG e, BERST D275 TH D . #EME, AREMED X<

<D THEMTRATONTE L HETH S, bFEGRHICHEOTRE LIZ 2 ENOMEE AR —/L
NI ER AT E, BRE LT, Bl CEWUET 5 2 LT Lo TRBEA A2 OWNEIL & T
S/D, ZOYE, WAARA LW o THOMIEREBEBINIRAT 2750 TH Y 5 LYV TRAE SN TNS b
FTIER, F e, KSR 7 a L U OV A XD L ONREEN TV DA TRIZIEL &N DY
B, REUSMBIRSIRE S 5 2 & Z ORI T TSR LIRS & BOS LRIAERBID T2 Z
DD, YAG ZET /T D & BRI B ARG SN a 1 3RUGE25) D L O IZRIAERW)
OTHIDN 72 < YAG DAL SID, Lov L, IBAEDE— Tl —EIIMEIOIRA DR Y 3 E L5 & Kk
H26). QDL CFAHEEENHT D Z L1720 b, iz, REUSHERDIEE L7546 bIOER28). 29D
EOITHAHOHTHAE Z 5 LB 2 Hivd,
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5ALO,+3Y,0, — 2Y,ALO, 25)
ALO;+Y,0, — 2 YAIO, 26)
5ALO,+2Y,0; — Y,ALO, Q7
2Y,ALO, +2Y,0; — 10 YAIO, 238)
2Y,ALOL+7Y,0; — 5Y,ALO, 29)

[EE S CIRE - OB CIREICSUG L Z 528, & SIS T3 5 72 DIIZEIRA A4 D3
AR ZJER L T Tidlebavy, LvL, ZO&EA AL OREFET OJLEEHREDY N ST FRto
L9 RBIVAEBONHINILZ 5, ZOBSREZRNT 5 BT, MiIRE COBEEFITEIBA A DYk
ERL, SOICR—LINREICEDOREIT) 2 L 240, LovL, EiRE COBEN IR TIEAk
SUED @ IERDOZINT K DMREED XV UL PRI A T 1 7 6 OAHADEADEET S0,

26.1.2.2 EAHE

WAREICIE, WEE ST AR ET DI L | WHATRIRE D/NE 7203 F AP b S
U S DIRBERRIEDR B D, THBRAERIEORHEIE, FRROHIEINA S THEATR LM OGN TE 5 Z
& MERGOWRNPEL R Z L THY . L—F—EE BRI E T 28 T X v 7 YAG OB IRRYE
(Sl L2 FIECTH D, RETHRINT 28T 7 X v 7 B IR ORWEC - 30k & 4 B Caotfst
AR DOBYWEIL VN2 Y T IR OW TR S,

(a) L%

MBI DAL, Z DEEIREFE K > TEE D, FEROBRA 4 2GR DOYE . RN
FERRIZIZE LRV DOy & —FECIEE T 2 2 L 3d 0 . Ziadabl KON ZnEnoitz il 1z
WAL DOZRET DI VHERLOP G LN D, HILEICIIM AR ERA 2 4 %
Normal-strike £ & . PRI BRAHR AT % Reverse-strike #7238 %,

b) VILTIViE

IR X DMEDOEYWRILU T O =B TR b0, £ @BOAKDS L ITEER a2z
BRI L, P CEA ORI R « RS SUGZEEE T, B 1100 nm D= 1A PREFAVHL
T IREIR Coo DY NE T D, DY VHORAFICENECEA UG K > TEBEEE ER S, 2o
0 E RIS A S A ORRE LT 3 FIREIME 2 Ko 72RO 7 U BT 5, IROTH VO X > Ty
KRERUYET D, HERERA AL &ALV T —IZ0BTE D 2 ERNRERFHRCTH 208, W7 VR
THDHIH, Kk, EESRETH D, ZOYNFIVEL, anA RE EEEST7VE GlES TS
JUEIZKBIITE 5,

amA AL HREEHZ 1~100 nm Oz a A REEHL, ZHERMEHRIC S S 7ii@it >y v i 7v
LS LIFET, aaA RRAEOKFERE A BN ALERZ Y L0 pH 73 & &3 LT UL il
HTZENTED,

SRR BT L ax s R AESRILEM S U ISR & 25 220 i iR S
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KRG, EREA SN LD | S 0 7D v N T — 7 RS T NERGD, BT /L 2% K M(OR),

M : &J&8,R : T/VXNE) ORISIZLLFIZRT, |7 V2% KM(OR), Z0KiE L., KE % ik
IS, TOth, BASHLT V2 —/V ORI £ o TEMFAEEZ W 7T 2, DK RO BERE Tl filis:
& LT HCI X° HNO;, CH,;COOH 722 EDFEHINHALH A3, Al FEERRC e AR FROGAIF AN 5 =
& CHEFEA nm 5> B3 nm ORARE —OHIR(bY), AT DEER 2155 Z & b TE D,

Ny
M(OR), + H,0 — M(OR),,(OH) + ROH
M(OR),,(OH) +H,0 — M(OR),,(OH), + ROH

A s
J oK B M(OR),,(OH) + M(OR),,(OH) — ,,(ROM-O-M(RO),, + H,O
W7 v —Vis: M(OR),+ M(OR),,(OH) — ., (ROM-O-M(RO),, + ROH

26.2 AR [36,37]

I BH AR Z FTEDOICIRIC T 5 TR TH D, NIERBIRI ISR DRED A L ORERE R D LT
ENEAEL ZEDNMBNTEY . FOEELILIVERDD, IS, RIAROBEERRKEWNZEELND
BERSIARDEEEITE < | BERSIZ L D IRFEIGHEER &/ S < 22 D RIS ONER DS L <72 D BOBD IHEIZIT R
L CHERAIE SR AED 8 5, e 3 & —XAINATOILTWD HIET, #il7e EairE &3 58I
JFEHR RZGED, 7T 0 D=0 TF I L TF o A7 B, Mg ERMIZR RO b DA RIET %,
— 5 BRI TR A TR TR S B, Y S E 2 R TR Ch D AT U —Te EE WD LT,
B DI IHELTR ORI FRETH D, L L, TR E A DR R E | FHIITLORIATIX
RO DS KA L,

2.6.21 FXH
(@) —HAINERRSE
—HINERTEE TR b EZR AL T 2, 10, SRUFE AR D —HIZEN 20N TR 5,

SENT, B AR OB & > TEEFED D 72 W I G PHEE ATBO & DE WD, LinL, ZOHIET
XA BIET DI DRIARD EFCEELT DA LS, MIERHIAARIORER CEENAE U A7/t
SIDFEAE L, IR DERIIR D m S OS5 & . BOBREEOIKT & LTV ET5H[41], 2O X
INELTEEDR TR LT IL, BEEEOBE O FOREROREL, FINOFRR &7, FI-imE
DH T D &SN E XL, IEEFRIRHINKEZITo720, K Brr—2 Tva—Lix ORI
Bz 52 & bbb %,

(b) AEEEKIE AINERRSE
B RESINERIGE (CIP FIEE) 1. & 50 Uo—dlERIE & T oklc ULT- R E 7 ¢
VLRI LI EOWRITANEZE AL, ZHE/KROM72 EOWRIK & —FEIZIERFHIAIVT, WEIRIZEK
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FEAENINL CRET 5 7ETHh 5, ESNTEE MPa £ TNTAZ LT, —ifililERE L » b8 Tl
RRRIEERE A Z LN TEx D, ZOHEEZHWT, YAG TliE YAG fbehloxtd AFEEER FELL C 50 DN TR
DFHINDFEIERE TV DH[42],

26.22 B\

BEIRED 5 BAMFETHWZ A Y » 7% v 2 MEIZOWTIRRD, ZOMD TR TTET Rk 2 1ZFeH L
7
(@) R3')—DFRZE

WAL CTIEA T Y —DRMENEE THDH, ATV —HORA-OHBNRTED & L0 KRE 7R3k
LT <AHEEICART 3L D, 20720, RRICHHTREDS DD L ) ITOSCHEDORNA T Y —
ERGTTOMER DD, TOTOIIID BT D72 R LI CE D0, HORERER AT ) —
EAEETHZ L TUHRDRH DL DD, Ll ATV —NREIZRVIEE D ERFouEkE L TRy b
T — F IR D EMNRL T 0 I BORARDM G Hie e D, Fio, RO Lok y b U — 7 ik
(TR IVIERRAC T, RIS IDMED D < 720 | fERD L ZAMRSHER TR D L)~ A T A
R AT,

ZDTOIZ—MANTIE, BRx OENFEIS RN SIS, IRIFIIBEREBIH & b FHTII., A Ch 25670
FLALETHY | ARWEEORBEX R (IE) TESICHMLERESND ZENEEND, £25 1
TRERE B ORI & RN BB Z 7~ T,

#2535 BEREEFIORE L IO HEY

eSS BN A EH B

5 RYF 2 ILEEE BB EO S
RUHILRUEE 58

I — RYEZ 7 IILa—IL REAICERERF D
TAANA
INGTA 15 E

BES PRV DEAEIoE L
RYTFLS)a—L (L UALHS)
FANBIATIL GE

HEHE ATTYUEE GE HFEORFEEDEM

EREOBEREIAIOR T, SN R R 2 R BT S 720NN SN D mFEARTH D, ki)
(IR 2R G % SRA S IS Ko TR LTZR B2 T 205, @+ T D0 ialhhi+
RENZWGE U, RAEOREIT 2 SN T 5 2 & TREE LTSRS 2 /31 5,

JFRPEFNC & DRI I EZ R Tesd, AT Y —Z B LRI R 2 Hod™ 2 TR CIAETIC 7 7 >
7 &E LD, A F = RS E L, st or T v 7 #AEZPIES S HRTIRINS
Mo, T SOBFIO BRI R OTRECRIE, AT U —OREER pH 12K > TLET %,

ZOMITBERNEA 7 ESEH7201T, Si0,, MgO 72 EZBEEBf & L TEHT 22 8 &0, Zhb Okt
FEAN SRR 2 A CRILOTHIRE ARSI L, SR OmE L tET 5, B2 87 Iv 7 &
0 b RS OARBEREBIA A FWIRABEERS 21 TORRIC T BV 7 7 A & UTURITT 572 £ L CEdB B L A (et
T 5, IREAE BT T  JERECHERSBIRI DA R@lE L T 7 X v ZRAARITCIIRAE 720 . £ T X v 7R
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LA &M CRHEA D 5 2 & TRE LA RET D, 7272 L, BRI L BT Iy 7L TLED &
flABZHTH L C LV L L7 [43-62],

FAZBEIE LT Si0, DZWRIIAMFRIITEE TH 5, EDOEHRO—D%, IINC X DZEMEm EORhR
Th D, SIMIIYAG 731D Al D ABNLDOYA MIEHSILDH[63], DL, Siiddfii, ALIFX3iTHD7
¥, EDBNFE L 5T YAG ERZBGA A RMAVE U D, ZDBA A KMaZ &> T A ALigpMietE &
. BALOYBRAATREL 705, & 9 —DOHHIE, YAG ~DF AT 7 ANA)A A DEEE R HRhE
Thd, HfEEETIL 10 mol%Lh D Nd A A ATHNITERNE SILTWD, SiiRINCE V87 Iy 7T
1372 mol%? Nd 235 FHNT—7RRRETIRINT & %, Nd NI S YAG kDR % Si 12 &> T T
XHLHWMESNTNDA2], ZOXIRBRIT. Y A A KA T EHRORE R bOERINT 5 (YAG
A OWRE L b729) FRICHADTHD Z LBIFCE 5, LinL, —H T Si #BVINZ L D& OAR
BIRTHNERINES X BOIBFNC L DY TV B =2 a v OAE LR T SITHEBE L QO DR b STV D
[64]

(b) RAYwTXvRLik

2V w7 X MEIGEE, BRERE & o 7oA T U — % LIABS U A SR DRI S § 5 2 &
TIRE SN EN SR T 2 HIE T, $HARRIRIE & BMEHEIN D, BT X v 7 OpgBEE LTH
WOILVCETEHETH LD, 774 8T Iy 7 ORGSR 2 BT 2 51EE LTE VD
W5, HIBIE U THRUCITAE, BIIE. @R EDBHWDILL[65], ABI ISR A AL H#S

Bl b DT, EET DKW EETILEEo TR Y . BEWSINZL > TAT U —HOREEA R
W2, £z, K210 IRT LEHRIOPIZAT ) —%ilz L, BRBIDDRIOAT U —%HEH L
HZEDRIEAR 2 R ET DHRREHAZ AT & . BUTH LIAATE A T U —NE TR S, BUE IR AR5
VD ETEHHAT G D 2 T8 8 5.

BEIZHHAAIE D A Y v 7% v A MET, YAG TIE YAG F5iaCxd D B L C 62 % DRARD G 5
NDFEDHE STV DH[64],

BEE $5A A B S

VT

]
AR

S
- S B A A the
m - N - §

X210 HREFHAAIE & EHHAR R

]
AR

26.3 fifg

BASITBERE ORTTAETH 0 . B DU NI & > CRIZIHC AW =B 2 BT 21T Th 5, it
AEDSAT Sy THRIDEE T 5 & £ T 2 v 7 BEERh TR R E A U BIFRINE 725, £, —RICh
HEROTIFIDOESMRE 100°C~500"C TR Z 5723, RIS/ % & HADRANT &0 BRI 7 T

-19-



28 FHIMEYAG T Iy s L—F—

I BELC DT, BIEFEBIOHRIIEE TH D, T, &6 UDBIFIOBG IR ZRIE L, fERIC
J&E CTRRE T < WBIET 2 Z EREE LY,

264

IR, BIGARIIBEREIZ & > TRABIICEIIRIT 0 D, BEREOD TR @RS & INERERSTE & 23
b2, TPERIEIL, EIRFOPICHIGEZ AN TR T2 7ETHY . <Dt T I v 7RIS
TWD, BERESRIHT. BT I v 7 OB RE B L 52 5720, BT 250BHIG U7o B E720REE R
IRFFRIOHIE, FRPHROFPENEE Ch b, FHRIIRA, BFE. 58, KB, BER O TiThibd, D%
YRS FIROIREIC L, KB, 2o 72T, FUTTF o, ZUoN, A&k EfEx OFIREN S %,
F o, FEEMRIZ L D FRINIES CRUBIOIRE & HiF 2 0 Tidie < . NBVEIRO BRI X 0 B ER 0%k
RIS D~ A 7 m B, SHATEMH OB MM 2 mEEGEHEN R L, A & 28 s
TR CrRdEit g 2 b & 5, MERSRAICE L TiE, BROMER 3 IR LT,

27 IV UDBEEIER

BRI, RS ARV NREE TINS5 2 L2 K o THRIRR 035 A L CIHE - B b LBEX [EE 284 C
&Y RO E H BT R F— L BEERORIR O TR F—OEZEE ) & L TWEBEINVEL, K
FONEG L CREFE AT S TREE L L TS B PRI Th 5, AMZEDYAGE T X v 7B D X 5
(CEFIIERRBERS SO BALD Y, 2SI TRNTHRARBER O HiE b &5, IR TIX, FPEMRIRL D bt
SRR EIFI AN U CRERERH SRR 28 U S 505, R R OWERE), <ILOZABIC & D ko
it ZEHRTH] OTFA UME & TR S R & < FPBE L, Y472 56 Tl DR\ BERS IR MG H AL D,

271 BHaDEENAEMETREE

IR HUES UTRBE CIERR =1 /L X — O N Clide < . BV IETHRIRIRIC 5 5, L
WPz 2 & REFEIED L TRET RV F =2 S L L0 ITWEBENE Z Y | kiR Lofs
AN D, ZOE T, RO ORIy OFRm TR —03R/E ) & 7o ThERED T e, X 2.11 1 TRT K
O 7R Tl RETHLFX—% y LT5 &, WHEICHATRAICRT HIANIRTOREEE AP 2M#<, 20
AP DRESFREZFNVF—% y LT5 LKA TEIND,

AP = Z{ydlsin(%) _ ydlsin(%)} / (1)’
E%}é_}gz—}é (x))p) (2.10)

X2.11 #in-7-FmEizBIT5
BEREOBREN T [34]
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ZC. KiF5% 1 mol DIFFEE V., B3 DOBEHT RN —AF IR TE 2 bivs,

AF = APV Q.11)

ZIZTED LS R THERENDE Z 2 D)NTHONWT, IR ERIT R X —D0MaB 25 & Wi T
IXAP<0 THDHDH AF<0, A TIZAP>0 THHMMH AF0 L72b, LIZ-> T, RETR/LF—0EN
(D AR A~ ERBEDNE Z 5,

BeEfnfR Z36 1 DRF—RI O 2 61T DY ERBEN OB 2.12 |9 & 5 12, 28 — e, PRk,
VSfR—HTH, TRENCIG S, FEICIX 738 Y O & 5,
ORI E, X 212 O HTZ 0 . SR ey OZSUE S < M OZAKUEI LN O T, WE
NI TR L TR v 7 THDIMENZERE T 5, 2 DFRKULEDZENFRIE — Ebiatsti | I 2 BEks OB 771278
%o PEREEREIL, RO ~GIZHT=0 | BEEN XN & Ry 7 128 A RILOREZETH 5, K[ILOFA
T 25 EME & RANOEENETH Y | (il TRV NSV, 2072, M & RPN ORI
ObEHLAOEMET, (i, KRR, EBRAIIEILOR AR O & Xidns, ZobEH LE ERVEAL OO
FAAE DRI Lo T, RimbREL AR, RDERU 0T o,

—J5, BN CIRRI AR BDIEZEAMER L QD R0l Ciikhi -0 s NI A7 5 TEEJE

. VI D D TEEJEAME . WESTREWEZ AT 255G, ZOIESIZEC Ko Tt B M

BN L o TS SAVERE e, F7o, ZARROMENTIL, BERSEE CIRMBAEE T2 Z L0395,
Bl 2T, ZHRIZIV  CRERSIREED S WFHORLS O 8 2 35 B T AR O XIRFRIZ 72 5, BERSFIHICIE,
[EFR 247 & SHAHOIAEIC K > TR - TR RBLFMREEZ & 5 2 &N TE D, RIT, RiA-DOIMNHEN G
RN H L7 S AT 35, 2SO 8 7= DI —HT IS X B8 L OB T H
Do

FREORERE T, 2 < OHANL O OEENRE S 0 Ao TR Z 223, i~ OO BEEE I EHT
THERY | BT v 7 OREIIEEEER = CTh D, RIEIEH. RIIEH, REEILROIRITIEM b L%
— WEBEHNILERTRLF—) (TREL 2D | IREIC K DRI,

(6)
UUL:\\{/E,

(D1)

(1) RERE— RV DREHL

(2) HIF— R 7 DR FHLR

(3) BRFRE — R VI DRI

(4) R — R v DIEIRAR

(5) RN EBDIENL — v DIRFRILIK
(6) BRFRME — Ry DT BB

(1) BRRE— VI DBFRE -

X2.12 BEREICR D WEBENRE [34]
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272 S[HOELIZLSHEEL

BERG R ORIUTZEE TR OERR E e D DT, BEEROBUE LI ZZEHE R DOIEBI IR & 7B h %
T 5, 2ok RO OB A X 2.13 (27T, K ORENILERIC L 2WEBENC L b2 0WRILBSBE L
TV HMERL TN, (@) (THEBRINOKALAFESRLIN 2> THFEILE LRSSV A E N D356
THY, b) I TRFUAHET DZHE T« KALDRITUZI > TR L CRIMCHI D /A TH D, (2) ORAL
OVHIREEE I IFEBAREE D ELNT ERE | — AN O 7 DRI IER L 0 DB DT (a) DT
HENHEE 720 . B E RNKILUTIEE LN ENFEAETH D, - T, KT HXILER &
EHITE, R a /NS < LIEBUERREZ FS 375 2 L PMETH D,

MRS
\m -
N\

@RIPNIZTRRE LT RHALOYERL (YRZA_EIZ 8 % 5 FLOYERK
213 ZEREA DI £ D KALOTIK [35]

Lo, B EIZHDEILTYH, BRI L > TRIBEREMT 2 2 L3 e 5, X 214 ITRT L 912, 3
DOREIPRIA & Z DI EN T/ NS 2RI & DRIOZILOY . REID IR E 35 O L [k
ICRILBBEIT 2, RLAOBEINELR PR ORI INHRT D & (REENSEZ D &), 3 20X G—L 1
DORERZALE 72 % RIFHERCCHRIIERNC K 5 R ALROBHE L) HRALOE—HEDIZ ) BRE T
MU, DF Y BEEGEED NS W E ETRIBER AV ZAUTKABI TR S L TRE L e D,

A

Xy
Y

214 RIECRICHE D &I L DKILOME [37]

2.7.3 BHEER

BEREESR ORI 7 BB T, 19455 DFrenke DAGMEEN Z 2583 5[66], 19494F|ZKuczynskil 3 & 512
AIE—eE ., RIIR. AFEIRER EOBEA R L. ZODEROBITIER S D K 7 ORI 2 T
L7z[67], F7o. FEBRCTIRET VEHWTIBR L, BERSHERO 2N LT, 19585213 Coblel - T
KLFILB ORI S AU72[68], 19624F121F, (RMFEHER O LA D OIHBURIR D d> %5 Z & 731chinose &
KuczynskilZ £ > CHEBRIITRSNIZ[69], T 2 Cl, BERERE 2 0IHIBME, HERE, SHIBRE O =Bz sy
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TR L 7= Coble DBER R 77T,

(@) B

FITHABCPRE LRI TR B S B BN L CREAE (R 7)) DERR L. G LIRS RGO R &
ND, T 7 B3R LTRLS 7 BVICEZET D TOBBREBEEOTEREE VW), 3 7 KEIZITY
EREPLETH Y | ORMEITITATE - Boifs GRREDEV B HARWMIE~) | FRIHLH, AR Gk
FRRRBE A SHE AR, FE T RBEDMEST) . RIREH, SBPERED, FEMERENDSE 2 5D A, RIRTOXR v 7 ik
T AR TR LT R =D NS WREIERS E & 72 D, WEBEINRRILRIZ L > TRZ 5 L &I
(T3 713RE L R DDA HOMEHIZ TS, BIGROINEZETR Y, Ko THERIIICER SN D
BERGIAR DI TR,

FTo. BEREOWIIIBPETIIR v 7 ORI R OFBFIAER Z Y | [ILOKRE SITEEL 2 5, R
TORESNL,. BRETFORBRIZRFIEOFRERA T 2 5O TH L0, JFEHMYMEDRLI DO A APV FE S
ZETHEID, ZOXIBGE. RFORESIORR L L TRERZERPERI N, ZhBnRiobe &
m0ET 2y OBLELIT S,

(b) B

FIIEAD & 23T TRERS RO KiE72 s & B b i D, FHIBRE ORI O OBERSERFIZIL, BRI HRL
FEARRIAFTE L2, DV OB L > TE U RE KL, 4 DORA CHEANRFDTEAIZ S
H5F. BEO 3 ORI CHENTRIUIIN S T2KILBTAE L, TV SIRRIS 28 L CAWZER LT
%o THIBFEORERCIE, RSO HFEIERIC & > TR D E N ALT E A~ S, SFLIE 3
%o WEREIHDMARILHCOCRI YL & O Tl Z 5 & Z12iE, RO EANNTEET LRI MHE
L. BEREOBEITm< 2D, Fio, KALEE T H #IZR0/NSWIGET B R E WG ~FRIEHLHRC A TS EEE
L > THEDBEN L, KILDOTENEALT D, SN2 > TODRILEBISIL. BEEIANERZISZ L T
WHRALZPARIL & WV, KELDSPAKFLIZ 72D F CRHHIBE TH 5,

() RGBS
HHIBPE CIIPASILOSERIEAL L, RIRSCRIPNIZ L, A - VHIR L &2 b DIFRE L, FEabhiod EHn
R T %, HHIBPEOBEE T, PARFLOWREC K> TRZ 2, Ziud, WEIRIR D) DRFLE R R
JERD DWVIEIEEIERUC Lo T s s Z 8ok b, L, IR £ T OIERICRE 2R AN TE T
LE -85/, KRILEEY FREcKIF-OBA 2 2 DT, KL LARE L T LE S H 5 FH bk
SHTWB[37],

2.8 BIUEIZEHENM YAG 53V DEUE
281 FEXMEEITVIDOFHEAE

BHMEE T 2 7 BYRZBW T2 SAORHMIEB 238 1 . EH0 5 OFFlfic S & 3V -2k E
APRETTER26 IR, b, TN TNOMGEDONEITH, FHITEROMNER4 (ZFiHk L7,
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F26 FOLMEET X v 7 OFHtEHIN Ao rEE

ST X &R Bl A—f1— i
MBS, RS ROMALL ICPR AT A=AV AYVIL SPS7800
HRAEH
IREEROMRL HAXBOHTLEE BmBAEHIHY ZSX100e
HEBEOHFREODBIRE | L—Y—Ei/8ELNHE | RSN ER LA920
ki

et E O F BRI M ARXIREHTRIE BAEHIHY RINT2500HF*/PC
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REEBRIDIREDHEE REXR-REERE B RIERT DTG60

3% 4 Uk oD RS FEE <HikEtRl

IREERDORIRA R IL AR AR )L BIE B 3 8RR U-4100

TJLAoH4X HIESL—H—FAMEE FUNRZRHERER | OLS1200

BRTHYOERRTF

HEMERoBR, 44X EEBFEMSE BAEFHEASH JSM-7400F

TJLAUR, HROMA IRLX—DEBEXES R | BARFHRASH JED-2300

282 FHMYAG EIIVIDEMETOER

AHFFETIL, MBI ROEYWEZITARE, BT GEZ W, BWET o 213X 2.15 OFFIRT
F DI, REL DT THEIMRDORIUE, U, BillE. BERED 4 BB D, MEHRORET, ARl
ToRBMAZ Bank LER bR A (YAG) &5, ZHLIRE, Z oz —ikpEfs s K5 BUBEfETlE, —k
BERG TS DT YAG Bk 2 BERsBIA & T (=5 7 —n) 128 L, A7V —z28E 2, o7
—H BN LiAZr, YAG MRS @ T LTI A BUYET 2, AR ClE, BIBAARD HAEI 24
2T BEERET 1O Z1T 5, &7 mt A3 215 OFFNTRLIZE 5788 T 2 v 7 0k
PR 2 KIET IR PEEIAE L, E 4 TRt TH 2,

| HEBEOsE | HOBE B
AIERAD AR« o TR

IKZELN

e T mms mEEE
— RS D
WAD H B L

D81

25 —OIUE ]
s RAIDESS FINE
el

) FHEx RERE

X215 B YAG BT I v 7o atv 2 (ERI0F)
LB ’%2%%& ITT T ERIO B E )
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2.8.3 #HikiEIZKD YAG HIEBRADERK

BHEDOENET I v I B R v T F X A METHEZERER T 25720121, YAG & %5t & L2RWRFF
HE O TRAINHIE 5 & K258 200 — 300 nm FREDOHESHOME RN EE LN EE XD
B ([70-73], ARFIETIE, WAL THRL L7z BiBRA A —RBERS L CHEH R 2 UET 2 0T, #EHS
ROMWEIIRBRAROHEEIARIFT 5 & TRISHDM, ED XD RO T THIR S RBREN Eit
DY A XOEFEIRIZRDOMIH SN TR, £2T, AL LT, Gk OKERRH (f
IRFZEAb) . VREAIN ORISR | LB OWINE, 38 L OERIREIZHE B L, 15 57z pilRIEO Ff %
X MRETIC & D s & B BRI L DRDIROBIZRIZ K VAT o7, AIBRAKLF & L Tl 7l ib
LEE DEFEIZTE TV, FERLEDMENT EL 7 7 ZARHE TIXRTBRA LIS 7 'L 7 7 AN
[CNE S TR DBRE SIS W b OREBmOERLEZRSZ L NZEE L EBbid,

2.8.3.1 MK EEIZ KR HHEIBEAITEL D £ AL

BAMERIR CH DT VI =T b (Al) &4 v MY DA (Y) BEKEWRIZT VA VR AT,
pH % EIF % Z & TR DEZRL Z LT AL Y TNENOKBL & L S W7, ZORO pH 21k
MK BRI T V7 U ISR DB REICOW TGS LI R A2 L TFICdR R 5, Sic vk
. BROEMAKDOME, LEEITEROERHIRT,

LB EIZOE > TA A U 0.35 mol/0d Al Y IRA/KIRIR 25 L, LEBhA (Wiig7T v €=
¥ 0 (NHg)SOs) AR T2#21Z, 2.5 mol/ QDRG] (IRIEE/KFET &= L : NH,HCO;) /KIEHE %1
T U L7, Al Y IBAZKIEIRIZ(NHY),SO, & N 2 72313 35 CI R 72T Y . pHIEIX3.76 TH
72, NHHCO; i F9 2 & EHITILENE U, T O%BIEBII T L Lz, IO pH RN
36fHEETEAT D LIBRITIHET 2 Z &Nl hole, £D & &0 pH ZAbilhi#i & BikiRE D2 b
7 [ 2.16 (239 W DU O A4 a3 NHLHCO; i T E853 23 R T @ W pHAEIZ 72 > 72 729D TH D |
RERIZ X > T pH A —72 (RY) EIC/e D EHK LI E B biILD, 0%, BB LEICHTH
T 5 O1E pH #ifRONLH BNV ERSO pH E 3.6 & —F3 5, £iz, B o pH ED 3.6 7°5 4.2
FCIE WBERNCIRIEN TR > TND Z & L0 IBARITRESL TH D Z L35, pH HifIZIX
BOEHENHY ., ZTOSH ENVESO pHAEIL 54 T, 62 FTTHDH, ZORPATIL, B
IR ER N AR LT,

8 | T | T | T '38
7 136
6F 134 %

I B

L 5 132
4 {30 &
3 128
2

] I I I ] I 26
0 20 40 60 80 100 120 140
NHHCQAME [ni]

X2.16 Al Y RAKEKD NHHCO; f# T2 X 5 pHAE & KR O

-25.-
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B AP EEAGET D 2 & OB EZTAR D200, AUKIEIR. Y KSR OB O KR 21T > 72,

I, YIRGKEHET OREICHE LT 5702, Ai#E1E£022mol/0, #H130.13mol/0s L, BEKE
1R & [Al—5:14C NHHCO; fiff FIZ K5 pH & IROZALERE Lz, TOREEK 217 (TR T, =
NHOFER LY . Al YIRBA/KEK TOH—O pH My Tidk Al 23, 8 .0 pH Z#iEksy Tl
Y AR LTe Z E BT E D,

38
136
134
132
130
128
| . , 26
0 5 10 15 20
NHHCOFME [mi]

B

[3.]

pH
N w £ (3] (<7} ~ [}

38
136
134
132
130
128
26

B

(9]

pH
w £ (3, [+}] N o ©

0 5 0 15 20
NHHCO A ME [ml]

X217 AlKE® (F) & YKE®E (F) © NHHCOs i FIZ X5 pHE & kRO ZE(L

G R OKEEE T, B, X218 [T X912, pHEN EAT2 LIRGETEH28RA 4
TR BEITFEE BRI U @R KER b DS T 5 AT O n iZ& R A A MOz " L TH Y |
pM™ X4 JE A A U EREMY & FRQRA2)DEERICH D

pM™ = -log[M™] (2.12)

3MMOEE TIE pHAEA 3 LA T CIIbEIZA CEHWZ L 2R L TV 5,

Al DY E I, AINO;); « 9H,0 72 EDALEW & AKIZIR T L« [AIOH,)6" & 5 KR DI CRICHS
J5, ZOBEBETIE, TAI=U MIAPA A2 & U ORIRICEET T D, —I0IZ, pH 2394 LT
X, W TV AN ELS B E CHAIILETH S, LnL, WIKO pH 28 4 2l x5 &,
[AL(OH,) [ DI~ DYAIREE 3R 6D TS L 720 | KL OB E U %, EROFBRL L&

T5,
— 7, WAFEILHEA A E, pHED S LATF TIRIE & A KRN Z 597, K219 18T X9
WY ZBpE A TR EATSECHE A YT ADNEIZIR pHE TILE Lo < 72 574771,

- 26 -
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ZD XN, MKRSIREDES SIZATI LA A DORE SDOIEIZ/Z2 Y [78-81]. Y DHA B 217 A
X D FERFE B L 1FE T 5,

n=2
7 \Q\.
L6 ° ““\Hkt*‘w
L | 5 (&
0 1 2 3 4 5 6 7 8
pH

v 4 llllllllllllllllll
X218 &K DORGERA A Se Y LaGePrNd SmEuGdTbDyHoErTmYbLu

BE (pM™=-logIM™]) & pH @

REER [38] 219 A HFEITFE KSR LAED D pH A

Ll 22 TCREDTDHNEZ &, ALFMMETHETHL LD 2L TH D, MMETTRITHRAR - 8
WHOEHHEBRUS L, B LIZBRAYOKBRE b I8V L - SIWAOW G OMNEZ b b, Ak - ik
DELL L BRIET D, LER>T, ALIE, 740 VITx L—HIZKEMET v X OB AAED A3,
FNZT AV EMADHZEIZEY, RRQII)D L 5 2SS 28 L TR 5 FIREMD & 5,

=

Al(OH); — HAIO, +H" (2.13)

L7z T, 220 (27T K D NSRBI DAL & VEFRD T A L DA ST DSKER L) DI b 2 E I
FETH pHIETH Y, TAI =T ADOBEAITL5—6 Th D,

p[AI*+], p[HAIO, ]

220 Al OKEALILENZ BT D AP E
HAIOJEE & pH & DOEIf%

BREL, R EZFIH LTV D23, Al Y IRAKEKIZY @ pH Z28hfE 6.2 (X]2.17 /&) £
T NHHCO; KIEK 2 RN L2356, ROSRR2.13)02 L 5 A(OH); DVAfR O M A w8 L=, NH,HCO;
KEEWRZ pHAE 6.2 1272 2 ETHIM L THELNIZIREF D Al A F 2 & Y A F 2 OREEF~T=, Ik

-7 -
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H

BT g 2 iE GEMIEEER) TRV, R L7721, 04 mg ZAREEE (2.0 X107 mol/0) TR L.
ICP BIITEEE T AIA A & Y AT OREZRIE LT, fRER2.7ITRT, HEMED Al A
T Y AFDENMREREZRM L& 2 A, ILERAMINGE TRFO pH ES 6.2 O & LB
ET®H5H3:5THY., Al(OH); DR Z > TWRWZ L AR TE T2,

#27 ICP ML ARIBMATR D Al A A & Y A A DFNVEE

ICPRIZE{E [ppm] Y=5£L1-BNDEILE
Al Y Al Y
pH6.2TRE%H | 3.98 3.95 3.01 5.0
2T LI-BIEE(R | x100(FHRE) | x200 (FHRE)

2.8.3.2 RIERAILER DIKZEL

AR Z R T DRI O o — A F U R EXRET D7D, IWBEOKIENZIT O, KW D Ik
ELTIHERDHETH LM, BEOT A —Z VIR TIE, BHRfE 0 NASICEZ Y 8T
Ehemotle, Filo, EHEER EOMERITNRNH 5 LB sh, TEHOLOMNITEE A L THYEE

TOFERIITE X220, ZD7=8, 130502 O Tt S ai (EBARR) 1208t L., BB AR
Ze AR AZHA L, T%/f%#%(%MLtﬁ%w T AT T DIEEEBYIRL, ho X

—A T DREERAICT T D HEE L o7,

IKYEWRFD pH B L | ZAUICBIE U CUREAIRIN &I B L TR/ R 2”97, AL Y IREK
AR ERm LI > TA A U8 & 0.35 mol/0IZ 72 5 L 5 ITFHHE L, tLEBLAl & LT 0.7 mol/g* YAG
® (NH4),S04 0N %, LB (NHHCO;) DOIEEEIX 25 mol/0 s Lz, Z DA/ e 2 E FREAL
L. ZHUARRITEATAIR & K5, BEARESI CULEAMINGE THRED pH S 6.2, 7.0, 8.1 DILEDKYE
W%ﬁ@komﬁwﬁ\JVXW¢@4ﬁ/%r#h§$TLSMMHMT ZRDETHDIRLAT-
72, 3000 rpm (1710 g). 10 WODEEL . EEAR A BMKIC AR L, TR L2 A R YT A
#— (20000 rpm T 1 %) W)T LTz, REARMRDA F P DST 52 W THIE L7,

221 13V AR OA A PRED 1.5 uS/em L FIZ72 5 £ TOKENDEEEZD L E DY R
WD pHAEZ R L2 TH 5, Pevs 1[I, 5 g D YAG (2% L CRRHMIKAS 225 mofEfl ST b
Ol pHEA 6.2, @D1L 7.0, @1L 8.1 D H D, @IFOIZKTEWERNZ T =7 /KZMZ T pHEZ 7.2

ICHEE L= b ORI R TH 5,
IOIII|"'|"'|"'|II

[ _A_
[ —a—Q)

9F o5 |-
[ @

pH

5 : L L L L L
0 2 4 6 8 10 12
wemE (@]

X221 KEEWIZE DY o AR O pH 24k
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K2R L7z KA OfER (pH 63 ~7.8) IZA-> TWD A TldmOoEE (1710, 104y) 12k -> Tk
ez U AHRE SBET D 2 ENTEIR, TN ORTIE, BOSHEOSRHEEX THLOBETE R
mole, Eio, IKEOFFEHIZA > TN TS, ILEHZ LRI L. pH EOEWVOIE, EEAED
A F AR IRDNRINT D B KW REOBMK P LEETH o7, 2D DY T /DN T,
JR .05k &V & pH fEIEk, X pH fHIk TR 2 B CE o7 U o AR 25 g ITHEfR 2N 2 Chi+
Bl L. TORMBKZ ICP O ITILE TR~ MRZ X 28177,

F28 ICP /MTIC X2 AT O Al, Y &4 BEOHEREF

BAL-fE ICPRIZE{E [ppm] Y=5LL-FDEIREL
Y Al Y Al

{EpHMELL (6.02) 89.7 15.6 8.7

mpHEEE (8.28) 43 46.6 0.1

YAGD EHE L ({bFEMRLL) 3.0 5

BONIFEREENVRELICHAE L, ALZS5 L3258, IMpHMITIZY 2887, & pHMITIXY X
0.1 T. YAG OB 3 NHRELL TN TWND I ENhoTz, pH DIRWEIL CTIX Y sl A, pH O
OB T AL O BEREEECH 5, TN HOBSITY, AUKBIEHOE — X EBITERT L &
EBEZOND, B—XBAOMIENS K E ) pH 5k TIX, KL HIIASICEET A0, BE—F BN E
DR B HEERTIE, KL FMOEN DR KE 725(82], K22212Y, Al KEBLHOE—X EBOT
I A 7Rd, PR X0 RV pH SEIICIE Y KB OSEER R H 0 Y KER(LhL 1R D 536 7)
MR E 72D, BiRILEORFEPE LT E O REL Y SEERREI /D, ZD7D, U AR
2 DY A AP ST, —F, IREOTEBE Y &V pH SEITIE, Al Kb CRIERDBISR A
HZHETFRTED, 2L T, KEWKHZ Y & ZHRA I L 722 WEIIT pH6.3 ~7.8 TH Y . Z OFENK
TY. Al KL OW S DY — 2 BALOKMRENKE 72D LBELRIND,

Al

o R
o ﬁ
@&

10 e
¥ i

-
6.3 7.8
pHIE

4222 Y. ALKBAEW DB —ZBALO THIX

PLED X, ALRRSY. YRR D EB S — 0N RIS CEFIc ) v Rk E & HICiH LT
L% 9 &, KEWEDOILE DL FERLENHEALL ST TLE Y, OL@FLET 5 & KBEVVERT
O pHFHEIIETHL Z BN D, £z, QLD ILEF A ZEICIRML T pHEZ 7.0 IZF T IS

-29.
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% LK KREDOMANLETH D Z LN ND, THUTHA, IKEEWERTIZ pH FH#E 247\ pH H
2i2L2H0 (@) 11X, U pHIEAEWIZ L b S5, D EOMK CHENAIRETH 5,
PLEDORER G, pHE 6.2 TILEFIOWMAE T L, KEEWVERNZ pHEE 7.2 BREICHHET 5 2
EMBEFLWWEEZOND,

2.8.3.3 HIBRAILERXDIFFFZE 1L

VLG NHAHCO; O T #& T 1 O RIBRATLER DRV A2 5~ 7o, HARH T pH EDY 6.2 12725 %
T2 mi/min O TURERAIZRE T LB L, WT# 7%, 1A, 20, 30, 7HM3SCTHEEL
R\ T 7oV A KBV U, R U 7o, TRBGHI OO TR T2 OB 2 DIKE, BARK L FESS, HEkR L CF5
SNTHMED SEM 8% X 2.23 12, X BRIEHT/ 87— %X 224 12777, SEM BIEDOERITWT NG [H
CThsb, 1HEOR I, — R ORIFERDOIEE A EH 50 nm—80 nm Th -7z, 2 HLLEIZAR
e, 100nm Zx DRI OND L DI27e 0 ZRLFRITRE R i oT-,

¢ 223 é%%G%%ﬁﬁKiéﬁﬁwﬁ%@ﬁ%ﬁﬁﬁ ié%%

700 . r . . . 700
600 | 600 |
500 | 500 E
400 400
300 | 300 |
200 | 200 |
100 100 £

700 : : : i : 700
600 600 |
500 F 500 |
400 400
300 F 300 |
200 F 200 |
100 | 100 |

0 s ' ' - s 0 . . . s '
20 30 40 50 60 70 80 20 30 40 50 60 70 80

26 [deg] 20 [deg]

Intensity [Counts]

4224 AR ORBRIFRIC K 2 RIBRACRIA- O X #RElT/ 7 — > D24k
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X AREHTHIE CTIE Cu-Ka it (50kV,200 mA) Z My, A ERIEPHQR 0)1%20-80° . 7 J v
7ﬁ@ﬁ0m°\X%%Vﬁﬁﬁ3ﬁ/ﬂnfﬁ0ﬁoWfﬂ@ﬂﬁ—y%fﬂ—FT%WﬁT%w
7 7 ZRREITHT < AEARLEE IRV DS ThtR . R T 2 & 20 A3 25° | 39° | 43° OE—7
DB 72 D AE B EXR > TWnD Z E 2R LTV 5,

LIEDFERE LY, ARBICERBEET 5 2 & T, RAE0Z DA~ BT 72 O RBE TR
MOLIROEIMEREOND Z ERHIFRFTE D,

2.8.3.4 HIBR{ARA RBF O SLRH R IR E
AT, ATBRIARA B RF O VLR AR INE EE D5 A i~ T, FARE 2 T, pHEDY 62 12725 £ T
VB 725 90 mO D ILEHA A 1m0/min, 3 m@/min TN L7=56 & MEREIIERA LT2GE 06K KL
Y 3 HFRARL L 7oA 2Kk ien L, Rl L7,
RITBRAR D SEM B %X 2.25 12, X AREIHT/SZ — %K 3.26 17T, BIELIERII3IHEBRTET
H5,

1 ml/min 3 ml/min

NONE

X225 VLESIGIEE O 572 2 Bl Ak 1~ O B - BRI IC L 5 812

700

1 500
400
300
200
100

I I I ! I 0 I L L L 1

20 30 40 50 60 70 80 20 30 40 50 60 70 80
20 [deg] 26 [deg]

[— mEsmsEs |

Intensity [Counts]

X 226 ILEGIGINEE DENT X D ETERMAKIA O X BRIE /2 — 2 D224k

VI 2 MR LIRS LTS BT IR O — IR DRI BI3/N & < 50 nm A RO DRZHEA 5
A7z, BHINEEE 1 m@/min, 3 m@/min OREIL, ZIL K D ITRFAEENKE < 100 nm &8z 5K H 81
BEEINTZ, F LT, IINEE 1 me/min O¥HATIL, 50 nm UL FO/N SR F135h BB S o 7=,
X MREHT RS2 — DB id, TBHI OTNNEEDENE EREALE D N 2 LA ho Tz,
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2.8.3.5 HIEMALERFFDRE

RITBIRA A AR OWRIR DB A -~ T, BRI A2 T, pHAEAY 6.2 12725 F T 2 m@/min DI
T F L 3 BRI L7z, Z oM O#EEE 15 C, 35 C, 50 CTENENIT> T2, AR pH fED
B A 22712, KEEWKRED U > AEIRO pH fEZL % 1K 2.28 1277,

Al KL DERT D pH EDMEWEIR Tl BRGREAMEW & pH A & < 72 0 2 OE{bREB D
RiIno T3 Y KA O % pH EA EWEEEL T, IREICK 22602 T otz
Al A F XY A F AT MKRFRRHCSUSEAD BN BHETHH Z L L (K216, K2.17),
BEDOEBEZ T HNEEZLND, ILBROKEVICE L TIE, 15 ‘CTIXY > 2RO pH 21bidd 7
<L KB EER A 2 72,

7 L B B L B B BN B 10 r T T T

[ N ——15 °C

6L £08 ] 5 —o—35 cl]

: oo;n“!{ 9: —e—50 °C

St oan 1 8:— 3
s T |

3 [2hocosiameeneee’ s s 6 ]

ko, o e 50 °C [

2' ] I 1 I L L 1 5: l 1 1 1

0 10 20 30 40 50 60 70 80 0 2 4 6 8 10

NHHCO.E [mI] HAER [E]

X228 ARIREIC X - TR AHI0EK

X227 AR FTe B AR ~ RTE
X227 BRIEEIC L > TR D AR Ve ke U o AR pH EZE AL

@ pH fEZAL

B MR U7 BTERIA D SEM 14 & X ARE R 2 — o 2 FNENX 229, X230 12T, BB T
BLTERIIIKEDIZFRILTH A,

NONE

X229 72 HIRE CTHR LRI Ak A SEM 4

— R DRI EIE, 15 CTIEL 50 ~ 80 nm, 35 ‘CTIE 100 nm F2E D L 23814, 50 CTIRHIFEAL
25100 nm LA ETH Y | BENEWIEERE S RDHMHMAH -T2, FFZ, 35 CTHib 50 CORIDZEAL
EREDNoT, XBEFTAZ = DG, BRENEWIEEREBLEREN ERbhoTe, &
AR DM \WE A S IR DKW D[S ANE 2 72 2 L 1E, X BREYT S Z — 2 OFE R L 0 thB Of5 L
EMES TEALT 7 ARETHDLZ L THETE D,
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700

600
500
400
300 |
200 b
100 £

700

700

szH

BME YAG BT 2 v 7 L—H—kt

600 F
500F
400
300F
200F
100

0

Intensity [Counts]

600 |
500 F
400
300 |
200 |
100 |

0

40

30

20 50
26 [deg]

60

70

80 20

30

50 60 70
260 [deg]

40 80

X230 B/ HIEE A L IZRIERAR A D X BRIET R 2 —

2.8.3.6 HIBK{ARA R DILERENFID RINE

— 77, EBHAI(NH,),S04 122 T SO DIRMIZHR OFEMII AR TH 53, Fe ° Y DMK RIZE
Bh 52D L0 HEGIN S 5[83-85], FATEIRD Al, Y IRAKEIRICHINT 2 LAl O B % ARk
925 YAG 1 g {2k LTO0, 035, 0.70, 1.40 mol DEIEIZ/2 5 X H I LTz, TNENOEERKRIZ, pH
A2 6.2 12725 F T2 mb/min O E TIEA] 90 mOAH F LN SHE Lz, Ao pH £k X
231 TR, VRERBOAI A2 SN L 72350 & . TRBEGRI O TR EE 2340 53 90 mOisIN L7243 T pH 23
621272~ 7z, ZHUZx LT, IREBIAI 2RI L2 o 7454 (X231 ) (X pHED EHNELS ) Ik
JE 2 90 mOERIN Likdo - 7=Rg D pHAEIZ 4.5 Th oo, 72720, 2O F % 3 AT 5 & pHE

L6212 EH LT\,

TR D KPENRED U > APEHE D pH fE

DEZRUTZT T 7 %X 23212777,

;| NH),S0EME [mol/ g YAG]| 10 |(NH4)Zso4ﬁshuE [mol/1g YAG]
F [ a0 | T T - T T T ao
. o 0.35 a . —6—035
6F| e 070 o 9t —e—0.70 |
o 1.40 a8 —=—1.40
= St =%5e Jaseet 35&[ 81
[ Q AAA I :
e 4t poo u";'AuuuA“‘A & 7
:nuuﬂ“ s08 ."
3 fert* 6}
] [
2 [ I 1 ! ! 5 [ i | | Il
0 20 40 60 80 100 2 4 6 8 10
NHHCQE [ml] xEESE [E]
X231 JLEBOAIOWINEN 72 5856 X12.32  LERBOAIOTINEN T2 D856 D

DE RO pH 21k

VLR BLA 22 N L 722 o Te g &
AR %

EBEST D LN TE Do, FTf

-33-
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(¥ 2.32 a) 1%, 2832 H TR~/ pH fEHIKFICH > THIRE L U v
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DA A AYREEN T BT KGN R HE % 72,

HEME U7 ATBRA D SEM 441X 2.33 12, X #RIEHT/ 2 — 2 % X 2.34 1TR T, TRERBIAIZ 300 L7227
ST b DITKENRTE RSO T, XA/ SZ —RIEDN HIXBRS LTc, B BMEE Tz L
TERIT A E BRI TH D, IREBIFIZ RN L7\ & — BT OB TR 3R 12/ E < 50 nm BLF
DHLDOPIFEAETHDLN, REBFIORMEIZ & & 72> TREFRITRE 20 | EEhAI(NH,),SO,
23 1.40 mol DIFAITIZIZ & A EDRI 75100 nm LA ETh o7z, REBIEIZ RN L7220 o T2 86512K
PEWRF TR & U > AR B CE o 7o DiE, KRBV NSNWZ ENFREINTH D L Bbns,

0 mol/1g YAG

NONE

1.40 mol/1g YAG

NONE S 8.1mm NONE SEI 12.0kV  X60,000 1

233 (NHy),SO4 iSHIIEDEWC & DR+ D24k

700
600
500
400
300 £
D 200
C
S 100
Q 0
O 700 700
2 600 i e00f
[72]
2 500 1 s00
(0]
2 400 i 400
= 300 1 300
200 1 200
100 100
0 I I I I L 0 I I ! I I
20 30 40 50 60 70 80 20 30 40 50 60 70 80
20 [degl] 26 [deg]

X234 (NHy),SO, IRIEDEZ L 5 X BRI % — > D%k
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XARESH — o OFER L0 JRBEBIFIDN D72 0G5 2 OEA TR EE MR 2 & B8 0o T,
FEATR AT B RIRE & TR A O I KA DT — 2 Tk, R rEPRKEL 2D & XV GOt
72X BB RZ = B LTy, ZOHEIRMT LHE 5 Tlidze < WEBAIO&ICITREE» & 5
ZEERIELTVND,

LI EDOFRER LD | (NH,),SOL S IFMAK A iR FE 24l D B3 & 5 72 0[86], & DR £ TIdfs
pfbEZ BTS2 LT o8, L RICIRINT 5 L TRBRLF-NIZ~ A 7 v L3 U TRl sb b E DR
WRE 72k 72 AR T 5 EHEN SN 5[83], ERLOFERN D, (NHy),SO4 LB A DRINEIX YAG 1 g

12X LT 0.70 mol DEGE @Y Th oD Z Lnnbroi,

2.8.3.7 BIAEREHDFRLED
BRI L DRIBMAR - DOEb 2 29 I2F DD ENTE, RO X I ITHERTE D,
Bt OB RUK TN B BITBRERIC B £ VR O 720D Bk BFE SR VIE ERE s L
@< 725,
BRI AROEENEREN SR FENPRE R FEREE L &,
AR IRENE N ERLFREPREL 20 bE S &V,
BN AI(NHL),SOs DR IRINE O FffEIL YAG 1 g IZ%F LT 0.70 mol DFIGTH 5,
¥, EAEHNTBERDIEX YAG R Th D72, WEITER~2 K512, Zh b OFTHRAZ —RBER
L7 ORI ORHENEETH 2,

29 BEESRMEC L DATEMAR ORI F£E, KEa b D2 L

o 30) & Rl A & RR A (NH,),S0, &m&
¥ R AR [C] [mol/1g YAG]
EL(78) | 1mi/min | #E5ERRIZ | 15 50 0.35 1.40
A
AR {K HFE th x i /s * 1h *
fERILE = = & s th & &

2.8.3.8 HIEMAD —REEHEIZED YAG FLFDEE

RITBRASRL % — R BERS L YAGRL IR 2 VET 2, 2 0 YAG KL OPEE 1E, —IRBERS O BERSIREE
FEEE, BERERREIC L > TRAED LB LND,

F 9 BERSIREC X D MIED YAG fEdb b 02 b X BRIEHTHIEIZ Lo Tz, Z 0 FEBRIZIE
VLR BLA 2 0.7 mol/g + YAG ¥ L T-H Ak L7-RiEERA (2.8.3.7 /) Z Hv Y, 900°C—1400C %, T 100°C
FEITHERSIREE 228 2 7=, BERE 11X, BB LEER BRI 2 H W, BB RIASIIRA, BEkiRE
PRIFIRFTI 4 IefE], FHEEEE I 150°C/h IZ[EE LT,

BT % —REIE, X BRI CuKa, BB —2MEIEL 50kV/300mA C, [EHTAE 20 =20~
40° OEBEPHIZIBN T, A%y U HE 4.000° /min, > 7Y 7§ 0.010° TiTo 72, HIEREE
# 1% 2.35 1279, 1000°C £ TIXBAfEZRET ©— 27 BBNTHIEITT EL T 7 ZIRETH D | 1000°CT

-35-



$28 BINEYAG LT I v s L—F—H

[T — 7 BBAVE R IGE 572 2 L3 D, EHLAKE, IREO BRIV ERTE— 2 O E )N
m< feotz, £720 11000CE TIE, KHPIC*HIT/R L YAM O E—27 3 YAG OEfffe—7 &
HAITIEE L7287, 88]. THLLETIXI YAG DB —7 ORI/ -T2,

[s00°c ]
-o00°c . "
| E :""|""I""I""I""l""|""|""
] NS : e © ©* oo
— [1000°c ] | 4F
= [ 5 uof
= * * B
TV A ] e sf .
F=y S = [ )
% |riooc ] 2 [
s | 1 2L
= * T [
- *J\_Jd ,)L A i :
1200°C : @ 1f e
AL 2
A A - N oL i L I I I I L
500G - . 700 800 900 1000 1100 1200 1300 1400 1500
- A 1 wEERE [°C]
f oA A ] X236 HEREIRELDH260=333" O
-1400°C 2 o
r A i v — 7 mfED 21k
A A A 1
20 30 40

20 [°]

[X] 2.35 BEASIREEIZ X 5 XMREHT 2 — 2 D21k,

T LE OO 72 I B 8% — 0 20=333° OE— 7 miEE2RF L, SEEEEICH LT o
v M LTEAE R A X236 127797, 1100°C F TIXBERIRE N &< 72 5 & B — 7 IAEEIT N L7223, 1100C
PLETIE, —Ellheolz, ZORENL, RO THETH DKM LEEREIZHND YAG B EE, &0
FLENFOND 1100 CULERZEE LWV EBXHND, L L, RHBEICRENE W &R O
R M HEA RS S o D ELOAL CRIGIR DO FRIHEE 2 T 5 2 &0 R F[Al L O@E OGN 5 2 728
AIBRMASRL 7 OBERSIREEIE, 1100 C, b L<I1L 1200 CHEYB THD B X HILDH,

WIT, —RBERE L TR Ol S AL D BERSRFRRMRAANE 2 ~7o, W TZ BRI od (TR
OWNHEE) 1ml/min THOLHNZH O (2834 HEZM) ThHV, —KEEFSMIE. 1100 C, 1200 C
O 2 OBERGIEL . 100 ‘C/h, 300 C/h D 2 IO AL, 1 RFE], 2 WFfE], 4 B§fE] o> 3 FEEH O BE
FERFF O A G L Lz, YAG R DOfEd LE OFHIIL, X MEHT/ ¥ — 128175 20 = 33.3°
DOE—7 EEE AW, £72, R, S O IXE FIMEE CRIZE LT,

X A2 — X B LT7-20= 333" O — 7 HEEA2# 2.10 [RT, BN EEICKE 72
ZEXIR o723, 1100 C, 1200 C& bICHIRIEE IR S BERRFHIN R < 2 0 & B — 7 mifd (Ff
) 1FR&E < eote,

210 XHEEHARZ— L0 HEHL7220=333" O — 7 [HE

1100°C BekEEsAR [h] 1200°C EAEEEAN [h]

1 2 | 4 1 2 | 4

SRERE | 100 | 4.0 [ 4.3 | 4.4 SRERE | 100 | 4.4 | 4.6 | -
(C/hl | 300 [ 40| - |44 (°c/hl 300 44| - |45
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SEM # %X 237 (2T, B LERIITRTRILTH D, FEOMEITE 2.10 DT DOE
Th b, 1200 CEL 1100 CHLE LIE, BAAIIC 1200 CTRER LRI TR RE Doz, Fiz,
ELLOEEIZBNTH, BEEREINEL 25 R FRIIRE S Ieo T, DI, FEEEN TN
. BEEIT LT D DR OBERMRSARE TH 5 7o k[ L O E TRV EBbi s,

1100 °C
100°C/h - 1h 100°C/h ~ 2h

o
cih

>
) )“’

1200 °C
100°C/h - 1h 100°C/h ~ 2h

w

300°C/h - 4h

237 BERESAFIZ KD YAG ByRDRLIRZAL

PLEDRER G X236 IR a L EEIFMEIZ H Y | K8 100200 nm TRlE O GV
DI DOPROTRRIZHE L TWD LW 5 & —RBERE OB SR RBERSIRE 1200 °C. FEE
300 “C/h, BERSIERH] 1 K] & B 2 HAL D,

WIE, BRLO—RBERESRIE & 3R 211 (TR LTC BIBRAKLF DA RS D il 22/ A6 o &2 1 6 8T
TOHMENRD D, 29 1T LT ARG CRUE U7 BTBRA &2 — R BERS L. T2 YAG KL 1 DHL
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TR S DR % SEM 2 X » TEIZ Lo, 72 S L E ORI X AREHT X% —2 D 2 6 =333°
BT — 7 mfEZ Wz, £ SEM 44X 238 1071, BIELIAERIITRTHRETH 5,

SO, #&NE 1.40 mol/1g YAG

iy ki i | bl R HAR #A R

WD 8.5

238  BERSIEEE 1200 °C. FEIHEE 300 ‘C/h, BERSEERIAN 1 B CHERS
SNT=AFERL 7 SEM 18, BIBMADARRSITFK 29 I2HET 5,

i DB FHR AN A ThiA-[F L O flas 8 & b A ki3, SO, WINEA 0.35mol /g + YAG
Db O L RIERNIEBEAI RS L b O TH 72, thod & OlE—Yokbi 728 23 HfEE L= ik E L
THEY, ZOBEFR I EBREINRNT LT @A LT\ e, £, KFR&IE. SO, imEMN
0.35mol /g * YAG Ot @ L RN IR A 2 1RA L2 b O B < fii> TH Y . k¥4 X%
AT 236 100 nm, Z#F 13K 150 nm TH o 7z IV H R A XL @hg DG W, XARET S 2 —
DY —7 HfE GELEDIRE) L L HICE 211K LIZ, ZOENPLHLMNRE S, SO, HINE
23 035mol /g + YAG D56 & TRBG A MUt I IR G L7238, fdbE b BRI TH D Z &2
%, —J7. SO, WHIEAS 140mol /g « YAG Db D, SRKIEEN 50 CHOH D, Akt EMOREA21T
ST b DL, FESMBENME o7, TbiE, X#REH R Z — O/ (X 239) (R4 & 912,
YAM HBHTH L TWAH Z ENRRATHY . 2 b SFFHOFBMAICE L T, & HICHEIRE TOhE
ftie b LIIRFHOBERE DS NEETH D L b d, L, £0 K 5 2RI E R 722 DR+ DR KAk,
AE L -0, BMEE T I v 7B O YAG AL LTIIRME TH D L EZbNS,
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o

BHME YAG £T 2 v 7 L—F —

211 HIBMARL DA ST X DRDRZE L & —IRBERE % O YAG R ORLIRZEAL
EREO & R AR (NH,),50, FmE
{RIFHFRA [°c] [moli1g YAG]
EWN7E) | Imi/min | {EEEREIZ 15 50 0.35 1.40
BE
AT ER{% B h x g 1 x i x
T plAE = = {E {& & {E {E
| —deiEE (1200°C 1E5RR)
YAGHF | M F& [nm]| 150~200 | 100~200 150 100~200 | 100~200 | 100 100~200
ELE o o 5= o ag =] o
b EE 33 4.4 45 4.4 3.0 40 45
5000 — e . : —e—r—r
M v YAM (#14-0475)
I gmi S
w >
g | fﬂ
2, 3000 | ;
> | /) S0u®
® [ A
§2ooo - SO, .
£ i
1000 |- j ﬂ
0 Bs éJ L"\ j i
28 30 32 34 36 38
26 [deg]

X239 AFMAD X BREYT /N Z — > O—HEhEKK

2.8.3.9 YAG MAREERHDFELD

YAG AR DILILIEIZ L D AR b —IREEREIZ L D YAG R BUEE CORERM A S0z L,
BRI R BIEET &AL, pH BB TH D, SRR KX ORIBRIAILER DK BEVVRE D pH IZ &k 5T
RS2 Y KER{bhi+ & Al KERLhi DY — X BN NEL L, ROt B85, K
2, ENENOE—FENAERrIZ72D pH (FER) HETIIRAFORIENDBRRKE2DT20, 771k
PEDENTT ORIFDIKRETENIHZ U > ZHEITH L T LEW SR E LTY & Al OLFERRIL AL,
BHMEDORENE T I v 7 BT D5 Z ENTERY, LLEOFERFERNSG . Gk TRO pH 1X 6.2
At . TRERKPEWETIZIX pH &2 72 BT ICHETT 2 2 E RN E LUy,

VLB NHHCO; O RN 1335\ 5 28 B, W RSN % 2 &1 &> Tl 7e pH fEIC F-<
B L CTHWERILBMB SO, 0%, RIFHOBMICE > T E2REIELIENTED, £
72, AR OIRE NS WA, TR BIAI(NHL LSO, DIRMER L WA, thBki 13k & < iET %
D3GR L IR S | B L LRI DM H 5, L7z > T, REBIFI O BN &L 0.70 mol/g -
YAG i ThHH Z L Rbnrolc, EHIT, ARREIZX 15 CEVE< 50 CROEWFEHANZEE L
v,

RITBRIR O —YRBERE Tl BERSTREE & BERERFMINEE Ch v | FHURME NSRS ORI H £ 0
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B G2 72\, BERSIREE X, X BREHTIC X DRSS B E OBRERR LY 1100°C—1200°C A fiE CTH |
EWROBERS I TR OS2 D B 72D £ L oA, B 24 < LiRE 5 &k
BN ENSRN, 2070, BEAEIERE 1200 C., BerEREME 1 RN RESRMTH D Lt T 5,

2.8.4 MEAEIEBIENGHEARICRIZTTHZE

2.8.41 BEAEETOER

AR TIEAY v 7 H v 2 MECTHIBEOBELIT 572, AV v 7 Fx A MEOTRIZ, A7V —

ORUE, R, BIRY . AR S22 5, BLTFICAT U — WIBEROBVEFIAZ ~T, HWZREK, 5

B, 2EE R SIPEROERHIEE Lz, k. BUERMFO—IL, MELFRASH OR8] % 5

ZlZLTW5,

@ =& ) — VB YAG A & YAG BHAIZHT L C 2.0 wt% D43kl & BERSBIA Sio, (mm A # Ly
Uh) ZIZ, 20 43RS e (800 W 28 kHz, 40 kHz [RIMFFEIE) THOBWLIEEZ 9 5,

@ BEW T CE Do TR 2 A v 2200 (75 pm) OKRY EERCHE LIS,

@ Y= b INEMOTEEMRLIHZITS, ((T81, 6 2H)

@ AZ Y —%RHMET D,

@ORMELIEAT Y — N U F— FAarFR— (1l mmo, 200f#) 2#FA Ry~ (2F&E
086 0) IZAFL, FA ARy hEAR—/LINVEEREES ECRESEE 75 pm T 1 HART %,

® MERAHEE L7=AT Y —ZAEHR (300X300X30 mm) LoV o I ARORIIH LiAd, 3 BIH
HHE T2,

@ R EZ~ » 7 V0FT 2 0m/min OFEFEKGEH CMEL . N L7ZBiRobRE Wik 2179,
UEDOTEOPT, BEEAOEIMEICRESEELEZDHLEZEZOND AT Y —RE, SiO, DEIMN

RICOWTHRERMEZM AT, £72. YAG RO FEim LS BERE R DFNMEIZ 52 55 BIT DT
BT,

&

2.8.4.2 BHEARDEAE

BERSR O FTHRMNE & 7 LA OB EAT o7z, FEME L, BERE RO Wi 4 St iE L7z 3
YINEHWTHINER TIT o7, 7 LA OBIERIL, BERGER L 1270°C T 2—10 R O T =— /1
WU X o THEUE L CTIT o720 BERERINEROD 7 LA T, RS T OB 5 7 LA AT Al
R 72 BRENE L. BHZRAF—DERWEERITESZ 5 & 357, A7 =—1ZLo
T 240 DX ITRABEEL > TL B (AbEND) o 7L A v a2 HERL—F B L - T
BIZE L X240 1T & O ITRHARRZ BEE) DRIF-ED ORI 7 LA YA X e AR o L v H

L7z, o

L] v v 'y
A - :

X240 E7=—|ZXoTrRfbEn-71v 1
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2843 RJ)—EE

2TV —IREEDBERAR DFMET G 2 2 BB AT~ Te, FRITITEEA A U fie L TR Y T4 (Ce)
ZER L. 1 mol%e® Ce:YAG ¥yiA% =, Ce OEHREEMIL, Cel3fm DI BOT % ) 4 KT
X TFAICEREN NS, Ce DA AR (114 A [90]) 1 REHET D YDA A 248 (102 A [90])
EVEREVDLLTHD, WhHFE L LU, 87 v 78WEO¥S EITEWE Tlls b, L
T ATV —REIX, BRI T 628 %, 543 %, 492 %D =FEH Th 5, BefEhANT YAG 123 LT
02 Wt%IRM L7z, ¥ 241 [ZAZ UV —%BUH LIAATORIEOE R (EB) & 3 AZICEN B LT
RGO TR (TB) %77,

62.8 %

X241 A7 V=25 LiIAATZRE (BB ERINBA LIZplR (TE)

A DIREDLGE BB —IRICA T U —% 0 LIAATS, 492 %D AT ) —FBUIMET D Z & 7a < KK
DHBIZTH ) —NADBRIN SN TSR T L0 RO S Te RN T&E =, L, A7 U —RE
628 %, 543 % TIEIAT V—{KIENDDTH ) —)VHEIEIZ L > THONBEFH~OFENR 0 | K
T CORR L FBIZ S ) — VBRI E D T &I X DHRRIC 0 LT, 62.8 DRI,
FIGAR D LS Z8Cd > 72,

WU, TNENORIEERZ BAG, BEf L7, 62.8 %, 543 O MIMHIZOWTIE, EEBIZEY bR,
BT )= ARRINEND 2 & TR SNICE A IR, BEfs Lo, BEfZ, # v 7 A7 VR4
VN, BERSIREE © 1750°C, BERSIER] 0 10 W], FHEHE : 100°C/h, IREERE T © BARIRERE T, BEkS
TP : ELZ2ME 10° Pa DRI TIT o 7o, 13 O BERE RO Z I EREORER A K 2421257 7T, ATV
—IREE 543 %, 492 B THEAELE B DITIZARTHER TE 5 L) KT R onier o7z, —FH, I’
JE 62.8 % CHUE L 72 BERE NIZ B CHER CTE 2RED/NS RKIEN S H b - 1203, o 2 LY %
WRITE DT, 728, 500 nm LT DR E 2T Ce A AN KDWY R TH D,

100 ——— T T
< [ 62.Bl°/o
()

: 80 Y
e 54.3 ¢

c 60 - o~

0 [

E 40 [ 49.2 %
ot

[ - |

Eul

200 400 600 800 1000 1200 1400
Wavelength [nm]

X242 B7p5 2TV —JRECRWE LB KROBZBIE AT L
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FRERERDOBT =—1 (1270 C, 2 Kf#]) IZ X TRk SNz LA v o L —F — RS % X
24317 T, WTROY T AE T LA A R 10 mAiETH Y, BT ON ol BIRIC
AL TWA/NERBOA (BRI oL nTnod 7LV ERICEE CTh o7, BEOEBWNATY
— PO ERWET ZERIC, ATV —iRENSDTH ) — VAR LD ELHEE L Y b aE~D=T
Z )= NORNGEEZ G TLHLRE, BIRECEMEDORT U —&2RICH LIAATERIIHERT 5 2
ENTENRE, FICHEEMEOE VIR AR GO S L Bbh 5,

62.8 %

B CHRIETE A8

X243 H7/pHAT ) —RETREVE LB ERD 7 LA v

2.8.4.4 BHEBFIORME

BefEBhAl Si0, 23 YAG £ 7 X v 7 BERE IR OB NI 5 2 2 BEE P~ T-, 22 TH, [AL< 1 mol%
Ce: YAG ¥31& % 7=, Si0, % YAG 125 LT 0.2 wt%. 0.4 wt%#in L CTRAWE U7=BIBAR & wsin L7z
O EFERE LTz, BERESME, LFi2.843H LRI THD, BONIEEMHIROBEIE AT L, X
244 17T XL DIT SIO TIMEITHR <AKIFE L, Si0, 2 02 wWt%D b DA biFimENEm <, #H\T 04
wt% . O Wt%DIET, 0 wt%D b DIXIE & A EB N2 o 7=,

100 —, ——
— - O,
§ 8o [ 02| wi%
° L v
o i
c 60 [
© i
E : ﬂ /
E, 40t ! 0.4 wt%
% L
e 20 ﬁf. V 0 wt%

0 N

400 600 800 1000 1200 1400

Wavelength [nm]

X244 7272 Si0, R TRYE L2 BERHAOFER A~ h L
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BT =— 1 (1270 C2 R I Lo TAMLENZ 7 LA > O L—H —BsEE S 21X 245 1277,
T A YA XL SIO, ORIMESEINT 5 L REL 2D HINED 0 wt%® & X 1% 520 um, 0.2 wt%
D& X1X10-30 um, 04 wt%®D & XL 10—40 um THHo72, B (KFL) OFITITRE B kid
Mmolz, ZORERNBIE, SIO RN K0 A A ARHMREE S LRER, 7 LA v ORRITRE S
720, RALDOWCETIEHES TV RWZ ERGoTz, £, Si0, DUINENE L 725 L imiRRN
K9 2BEH & LTIE, Si0, 2 X 2 EVEFAMbFE & LCHTH L7 ATREMESC, YAG KD ER (1D
W) 7 ERBZHNDD, 7 LA v OBED BITMABIZEYS T 5 L 2R bOIE@R® bt iz,
KA DB DATHEMEREV, 2D OFERN G| Si0, IRINTEIT YAG 2% LT 0.2 wt%FeE 73 24
THHZ Dol

245 B LPEEBRIETEELEE T I v DT LA

2.845 MHEMMADIEZEERL

BRSO L - B am L DS BERS IR DT SEMEIC 5 2 DB 2~ T, EBRIZITERN YAG & 1
mol% Ce:YAG 721 T/ <, T4 /A4 FOEBEDOP T Ce/nb b o & bEENALEICITVA » B Y
BT A (Yb) HEER L, 10 mol% Yb:YAG Db Db e, Ce™, Yb*"DEL L E Y DA hCiE
T DM, YAGIZ R—=7 END A THTLHRED 9 H YO OA A8 (099 A) 1T Y DA A2 PRI
HIE<, Y I L/hEn [90],

ENENDOH T MZONT, Al Y, Yb, Ce DORIBRAGEFHZRIRALLEZREL, Al DZ N
DY (HDNEY & Ce DAFH, £72ITY & Yb D& OZWiEE ClbFEimboT iz
R A BUE LTz, BERESMFIX. 2843HEFLETH D,

BERGARDZIE A7 L OREREF A 2.46 12777, Yb:YAG @ 900—1000 nm OWIIT Yo A A
VR DRI R THhH 5, P OEEIZ, Al OFALJEEL (5] & LIZEO Y OFALEE]REZRL
THY X231 LI HKI OREOM &t S5 & 2.9 23 36.25 mol%. 3.1 23 38.75 mol %272 %,
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WTIOEGAED Y DR 35T 15 Ll SEmEIME L 2p o 7o, TEMEA A1 K DRI A8 T
FEAME 95 72 IR 1200nm TOBEEE X 247 1272y Ui, ffiliz Al 5] LD Y
DEMEELTH D, BIITHRICEDEZRIT/NEL, YORNBINHTND & & bIFBREMEL 72
V. FHZY DZ TH LG A ICHERREOIKR T REE ThH -7,

100 TEARINYAG
T T T T T T
T sof 2.91 |
) 2. 8T
(%]
€ 604 7.76 1
£ 2. 63
40 ]
5 57
ﬁ 20
F 7 36
0 . . . . . .
400 600 800 1000 1200 1400
Wavelength [nm]
100 YbI.YAGI T T T T
Q
g
£ 8
g £
2 5
i e :
= = |-
0 0 I I 1 I 3'.6
400 600 800 1000 1200 1400 400 600 800 1000 1200 1400

Wavelength [nm] Wavelength [nm]

X246 Y:Al DFE /AL 2 CTRVE L7 RN YAG,
10 mol%Yb:YAG. 1 mol%Ce:YAG DOFilm A7 KL

=100 e

— O no-dope YAG
[N ® Yb:YAG

%80-_ DQ A Ce:YAG ]

o i °

¥ 60 [ o a ]

S I .

\é’4o:_ o9 ]
§20:- Az E ]
o- 1 1 1 ! ! !

24 26 28 3 32 34 36 38

AlZ5& LE-BDYD L

X247  Y:Al ODF/NEEZE 2 TEAYE L 72BN YAG,
10 mol%Yb: YAG. 1 mol%Ce:YAG OFH B AT KL

Ce:YAG DY T NmHWT, BT =— V%D 7 LA U ak L—F—BAEE TR L7z, Y Db
12730 (Al DZWGEK) OFfERAK 248 [TRT, TR T LA O A ZITRENRODD Y
DR D I IeD b Y O 30 ORHZITR bR o T2 FEOR (FE ETHRIRL D) K
WDT VAL DEPIEZ T D, —F., YDUN3.1-36 (Y DZWiEE) OAIEXK 249 12737 &
N Y DIUBREL D ET LA DY A RFT/NEL Teole, £z, AIRZWIGAE L ITR D | KL
FICELS AZ D ARHHBHTH L TEBD . Y O 32 TEOENBIIIHIML TWD, SHIZ, YD
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AR 3312722 & A RA DM 7 LA U BIALY DA 3.6 TIXEDOEN L < 72 W RIFITHT L
T B R A D453 LTz,

X248 Al DN EWEERSRD 7 LA v

e (2] MYl

3.0

Data mane : G5 100011 Data sane @ OB 000000

3.3 st 3.6 [

X249 Y O EWEERSAD 7 LA

L —F—BAMEE CEIR SN SRR ORI D 7L A v LRI HN =M ¥ % SEM-EDX Tty
WraiTolc, MAHOHER THIIE, — MR XBREFTEIC X203 Thn 573, YAG & YAP O
EHfTEe— 27 M3 E A ER U ARE = 2R LBERTIREZR 2 & AT A3 E © X el e —2 &L LT
BHTE W =®IZ, Z 2 TiE SEM-EDX Ik~ 7=,

P FNELT, YOHNB28DHD, Y DN 33 DLOEMAVE, K250 12 Y O 28 (Al
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DR EWGE) OREFER, K 25112 Y ON 33 (Y DEBREW) HE0REMREERT, MK
BT, BEOLA EDO IMG X SEM B THY . ZDOMITH 2 AL, Y, Si, Ce TLHEDHHE X BROFRE Sy
fizm L, FREZEBENRY, WEY 7L, wWESIEDOZD, £ 15mm ORI DOHESEZ 33— b
L. IMEEHE20kV, =3I v = &R 10 nA, FREFTER 2X10° A OFMFTHIE LT,

JEFEZ Y LTI 5T, Al DR EWEAIT L — W —BEMEE CRIZE SN KA RO R 5 B
ZDHT VA ST, AL INEL Y VDWW ERBEEIOR SN, £, Al OZWERITIE S B
Ce HMDERIFIZHARDIRNZ L bbb oTc, —J5, Al OB EWEEICBIE S rtimix, &
BB CILR L CRIZE T 2 & #dE 2 RO OESERTH L Z e ghoTe, THR~Y v BT
DOFREFE, FTHIZIZ Y BEL< . AL DN ERbnoTz, £72. Al O 720 3id, Si Mo

TR TE N Lo Tz,

ey 10 pm IMG1

#1

10 pm SIK  +———— 10 pm “Ce L

X250 Al DEREWEAICENTZZ7 LA O SEM-EDX B LB HFE~v 7

CAN

X251 Al DERAEWGAIZENT-ATHY O SEM-EDX HIEIZ LD iE~ v BT
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¥ 250, [X 251 & SEM 18IC [+] TRLZZE Y (#1—3) OEERGT 21T -7z, HERK LY
Al L YDENVEEZEHLAIZ (5] L LT, Y OlEFELLMEEELE 211ITRT, #1123 Y
MNEAEET ALOBRTT VI TR LTS Z ERNbhoTz, E2, #2103, Al & Y OBITIFEHEL
CYAPHHTH Y, #31XSi 2L B THL, BLIULYAMMETHS EBbivd, Zhbo
FER LM 23 1R LTz ALOs-Y,0, RO A 325 & Al DZ W05y (#1) 1, KR ST
L0 OFERTHDN, Y DZWERS (#2, #3) 1THKEIXRR KR Th o7, BT I v 7 Ok
13 1750 CTIT 7225, FHXTIX YAP OHFHIZ 1800 CLAETH Y | BhFl Si 2RI L ChERE+ 28 5
Iy 7 LHERICE D ERTH LI ENTRITE S, £72, 7/ I 1% YAG, YAP, YAM (ZEEX Ce,
Si ZEELIZK WZ ERH LN E ST,

F£212 EESOITHERIVEHINTZ Al L Y OELVEL

#1 #2 #3
Al 5 5 5
Y 0 5.7 15.7

2846 F&OH

1) AZ U —REKFME

REDEWAT Y = OB EREZEYEST 2 L FIMEOEWBERIEI T LN D Z LB bhoTe, IR
FEOERWAZ Y —TIE, A7V —KENbDTH ) — )L K DEIGEENEN O, 2k Dl
SHBIZZH ) =NV ERNSEL LTRSS, ATV —%2AE LIAATZRICHKT 52 & T, SbICE
HMEDEWBERE R E D L b,

2) SiO, M DZh

SIOINZ L > TI LA A ROFIHNTETN, KILOWD E TOMFIIH LNz, K
LEBREL, S DIEEME E < T2 72 DI MO BUYES M O Fl A M EE T b 5 BERSIRE : 1750°C,
BERGIRFR - 10 BERE, FHRIEEE 100 “C/h TlE, SiO, USINEDS YAG IZ4F LT 02 wt%ilifs Che b B ik
DEWEEREAN G DN, ZDEED T LA A XT10~30um TH-o7o,

3) b Eim AR
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(M7 um) LEZ LD Ar @R 2 —2A (Ar-FAB) (2L 2 RT7A v F 2 7E[15,16]1% VT,
IERIN YAG & Nd:YAG O#EERR ATV OFHI 217> 72,

3.2 Yb:YAG 253vY
3.21 IRILX—#4L

Yb:YAG O L —H—kkE U TOREZWERD D —EIIICHW L TE 72 Nd:YAG & ik d 5,
Nd* A 413 Ly, — *Fsp OWIGER(S08 nm) & “Fyy — “1,,, O L —H —ER(1064 nm)iZ L 5 4 HELTH
ThH (M3.1). Z4EOT R F—ENFEE M CREDIRTEW I (ESA: Excited-State Absorption)
IMFAET DT OFHERNIRB TR D, — 7, Yo' A Ao D)L F—YEEIE T, BLERRE °F,, &b
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FHI3FE HTFETHEIRIMYAG BT I v 7 ORUE

IRAE 2F,, DA THERL STV D728 (M 3.1(b). ESA, TXAF—BET v 7ar =g VRN
0 A KRR & OG22 R ITER T 5 2 LN TE D, ENENOEMITITRRIHFT LY
o ERLIZ 4D, v a BN BEIT KD PR, A2 3 SDRIEN A H D . Z ORIERIZ LD L—HF—
EN TS, LaL, IR TIE, W B E\ALNO L — Y — UL & 7o 2 GIEN 3R TIZERIC
SRS SAVIZJRA- D304 Ly Y& A A 13 3 VERL R L RTINS, Z DT DI SR/ DERL Sz <
<, FlLb—F—TFTEMORTFHMED L—F—HOFBRNAELT, FlfE
NELUETFTLTLEY, 201D, BRI L —VF —TFENIZOMM LTV DR % BN~ L
WA 2 Z S D MR H Y | 4 HEN L — P —|Z T, BOGHREENSNETH D,

A (a) Nd:YAG (b) Yb:YAG
22F E
G‘--*w
— Das
20p ‘G‘l"’i an
2 “Grp
Auger type up-conversion
18 p " and excled-alate absorption
‘G, I O
16 —_— ZH”‘2

Yo, e—
14+ 4 4
Fro we—— S

2
& "F;,-,F Haz
g 12F s 11508 cm "'
R Yp S——— 1425 I
e 2y, p— 10 "
~ 104 V2 =T w7
=
&
‘g 808 nm 1064 nm
3k
4 ——
18 hsz j="— =}
941 ' 1030 nm
—_——
4r haz —
2519
A1
4 f]si’
112 e 4338
2 5588
—— ST . _— 8s
o 317 e ¥ m2
ol W s 195 N2 T 858
3 b

] 3.1 Nd:YAG & Yb:YAG O 3 )L —HEN[K [17]

Ll B32 1R/ T R IIC 100K L FICHEIT 2 Z S8 Y | °F, LN O E =L F— Iz B0
THEBOREEN AR U, RIS A R L 72 D, £z, TRAF— LYUITI 4 MG L —
P— LA & 720 BhE SR O, FIFOM BRI TE 5, S 5T, YAG flidh DBRE R TIRE
70K OKIRTIE 103 mW/K TH Y, FBIEFRFOD 13 mW/K (IZHERTIHBES W ET2 202 FE b5
nais-21],

=2 g3
Ehiz
Le—+F—
Bl
EF?'E .
Lassss

X 32 Yb REAMEID XV —UEN SIREIC X D R4 DAL
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3.2.2 IR, FEIehHFE
HIRTO 25 mol%Yb:YAG 7 2 v 7 & 07 mol%Nd:YAG T 2 v 7. BIOHHK (<100K) @
25 mol%Yb:YAG & 7 I v 7 O, FENHEEZ R 3.1 127,

#3.1 Yb:YAG. #H Yb:YAG. Nd:YAG OWLIL, FEHEME [22,23]

25 mol%Yb YAG 0.7 mol%Nd:YAG
=8 <100K =8

e —2i#EE nm 941 941 808

5 UL 1 nm =10 =10 ~1

HEE—THEE nm 1030.5 1029.4 1064

IR nm ~10 1.3 0.45

FHpEEEE  om? 0.22x10-1¢ 1.5%1019 2.8x10%

B Fw ms (1.2) 0.8 0.23

IR TO Yb: YAG OFFE Wi mfEIX 022 X107 em> TH H 23, HENZ L > T15X10P em® 12720 |
Nd: YAG O i Hr A 2.8 X 10" em? & [RIZE1 72 % W A AR RV E— 27 1 E2 B Yb: YAG
DEFREBIZ 9% THY . Nd:YAG D 24%(ZH~T 13 LW T 5, S 61T, FhE R 72
W DR FEFNERE L, BER L —F—RBEN TR TH D, TIUTHEEL T, B4 RIT
Nd:YAG (ZHART1/3~1/4 L/hE< 720 | L= —ENICERB SN 280D 7202, Nd:YAG T
IR E S DL o ARBE T (RCHHEER) BRSNS, 7o, e LThRbid L
X =N Lk, ERBEOAREM 2R LT 5D, UL, BhliEE & 8O E S RO IR Rk
IZDleoTHE>TWAHTED, L= —THEMNLOFRINAREE 25, X3312295K & 77K I
B DI, AT VAR, 295K TIHET 2300 — 27 R TORRIIT 77 K IZHHT 5
ZLILR o TRIBICIEETE 5 Z Lo d, £, FEMHWEEIIE — 27 ET 748 mL, fa
M7 N —T o Z BRI D 2 LD ERRTRLF—5 & LEERHIFF T & 524,

295 K 77 K

N

Fluorescance

-

Absorption

Cross section (x 1072 em?)

1000 1100

Wavelength {nm)

1100 900

1000
Wavelength {rm)

X33 295K & 77K 21T 5 Yb:YAG DI, HE AR kv

AT FMUVIEIZBE L TH, Yb: YAG DE AT R UiE 10 nm FREE & IR\ 2O 7 ps ORIV
AHOFAE - HEA FRETH D, —J7. 941 nm OWIHHTMENT Ko TE ML 22253, b A g
KL —4— (InGaAs : 940nm) DFEIRAXT MVIEOMERZ, HE, HIIT—7licksEEDY
7 MZHARTHITIRNRIL AR MUVIEERFO720, IR LSBT 52 N TE %, Yb:YAG O
HOEFM IR TIE OB FRINE NS =D BT OFEMIT12ms &K< 2525, wEITS
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Z LT o TARRDFHMm 08 ms 12725 05[19], Nd:YAG IZHART 3 ERERWCOIZ=RLX —EE
DETHERTHY . EHI ULV ZHEIEICE > TR L 2 5,

Z O, Yb:YAG 586 TiE YO (1.02A) LR D YAG O YHDA A8 (099A) 237z
IZ[26], YO A AU &2 @REICHRMU TS, REMEEZ Y #, 207D, @IRERINS ATRE T
VRO 3 T MUIZ D7D D,

3.2.3 10 mol%Yb:YAG 253y D ELE

Yb** R —7"B% 10 mol% D Yb:YAG ¥ 7 2 v 7 ORUWEEIT o7, 2 BTl 7B X - THIBR
REGR LTz, £3. YO A AU AP, YL IR U pH fEIK CHIKET 008 5 E DD H T8
(2. YO A A OIS pH B 2 HE L=, TOFERZK 34127 T, YOI A A4 2 ORI pH E
X YDA A oEn (M 217) LiFEAEELI AP YHEGKERIZEIN UK 53 A3 FTRE T
HDHTEDRMERTET,

S — 38
{36
{34
132
{30

[9.]

a {28

pH
w »d OO O N 0 ©
.. —

. . s . - . . 26
05 0 05 1 15 2 25 3 35
NHHCOEM® [mi]

34 Yb*A A DK pH HhHR

AP YHEAKESIRIAL B E I T YD IR EEDY YT LT 10 mol%lZ 72 5 K 9 WZilRin L7,
25 ¢ D Yb:YAG B3ERNGOND L 51T, &A1 A4 &N 035 mol/d DIATR%E Ml L7z, JLEBhA
((HN,),SO,)i%. 0.7mol/ g * YAG OFEIA T A 72, 2.5 mol/0DPEEH| NHHCO, /KIFK %2 5 me/min 03H
JECEIRD pHEN 6212725 F T (480me) i F L. 3 HRRH L=, T OO 35 ClzHilE
LTco ZO%, IEOKENEITWVEEE, —RBER 21T o 70, —BERIZ. 1200 °CC 2 KM, AR
F£ 100 ‘C/h TIT 272, 15 ALz YAG BHED X/ N2 — 0 2% 3.5 1R 3, EREHT /S Z — 03,
@ C/r L7z YAG FidbDEIPT/$# — 271 —FH L7223, v TR LUEMEICIE, FAFERTHD YAM

(Y,ALO,) DOEHTE —7 281359 TldH 2 358D Hiviz, X235 12 Lz K 912 YAM 1455 e 23
HEDITHET L DO THEFERLEO AL THE L2 O TR0,

2510* -
e YAG
210' [ . v YAM
31.510‘
z
?s 110°
£ $
5000 |- . o o ® s
L d
-
OF Jl: v b
20 30 a0 50 60 70

28 [degree]

35 10 mol%Yb:YAG ¥k X #rlalfr/ 4 —
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Boh YAGKEZHWT AT U —&8E L7, YAG A & YAG B IZ%f LT 2.0 wt% D 53 #iAl
02whDarA LN Y o ) =)V LT, ATV —IREIXEFE 167 whlZii Lz,
ZLTC BT =y FINVEHNWTAT U —OREMBHLE 21T 572, 150 MPa T 20 [RILEL A 1T -
721 ORIy Bk BE D L — —[aldr /Bl SR A Bt &2 O T2 E RS & X 3.6 1R,

35 100

—>

28 | 180
= L Bl
s2f Ll leo &
= 3
# .

14 - 40
® —
=

7L 120

0 . . . 0

0.01 0.1 1 10 100

HWFE [ pm]
36 Y= b ILE OB R AL OS5

BEEMEE IR 21T > - A T U —Z[EIERSY 533 WhIZIEME L, A v 4 — L IR — LIz AR
[BlH%L 75 rppm C 1 BAWEE U 7=, AUERt:, AL 2T 72 2 T U —Z2 A B O L2\ - 2 A8
LiAZr 3 H[EIFRE UTo, T 20 B A U 7o OB A AR ALEE U 7o 1% BERE 217 - 72, BFRS1E 500 °C
T 10 B (FHREEEE 100 C/h) . BERESIEIX 1750 °C. 40 WFfH (FHEEE 100 “C/h) 278 10° Pa T
oo, BEAEROEREZX 37 1077, BEEIEEIR, @EZE N TTOLERDH DD, YO A YO Il
BEML, BODRREAIZERL TV,

refra
% 5 g
10 a
'O Sl

fl—\ 97
X 37 HEZEREREIZ XK - TH 54072 10 mol%Yb: YAG

sign

3.2.4 Yb A7 D £ il i

AWFFEZ BT D YAG £ T X v 7 OFEfElE, &ild, mEZETIT 9, BIEWTH S YAG TIHETRISG
MY | FEENICEER XM EZ AT, BRBRXBITRINICETHD Y A A Dz, 37005 3
i35 2 Mi~DELTTF ¥ —INT U A% L %, YOI 38 IR K 51T 45d WLE ISR E L 7= %
VRN B FEOT2 0, K 39 DOFBBALT VTR LIS &5 IR 7 1 — R 2RI & FEo,
Flo, AT MUIZIE YD ORI S o b7-0, 2TO Yb A AN 2L TLE-T=biS
TiE7e<, YO e YO"ORIERIETH D Z 13 mnnd, YO e YO RIET H L, K38 ITRT L9
(2 2 D FHEDIRAE YO 22 5 1 O IR AE YO IZ Rl * /L ¥ —F &) (Cooperative energy transfer)
MBI DT, YOrOFRWEADE Z 5[29], D7D, Yo & YO IR THENH 5.

-61 -



H
w
i

Zi THEICHERI YAG 5 2 v 7 OfYE

100 LR E P | I 1 1 I T
g ao:_
o [
g 4f°5d % 6o |
et £ |
B e - a0 [
F, § .
(‘ -
h I: 20 |-
y A (41" o
Yo+ yb* Yb* 200 400 600 800 1000 1200 1400
Wavelength [nm]
38 YbT& YbUH O F ) 39 YOHAVAE U7 Yb:YAG DBl A LY F L

YoM A R iciE. KARPTOBRT =— LZ LV EMbT 5 Z e BRI TH %, BT =—
NDRHIRIT, BE ERFRIOBETH D Z LITEHIC TR TE 228, LZELL EIZHIE (1450°C) 1295
&L M 3 MR © TRRAIZITAR 2 BBHMDET Lic, 27 =— LV BRICEREMET L2k Z 2
> 7 DFBWART SV EIK 310 1273, MR OKEADRUIET =—/LATOFZ#E AT v (1X39)
TH Y., AT E 1100nm TOBBELZFLEL LT YD RENGEOFEBB AT MLz THILED
DTHD, Yb:YAG Ti, ffizkss 3 Miic A, 800 nm LA T D BAEIIIZINT /e < | X 3.10 (2A
FC/R LT K 912 800 nm BAF TEAMLINGG DFEEEZ 51T 2 400 nm 80D £ T, 7 =— Lo
Yb:YAG O E: 1100 nm PL EOFERRIZE LWET TS, Lo, KE () TRLEX S ICHEEFE
23 T~8%IK T L7z,

100 ———

80 |

Transmittance [%]

— 77 ==L

0 : o | Il L L 1 1

200 400 600 800 1000 1200 1400
Wavelength [nm]

X 3.10 A7 =—MZXoTHEEEDMET L

Yb:YAG £ T X v 7 DFWMAT [ L

BT =— VLo CHEREMET LIZERITRET THL2R, 7 I v 7 0@Eas T2 2 &72<
Yb A A2 Otk 3 MR T 0IiE, AT =— L ORESMEE SR D LEN S D,

FERIX, K37 IR LTIy 7 ERUEry NTRYE, B Snc o 72 RAHF TR 32 1R
TR, BEOMAEDETT ==L L, WA MV EZJET S L & HIZ 941 nm G &> T
#2 L 72 1030 nm (2 331F a0 G 2w o egs 2 W CHIE L7z, 27 =— W2 OFEA X 3.11 1R
T BT =— L3R+ (1250°C, 20 FffH]) ThHho &, T I v 7 OFRITEREADH Y . B
TH YOS 2 Ll &7z,
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#32 BT =—&M

B [h]
10 | 20 | 30
B | 1250 #1 | #2
[l M350 #3 | #4
1400 | #5 | #6
1450 | #7

K311 S&UORLLIAT =—N#HEOETI v

4 312 ITWIN AR "IV DET =— VR BEARFENE & BT = — VIR R E 2 7 7 IR 7 bV
AT 5 mm D~ A7 ZF T, PP NVORRESZRE Lz, BT =— WMRENE R D1E
ELFEBTY == VRN EL 2513 E . YO OWIAE - TV, YO EORE L LT Yb DRI
B — 7 %K 620 nm TOWIEEZE | FBINMEORE L LT Yb: YAG OFRIERE TH 5 1030 nm TOW
&2 ZNENIERI YAG DfE & DZEZRIIICELD TORLIE, BT NVDORERIFE, £2T25mm T
b, £z, 1030 nm (2B D ELRE S —HE IR LT,

1 —— 5 R | [P Anneal 7z L
! ' ! — 1250 F [ 1 &' | S e
—1350%853;3 % i ; —}%ggggg Fq g%
08 [ —— {400°C20BEFS #6 08 [ Y
— nYAG i
[} (4] |
2 o6 & 2 osl &
€ os6f ] € osf ]
2 2 -
© o4 ] © o04[ ]
| 2 ;
< < [
02 [ ] 02 [ ]
0 1 L L 1 L L 0 [
200 400 600 800 1000 1200 1400 200 400 600 800 1000 1200 1400
Wavelength [nm] Wavelength [nm]
X312 BT =— LRI K DI AT L DAL
(Fe  RPBERATME, A REEMRA TN
#33 BT =— VR K DI & g iR D 2L
Anneal | 1250°C | 1250°C | 1350°C | 1350°C | 1400°C | 1400°C | 1450°C
L 2085R0 | J08%RA | 200500 | J08%RA | 108%RA | 208500 | 1085A0
# #2 #3 4 ] #6 #7
FERMNYAGE D 1030 0.082 | 0.078 | 0.075 | 0.080 | 0.087 | 0.080 | 0.087 0.085
WA 2620 3.27 | 0.398 | 0.014 | ©0 | 0.007 | 0.101 | 0.006 | 0.004
WAL 1030nm @941nm  [a. u.] 2.1 19.2 21.0 22.0 20.2 20.4 20.5 20,0

33 KV, 1350°CTlE, 20 KEfEIT 620nm OWINIIFA EHES | 1030 nm OWIN HIEINL T 577,

F - AOEIRE I FELOBETY = — Lo Ty Qu»%%#:&ﬁﬁﬁ%m:nmﬁbe%m:
TU 30 BREEALEE L C % 620 nm DRI D | a%%f% CELR Mo, Ll BT =—
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JARENET VTR W E W D DT TidZe <, 1350C DA 30 FEIZ T2 & 620 nm ORI IF2 b
7257273, 1030 nm ORI L, Zh & & HITHOEHEITT< o7, S HITRE A 1T T 1400C
LDl BT =— LERIAE < 22 51290 T 620 nm OWLULIESA EHEL 225 73, 1030 nm DYWL 731
2. gL LC 10 RefH, 20 RefIW 3700 S a0biR T 20 FRE Td o 72, 1450°C b [AIERIC YO IZHE A3
B OB IITNEAITH D H OO, 1030 nm DL & 8 EsRE 1L BAFTldew, fime LT, 2
272572 Yb A A2 % 3SR TET =— L%, 1350°C, 20 R i Stk T 5, = Ol S
I, BT v OREES, YoA AL OFMEICE > TETHETFHIESND 0, A%EROICEL
THE L T LERH D,

3.2.5 10 mol%Yb:YAG (431454

1350°C, 20 B[] CEAT =—/ L L 72 10 mol%Yb:YAG & 7 2 v 7 ORI TONFREZ T, BT
=— R DGE L FHE AT ML EZNENK 313 X314 (277, K314 B 5 R K 912,
BT EED Z L7 YO % YOHIZEET 5 2 LlTash LTz,

100 —— . ——
: . 2 w0 :
sign refractive inde; g | A
garMets uade s °F | ]
10 D‘C 1 Whe E a0 [ '\l/
: el c | V
th 1anl can 0 : " } . .

200 400 600 800 1000 1200 1400

< 3.13 BT =—nu] (&) &% (h) Wavelength [nm]

DYb:YAGET I v/
104 mm® X 2.2 mm' 3.4 AT =— LHit DO YD YAGET I v I D
T AT KL
A2, 941 nm Yo ThbE L7234 OE A7 hb & 1030 nm @Ol A7 kL% Yb: YAG i
(Scientific Materials Corp.: ¢ 10.0 X 23 mm) & kit L CK 3.15 1ZR-7, ®wIEART L &b A~
7 MVTHREREET I v 7 TIEELS —|LTEBY, BArb AR AERDoTc, ZOEBT Iy
7 ERITTK B A LRIEEBREIT-o72 8 2 A, L—V—ENMEORERN T 7=,

120 — T —— Excitation spectrum 120 itati
Ceramic Crystal Excitation spectrum
100 | 100 |-
3 8ol S sof
S S,
= e0f 2 eo0f
7] ‘®
5 5
E 40 E 40 |
20 | 20 | J
vy y
0 L L L L o L L I 1
800 850 900 950 1000 1050 1100 800 850 900 950 1000 1050 1100
Wavelength [nm] Wavelength [nm]

X315 Yb:YAGETIvZ () & Yb:YAG e () OHOE « il A~=27 kL
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3.26 SEREER—7YbYAGtI3IvH Dt
323 HITRLEESMET Yo R—7872 20 mol%® Yb:YAG BT I v 7 #8ELT-, o= 5
mol%. 10 mol% DL DO HLENELT-, ozt T I v 7 DEEAK3.16 12577,

316 Yb:YAGET I v/
BT = — LRIt & HITEND 5mol%. 10 mol%. 20 mol%

BUEL 72T I v 7 HIZ Yo A AV BFTEORET R—7 I TWD a7, Yb:YAG % &/t
OYPRAGE TR Y TR (RIE 850 %LA L F U btk stt) ([T L. ICP LT E T Y A«
Fr& Yo A A DEREEHIE LT,

ICP R OFERLD , BT I v 7 DY A 4N T D Yb A AL DOFMRELZ KD, MEH
ARSI LY £ k2 Yo A A DFNVEEH, TH S 5 mol%, 10 mol%. 20 mol% &
Hedg U, mEfRE A R Tz, mEREIE. LLTOX S ITERK L,

SEREL = BT 2 v 7o Yo BAEEL S SRTHER O Yb TV E
ICP AT OFUEIRTALERSR: . JIERE R, DR E AR AL 34 1T LD TURT, TR
EOLAES., MEFREOXVIE1 L T THY ., ARFHIFHEE L2 Yb A 4 1%, ARFFO i <05

FEHORAFELR LR TRTET I v 7 I F=T SN L HWETE %,

# 34 ICP IO OREIRTAABESAE, BT R & RHIT IR I D5 ik R

HUTIVERE | BoEd | ICPRERR TILBERSE Yb
mg/10 méH,PO, ppm mol PERY
Y | v ¥ Yb
5 mol% 353 200°C 24h | 5834 | 0.604 | 00656 | 0.00349 | 10098
10 molts 338 200°C 24h | 5571 | 1.204 | 0.0621 | 0.00696 | 10083
20 mol% 34.4 200°C 24h | 5798 | 2.846 | 00652 | 0.01645 | 10069

KIZ,20 mol%Yb: YAG (22T CKIR N TOD Yb A A DIF#T DA% SEM-EDX (2 & - TR~ 7=,
WINTEEE ORHTIZ. Ce: YAG TITRI T Ce A AV MR T D &9 ENH 5[30], JIEH > 7 i,
WEMIEDOD, K 15mm OEITPtAa— kL, JHEE22kV, =3I v g V&l 10 mA, U
L 3X10° A DFEMETHIE Lz, £72. Yb OFME X BEOFRHIEI Ma (1521keV) THDH Al A
Fr OB Ka (1486 keV) & DOFEENARATREZR 728, Yb X Laft (7414 keV) ZHWTHHTL
T2o Yb i~ » B T ORER A K 317 (R T RN — 7205040 2 s 3858531372 < L Yb A A 213,20 mol%
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EERETHSTHE I L TNDZ ERbhoT,
HE DS FRREIZE LT X RO FEAEDYE S % Castaing D 3.1) THRET LIz, XBROFEAEDEES Z, [ 1
mliI5 2 6D,
z =003%E$-¢Qﬂli 3.1)
m pZ
Ec I3ICE DR X MAERAET 27O EREREEL [kV]. E) LB FOMEELE [kV], A IX
PERTR, Z 1R TES, ol FHBE [gem’| 2R, Z, 38 X2 20um AL L, X
BRREAEDIENY BIFERE TR A X330 umBEH L0, DRI THDHEEZBND,

30 Ilm .J.’.i 4 - S .-3 Ilm D

X 3.17 20 mol%Yb:YAG KiFtN D SEM-EDX IZ L5 Yb i~ vy B 7

3.3 Nd:YAG LRI YAG DEEEIIVY
3.3.1 AFMHDES R

W T ARLHE TR EONFMEIOBEA X, IEREV AT T o hva s Z 7 MEIZE > TIThilTE
7213 14], A7 T 4 a2 7 MER, FEM ORENE S fvcmF 4, #5555 O BRI
SPTHEBIIES L THEAT D HIETH 5, NEBICAHET 20 T3 0 O+ L BIEWEE L TND A,
R S i L4y 1i%, Fifi BIC5IE 2 DBMER L T ZRW e dIs w1z /2 5, &M bsh
TERENAAET D20 FH AW a2 7 b5 8, REOGFITHEFERNMEE NEO S FO X 51
T LIDRRBIZ 2D, A7 T 4 hvar gy NEE, BEERISOBKE N ST, 5ERINE
i L2 WERAMNER R OFRIMI SR 2 B -0 L— Y — 2RI 2 0k e L IR R s h
TWb, LnL, BRREROSFRIIICEVEEGINTWA T, REICIXRANH D W), 24
BINIDIIND 2 EHBET D580 D, DT, BN 00D @it ) b— P — K7 &~
TR TH 5,

FTT 4 v a B MEIZBT HTREICKT D MBEE R 5 515 L U CEBEEAIEDN I S
72[31-33], ZOEHHESGETIE, B LSS ERER LA IR CEAGOE T, AR L iR 72
FEAICT D, REDOIEMALOFIEIZIT, LTI X > TREEZBKILT D2 HERCA T E— L7
TASRENZLDAN Yy Ty F U TIZ Ko TREDREF OIS FLIEMH LS E2EDRH DH, S
(silicon), GaAs (gallium arsenide), InP (indium phosphide) 7 & Y- K[EFEFS L ONZ 41 S A0 A D BFE#4
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Bh Hihdaie b, . £REMEHES L LTIeR, /T 7 7 2AFOEEMTbIL TV D,

3.3.2 BX7FED YAG 53 v ST

WESNTWD YAG ©T 2 v 7 OBEAIE[34-39], K& /0T HEX3I8IT/RT 20 THDH, R
15 IR, WFRVE CTRUE L 7o BERS R 2 9k © B R BERS 9~ 5 TIE TH 5 [34], HW 2 BERIAIT 1400 CTH
Zefes LA GRS BE DS BRER S E D 85—90 %D & T, #AH A4 A/10 (2=633 nm) Vi CHFEE Lik
VEDED, 0%, BEOET Iy 7B &R USRETRR T 5, #EEOR 23 ME L - bs
AT, BFEORKIRILEESIC L2 b0 L i L T2 OEEMEITE < . BAIZ X D FFEDS
Bid7evy, F7o, BERSBEAEED A 4 AEHIE, NdYAG &N YAG O#A® T 2 v 7 Tk, Nd*
A DRI YAG ~OYLEBEHEE 177 um TH Y | BRESH OYLHEE G & Hlt U TR 5 f5 D IR
FREfE 2 & 5 2 &N EE I TV 5 [34],

—Ji, BUE 21, EEICE D20 R Yy MR TH Y | 5 OHIEN DIV UL LD TH S
Bﬂo:VﬁyyF#éﬁﬂ%%%%h%h::~byfvx%TMEmﬁb D ZEHRTHH
HOKIENEZEE (CIP) THEMIET 5, TO®%IE, BHEOET I v 7 il & R UEE TR T 5,
:@ﬁ%fﬁg%E@iﬁéMmmG%%EE@Tmmﬁw&w@k%ﬁﬁﬁﬁm%oﬁtf7:y
7 DEUYERITON TN S,

A k2
YAGHISRE DB YAGHRBILHORE
Wet chemical ($£74i%) Y,0,, AL,O,, R,0; (R: #%THE)
v v
YAGHADBER 1200°C BE.EM
200 nm 50~ 150 um
AROyME
ARk
A
5 TLRRR A
Z)I;ﬁ:?” 10 MPa
140 MPa (CIP) #WE B
LR 10 MPa
v " v
[ aAvRSyME BB l
600 °C 5 B A 600°C 1 B o
RN A || A2HE BHE
140°C 1400°C, 140 MPa (CIP)
[ '] l
RYSHEmMERE
M 10 (A= 633 nm) B
e 1
v BYADHE J.
AR AR AR
1700 °C 10 ~ 20 B HEHE 1750 °C 20 B§R 1750 °C 20 B5RA
107 torkAF 1700 °C 10 B5M 1.3x10~ torr 1.3x10~ torr

X318 BEFED YAG ® T 3 v 7 OFEHIE

3.3.3 ArERFEFE—LBHEEESEICLSEIIVY YAG EEEER

3.3.3.1 ArERFEFE—LBHEEES

AAFFETIX, BEE R TOA A ALEEEREE 2 SRR Z2 BAYIZIS U CH BIZHET 5720, FF
LAV TS T HEEEAE L B EadEs (K 3.18 - 8% 1) A b FEERE Lz, B
BFTHH T AL LT, BERENET Lt T2 v 7 2 ERTHIERMRIEE TMEG L3t 53 v
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BERERF & R EiR CAVLE T 2 515 L. BERESTE T L CWARWEERSIAZ R TR T X v 7 BEfbr &
A CER TR T 2 HIEZRFT LTS, Z 2Tk, BiEDOHIETELN M EE2 7T,
BEARTOREIEEBRRICArE#H AT — 24 (Ar-FAB) (252 K74 = v F o 7 k% U 2[15,16],
[X3.19IZAr-FABR SIS & (77 = X T3S OfER %2R~

Down

3

Load lock
chamber

Ar-ion beam L

3.19 Ar-FAB [RSEEE DO REEX

B72 (13X10° Torr) F¥ o/ N\—RNIZEET L7 V% ETICEE L, 21T Ar-FAB % FUT
T 5, MR, EEICEE L2y a2 T L TROY v ar g2y N5, BEIDLE, I
BENT D Z EDHRDIEEIC > TVD, BEZEHTO Z O FETIE, #6 H OY B | Ar-FAB
PRI SR, 3R BB OBBULELLA: OFFEIC X - THEA MR LB R T DA A LBk O IR AE % i
HTEHLEEZILND,

ABRIZIEBERE 2358 T L72 1.0 mol%Nd:YAG £ 7 X v 7 (ME L FHEASHER) LRI YAG £ 5
v (ME RS & 38 (A,B,C) i L7z, WTho$ 70 s A4 XIXEA 17.6 mm,
JEX 35 mm OF ¢ A7 JRAR THA TGN ENTEE . SO I IB NS mEE Lz, o 7 s
O S I mNE T e (Zygo #1: GPI™MLC) THHAIL., REOE S S IXRmH S§ (Zygo £
NewView™5000) Tt L7z, ZNHOREREZR 351”7, HEKRIE 633 nm Th D,

#35 BEAmEOKEREE FEH S

FRMYAG Nd:YAG FinE
RSHE® WIS | RELER EIES
PVii [Wave] | PVi [A] | PViE [Wave] | PViE [A]
A 0.064 295 0.078 29.9 IR/—LTHhS
B 0.112 25.0 0.115 15.4 IA/—LTHS
c 0.142 275 0.152 22.6 I8/—LTHkS

Ar-FAB WU, 2027 MO, mBVHESML, BEEORERENESICE 2 2%
RAHDICETHECIZ LT, IEEE 1kV TRAELE A 4 E—A% SR LIz0h, HET
¥ U N—=NTO00TMPa DINETS sy MLz, 0%, FryoN"—Xhar 27 MLz
VAR H L S 2% U S kgfem Tl L72RRE T, 1100 “CI2 T 5 REREEZE 1 (BEZEEE 2 X 107 Pa)
TEHE LT, ALY 7 VOEERK 320 12787, WINOY 270 AR ClxdlEEd 5
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LI, =a— b U TR LB SN oo KRERIEREME S 72 Sid v & Bbn
Do 21200 A DY T IVOEREITHR LI BN TS 1B THTUAA TZHHEIR O R Cdb 5,

A B

X320 #A LV ILDER

3.3.3.2 #HEY T ILOFH
(a) BBARINILEBIE

AV U TN OBEALY SARIEREREZX 321 13T, Y7 VO RERER 5 mm OEy A
E LT, 72, ZRICESGRIO Nd:YAG & IR YAG OF iR A7 VbR, o7 CldEEs
AT Nd:YAG, RN YAG ([ZH, RERBICE WD TEEREMELS | HERICRD1Z EFZEE DK
TOREIIRE N7z, V70 A BlE, RIERBTIE N:YAG, BRI YAG & R%EOHHEL
FFOM3, 700 nm DL F CIEER ERIZITIZE . FREOR T OREIIRE o7z, FFIZ 350 nm LT
DIERTIEE LoTz, 7L COBBRME» - ZRRIT, BEAmICRMOEEnTWbaY 7
VA XD BEEMENZ & L0 EAEICEER S 5O TR < BULE /2 E o TRmRRES M
DY TNEVELS hollebbEX b5, HEEMTOBZBREORTIX, #EM E COMEL L
NWEFRLTWD EEbILs,

100 — LI L B L AL BN LI BN B
X80 ‘ =
8 i
c 60| A
m |
b= i

40 [ i
% : —_Nd:YAG
c i — EINYAG
© 20| —A ]
=7 —

0 [ L L L L L L
200 400 600 800 1000 1200 1400
Wavelength [nm]

321 A5V T ILDOFBEANT ML
(b) FEdEEmEETA
BEAEY TN OTHE (Zygoth:GPI™LC) %ﬁlz\fzﬁ‘%ﬁﬁﬁﬂﬁﬂ@%%%2@3.60Cﬂ—ﬁ‘0 HIER R

633nmTdh 5, HEY L FIILOHMEIL, FFEROH S B, MEEENEORE—ME, #BEAICK
STHEUEELDIDENAT LD, #ERICL > TAEUERBLOBEZ N T-OIZIT. [ES DR 5
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YINOFEEPEEFHN AT O e A RA L2 T e b, LovL, ZORRERLRY | B
aKiofﬂwmﬁ%E#K%MLkwm#ijcmﬁf\m®#V7wM@m%§mﬁW®Em
Tholttlbihd,

#36 AT NOFEIEN A

AR [Wave] EaRk
EMYAG | NAYAG [Wave]

Al o126 0.109 0.233
B 0.111 0.109 0.195
c 0.110 0.224 0.391

(c) BRELEHA

Yak—L A €S T 7 14— (OTC: Optical Coherence Tomography) % F\ > THEA FiE OEELDOFF
W4T > 7=, OCT IREEEOEAZ IR E LKa b — L o 2 TR L eWig sl cdh v . IR
Bl7p PERSEH CTHWONDS Z E 3% \[40,41], JIZEIZIE Thorlab £1 SS-OCT % FV 7=,

PIERE SR 2K 3.22 1273, o 70 A AR OIR NI L o TH i OBARRERLo Yo 7L L
RI2 D72, FTORS & D VIFTHELS TR | FHIRENR Role, Y7V B & ClEEHLD
TR 199 < i CORGELIZD 72 e TRISN DB & C T 5 & B 3L D T 255 <
FEER, FEEEOREE L L, V7B OESIREN KD BV EHWTX 5, OCT 2L 5%
ELEHANZ Ko T3 2DY U TV OHIT A RETh - 723, ZETmOREREEN 585 um THY | b

IV URBEDOE WA T D2 EREE L,

ZItE A M
1 mm
<4+——r
XEEAM
6 mm

X322 Jtab—L 2R RNETT T 0 —IZKD8EE T mOBELGHHIRE &

L—HF— hEZ T 7 4 —Mitsui:MO-42)TIEFHGELIZ & o THESR T D~ A 27 7 K 2 FEREEE THedx
TLHEO—>THY , WERNIHEE 04 um LT T, OCT D 10 f5LL DIy fERE 2 FF-O[15, 16],

L—W— b ET T 7 =& W T e b R OBELN Do 7o 70 B OBGELEHIITT - 72,
Yo TS EICH L CREICT y ML, Iy bEAE A (633nm) ML TOHEENEL L, L—F
—HEEAEICEEICAS L, #FEL7Z0 v ME S OHGELEE . CCD 1 A 7 %38 L CORHHMeE <
B LT, BN NEY T 7 40— %K 323 IZ-T, OCT (T~ CTHEG S COREL A B RIZ 8]
L3N, BELIFEAHEIZH > TR TR, Z v Ay OYEE YA X0 b7 5880~ H OHGEL
zwm%vdmﬁﬂ%§®mgﬁﬁ%a%Tﬁ%“ﬁﬁ®t%ﬁﬁ®ﬁ%ﬁﬁﬁiA%®%%T%5
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A
v

200 um
X323 L—H¥—hrEST7 4 —ICLDEEREBITDHELOBIE

(d) EESEROHRHR

BEAERmOREBELEFEMEIEZ O TBIE L, 867V B A#AmEIC L TEEICT Y P L
TebD%E 2 OWE L, By MEAEZ A (A=633nm) LLFOREE CEmEIE L7-, —Hik, MHEmECEE
PR & L TR A 7S ULITEERTEOBIZEZITV, 71X, 1270°CT 10 KB =— L L72tk, A& %
KA LRROBEEIT> T2, TNENOMREEX 324 18T, AT =— )VALERIZ X » CThIR 2B 7=
H2RWIEEIELL 10,000 {5 O @GR TREE L CHRIAIC & O ISR FUTRRR] T E RWE EIC B AR 24
iR & 72 o TV AHD, AT HRITE, ZOEIE 1—-2nm FEETH 7o, RIICE L Tk, 5ER
A SERIREM TIER VD, AWIZHFANCEE L TEH LTIV holz, 07, MmERES
IZIEE STV e PRITE S, £/, 7 LA OB T, BER L AWM Nd: YAG TN YAG
W, T LA A XD RENZ ERbooTo, REBBEOBULBSEEIC L - T, #amic
B DR ORRF DL LG RE . HELOFHBREREZ RWET Z L35 HoRETHY | R TV
VA VRERNET AL, LA VYA XOENN ED X D ITEET D O I BRGE

NONE SEI 10.0kV  X10,000 [t m WD 8.1mm NON S 8.0kV  X14,000 Tum WD 8.2mm

X324 FEBEMERIC X A R imo8iE
(fe - WHEED I, £ WHEEZIZEN =—) v LT Fm)

(e) BERATOAAULER

BRI T N A A DRI YAG ~OILBEE A, 74—V F=I vy a v B v —7~
A 7 a7 FZ 4 Y (FE-EPMA) Z W\ C 0T E— RIZ L 0 #5805k L CHRELF MIZHIE L7,
HIEC 2288, JXA-8500F (A AREF#Rath) ., IEERE 15 kv, BEER 2.0X107A, 7
2 — 7% 40 nm, HIEMIE 40 nm T, Nd A 4> D L ROME 204G LIF (7 vtV F 7 L) %
FWTHIE L7z, #ERIERM 325 127" T 8912, 5 pm BEOIEMEEREZ RS L WO RREI GO,
Ta =T340 nm TH L1, X G.DTEHEZLND X BOFBAEDIRERS ZBEICANLD & oirEiElx
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BRZOBum &AL HIL, ZOMEABE L THIBEBIIIZES um THLEEZOBND, 7L
AT A XRS5 pm BLETHRROHAERAL RV, NdA A DLBREAIZL >TSS pmitdL
7o

X 3.18 OHE 1 (BEE THEE) DA DOHRBANC L D &, 100 m 124725 T Nd 2MEfK LT
% (B1326) . ZOXEKCTIXTIEZRTBHME L —F— 7 ~ U ot2E B 4 -V CTA A U Ria 51 L
TWDA, ZHUCHERT 2 L AR OBA BT D IEHIEREIIER I . RO R CTH D, B
FETRE 2 EIPRL R 23 e & JEHUEREI L N D & B 2 B D28, & OFEGE & JEELERRE O HIE o AT HE
PEIZ A% OMFERRE & L2y,

P AR sE
€ 100 | “~ 5um iﬁ%ﬁgﬁ
= 4 um >
8 ~§ 1.0
> £ 08
) g0
g 50 £ 06
= ~
i § 04
S z02
= =
0 ' . , S 0 20 a0 60 80 100
0 10 20 30 4 Position, i
Scan length [um]
325 FE-EPMA 1T X % Nd A 74 > Ol i 5 4326 fhes THA LTGEO
JLBOERT [34]
3.3 F£&H

10 mol%Yb:YAG &7 X v 7 8 UE L, ZTDHICART b, Bl A7 FVHHLES & 22 0 3
RNZ EEHENDT, Flo, U —RIRFER ATV L — B EA R LTz,

BEAEREIZ 2 fiIC72 > 72 Yb A AU BT =— )L C 3 MR T RIS, IREOKEINEETHY | &
WHEETTHZLDRNE T HITIF 1350°C, 20 REMARESCTHH Z L 2 W2 Lz,

D TERIRED Yb R—T7NRRETH 50225721220 mol%®D Yb:YAG & 7 X v 7 ZHUEL |
BUERFCINSINL 7 YDA A RERE T I v 7N R—7 SN T0nbHZ eI I v 7 NTYbA A
DIRHTR 7202 & ZRER L=,

TR D Nd: YAG & EIRIN YAG OB RER 21T - 7=, B4 K ORI Ar @l i1 E— L MG
EEHWe, BEROYEENBWIEESRENR L, 0044 (1= 633 nm) OREIRIEDZEDHE
BIRBEITE B E 52 5 Z Lo 70 Nd A A2 OIEREL 5 un AT TH Y | hOBEHNH A~
RN &b aoT, A%IIE, Ar @R E— LARS CBWBRE A2 T A—2 L L TRRE
HR, BT Iv 7T A N DLWIIRUCE T A4 A IEROWEEZ B 532 U, [RIRFZ Y
BHEEORB LITo TV FETH 5.
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BATE HHL—F—HEOLT < v 2 BIKIC L BB
BAE FRL—Y—MHEOEIIVIPMAIZ I D4 EETE

4.1 [FLBIC

FHMEE T I v 7 OBLERTRIL, 2 B TR L I ITHMEMM RO GG AE, TR, BEfs &%
HMEET Iy 7 EB{GLETICEHOBBELRDLUNENH D, EORKIBRIZIN T, MEHIRA 72 8UE
FEDFET D, £ LT AUARA MIBFCOIEMEILREZ L 2 220 Chali R BUERUENE D 2896
P2 MBI CRAFR ANV R ZRDIITRVBABHIMALETH 2, £, JEFHETIE.
BEDORMAPREEEZ D ZERHD . AP OBRNITHOLOTEZL ) LERHDH, RipdHsk
IS IR OM B2 B BT 2560 SAROIZR T 2 MR AR S SN D08, A ER
BE2> DT B Z S IR R E 21T 9 2 LIIIHETH D, > T, 2 I RS LT ORAMBERRT
OMEOBEMETE T I v 7 ONFRIEEZTMT 5 Z LN TEFUT, MEHER E LTI THEXRT
D,

AR SUEEERIE, FAPEIORE, AIEMAER. AIBRAROYE. HlE. BERS. MEMbREnbke 5,
HIBAD & RO EICIARIE T i, dhikik, BEILEBIE. Y L7 vk, Wi BiEe Eikx 7p
FEDPRR SIHREF S 2 [1-7], BIEMAD b EUE S LB E R DI RECRIEE /340 & U o T e
IRBRAED AR TIECREKFT D, 22T, BEERFECIVEONDIMED L—F —$PELE L
TORE (OEART bb, B AT Fv, dOFEmRE) L RERALIFE I I v 7D
ENELE L, SA7NFET Iy 7 OFHMEICRET 260 L LT, EOMEKERFIETED LS 7%
RMETEUWE L2 OB @AM D Z &1, ST 7 I v 7 2% T 5 L THETH D,

AREETIL, Y VT VE & ILTETE(Reverse-strike 1%, Normal-strike )12 K > TE L S 72 RN YAG,
Cr:YAG. Nd:YAG By ROfEsaMEZ IR X BEHTHIEIC L Vi 2, ZOfEER, Y AT MBI L -
THRUES NI IR OB INHREIEDS . BB P ' T X 7 OatftE e B —8T 5 2 L 291D TH
LN LT, £, FiHMEITH D CANA:YAG & Ce/Cr/Nd:YAG IZBIL T, Y7 /WETRIELT
73y kiR EROZEEE FHlC OV T HIRR D,

4.2 J)WTIVETEESNI=EIIVI¥MEAD R [89]
421 HUTIIBEOEE
IERIN YAG, Cr:YAG, Nd:YAG MR % Y V7 Wk, 35015 Reverse-strike 5, 475 Normal-strike
EO MO TETRIELIZRE L2 7LD ) 2 b 2R 41183 T, RPO [SGHEY VT VE,
INJ 1323k Normal-strike ¥, R 1337k Reverse-strike ¥4 7R~d, CrA AU id AP A A & D
YA MCEBT S 720, CrRINRE (mol%) 13 AP OF/VIREE IS 5 Cr' OF VIR O 4 Bk
T2, Fio. NEA ALY A AL OV A MTEES 5720, N WRIMEEL Y OE VRIS
NS OFRNBEOLAZERT 5, £ LT, dOEREE 95 72 I B S Nd:YAG (11-VI Japan
) &t7 Iy 7 N&YAG (FEbRaatt) 2@ Lic, UTIC, ZnEnomiEofEiE%
R
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WA FEHL—V—MEO®T I v 7 HIRIC XD RN

#£41 HWEHBEY T LY XK

YAGH DRE [mol%]
YUILES - RVEFZE
Nd | cr
HRCELNFESHOFM
1 0.0 0.0 SG
2 00 0.0 N
3 0.0 0.0 R
FEBAORNFEFE (CrYAG)
4 0.0 05
5 0.0 10
6 0.0 20
7 0.0 30 SG,N,R
8 0.0 40
9 0.0 5.0
10 0.0 6.0
A BER. EISVIROBEAHELE (NdYAG)
11 0.6 0.0 SG
12 (standard) 0.6 0.0 VIR (BBIERE)
13 (standard) 0.6 0.0 BES (1-vidt)

(@) VILTILiE

B BRI L7223 > T Al(O-sec-C4Ho); & /K 2— 7" 1% ) —)LIRATR & Y(CH;COO); KA & U
fii L.80°CIZHNZA L 72 Y(CH3COO); KIFIFIZ Al(O-sec-C4Ho)s & K 2— 71 /% ) — )VIRAH & F L,
1B L7z, Al(O-sec-C4Hy)s & /KD ELIZE/VEL T 1:100 [ZFH3E U7z, 5 D NT-REER 7 V5 A ) 0 OFLEE,
A TR Lo, —IRBERS Lo, —IRBERS I, BERSIREE £ T 150°C/Refl O3B CHIR L. H
HIDIREE T 4 RERIREF L7212 IC BARIREERE T 87, —IRBERSIRE L. 900°C72» 5 1400°C % T 100°CHE
B ST,

(b) Normal-strike ;%

L ERm LI E > THEE L 72 (AL Y, Cr)i B /KEHRIZTLE ] NHHCO; Z I L T b7z YAG Aif
Bk A T VX FRIEEE, FEE VT L —IRBERS Lo, —IRBERIZ. Y VT B L R U417
STz, (BHEOFENIL 2.8.3 HAESM)

(c) Reverse—strike i%&
Normal-strike 7 CiX, (Al Y, Cr)iR A /KBRS IL I 2 US4 73, Reverse-strike 15 TIXILEFNC (AL
Y, Co)iR ARSI &2 IS 5, & D% OEAEILRTIR D Normal-strike {EDLE LR U ThH 5,

422 JILTIVETEESN -3V IMMAD S SR E
R OFE S LE ORI, X BREPTHEEE 2 W TiTo 72, HIESHEIX. X BHOBFEIX CuK a .
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Haw HHLV—F—MEOvT Iy 7 HIIC KD ReEREH

BRI 1L 50 kV /300 mA T, EAHEPHIXETAE 20 =20.000~40.000° . AF ¥ L HE 4.000° /min,
P77 0.010° TiTo7,

R DKL B0 1 b — Y — [/ LR L o AR E 2418 & IO CTHIE LTz, £z, KL OJRiRI
ERETHEMEE AW TBIZE L,

B O NS A A BEOCE A A RIBEE L, R & ) U ER % MR 28N T /3R U 72 i
ZICP R Lo THIE LTz, E7o, @AY Mv, @BHME, #HmM 2 & OB EL, my
fRRESYE e E VT, BB EMIFRIL 1 nm (A% v 231X 200 nm/min) CHIE L7, dEREERE
Y 7T, BE05g 2 1.0 %R Y B =/L 7 )L a2 — L/KIRHE | ml (2 —(ZRE L. & OREK
02ml & AT A N7 AEA LRI T bDE AW,

4221 XREF/F—2IC&5EERIEEDFHE

VIV VI, 3ETE Reverse-strike 5., F:7L7% Normal-strike 150 =FiE O F1ETHRYE L 72 BN YAG
A (419270 1~3) OBERSIREIC XD XBE/ 2 —2 DK 4.1 D@D H(CE)IZEN
ZIURT, ST METERESNTMER (F41 57 01) OYE, 800°C T YAG ORI — 27 3
BATWDZELD, TTICRMEDBBESTND Z ENg0Dd, £z, 1400CE TOWTIORERE
TLE CTHMMONTHITEED BT, YAG O —27 LIEFICE L —E L[10], YAG H—FHTHD
Z EBbrotz, —J5. Normal-strike (3 4.1 %7 /L 2) | Reverse-strike {5:(F 4.1 %27 /L 3D
Al EB 5% 1000°C £ TIEBIREREH & — 27 BB, BHKIET B 7 7 ZRETH Y . 1000°CLL
ECETE— 7 SBAVEE LA EA TWD Z L35, Normal-strike 145 TlE 1100°CE T, KHIZ *
FIT/RL7Z YAM DR E—27 28 YAG DORYr e —27 & & HIZIFELTZ[11], F£7=. Reverse-strike {£D
G lE 1400°CE TETHAZ — I YAG DT E—2 & & H 12 YAM Oalffr ' — 27 23 8iiiz,

(a) (b) (c)
- 800°C | | «:vAm 800°C | [ x:YAM 800°C |
o00°c | 900°c { | 900°C |
S 1000°C{ | 1000°C{ 1000°C]
©c | ] L, * " * ] N |
el A\ A 1 [y A A 1 r A ]
> 1100 C ) 11oo°c; L 11oo°c;
1 SO O N A N
o I 1200°c| | 1200°C] | 1200°C]
el | i i L * ok ik i
c | i L d B : ' i i ]
— L L YA oA
i 1300°Cy ¢ 1300°C] | 1300°C]
- - - B L % * % * ]
oW e | T B g TEAD D
- J\ 1400°C] [ 1400°C] 1400°C]
) 0 U I K I B Y A ]
25 30 35 4025 30 35 4025 30 35 40
2 0 [degree] 2 0 [degree] 2 0 [degree]

X 4.1 BHED X BREHT Y — > OREFFIREIC X521k
(a)Y V7 Vi, (b) Normal-strike ¥, (c) Reverse-strike 2
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X 4.1 OFTXTOEPFT/NZ—2 D YAG fEga DB A A B —27 (20=33.3° YOV — 7 Hifd & Bifk
BEZ LT ey b LEEMEREX 42 (73T, VAT ETHER SR, BERSRES K
BATHLEWEZRL, 900°CH 5 1400CE T, 1EIFE—E T, TDfEIX 4.4 TH-7-, Normal-strike 7
DAL, 1100°C E TITBERSRE NG < 725 & B — 7 EmREEIZEI L7223, 1100°CLL ETIE, Y7
JWEDOGA ERIBRD—EfE 4.4 (272 > 7=, Reverse-strike £ DAL, BEEIRENEG LS D L — 7 HE
FEMEITHEIN L7223, 1100°CLL ETHEM LT, VL7 5SS Normal-strike 572355 L 7o —EMEIC X
1400C THEIE L2 h o7z,

%25 LA B L L L B B B L N
(]

T I ¢ o © 8 o o g
84- X X 7
=~ X

X X

S 3F ] ]
o X

g (6]

= 2L u
[$)

£ [ X

£ [ % ® Sol-gel

E 1." O Normal-strike |
o i X Reverse-strik
go' 1 l 1 l 1 l 1

<

700 800 900 1000 1100 1200 1300 1400 1500
Temperature [°C]

42 BERSIREIC XD YAG [EIHT ' — 27 mEOZAL

ZORER XY | BB ORI R R OBERSIREE L. Y L7 EIE 1100°C, Normal-strike 11
1200°CIZE ® 7=, Reverse-strike {EIZBI L Ti, 1400°CLLETiX YAM fHOATHHO Ze REIZ 72 5 &
DL, BT Iy 7 OBERIREDS 1800 CRE T, £ DIREIZIT-S 2 LIFTFIEMEIC R 72D, Bk
DR T ORERE X T 720 o 72, % LT, Normal-strike {E(Z A8 1200°CIZRGE LT,

4.2.2.2 RMFESTEEEFIRMRGICK ST

1100°C CHERE L7 VT WIE TR LTI & . 1200°C TRERS L 72 Normal-strike {2, Reverse-strike
ETHK LI R ORL AR AIERS R 2 M43 17T, VAT IVETRYE LI R ORI A 1.
X 43 ORWVERTRTLEICEBEZ 1 um 2258 um FTOTr— RS TH-TZ, —H,
Normal-strike £ (FEVIEHR) . Reverse-strike I5(FAR) D& A1, Z2DORERE =720, £
OB — 27 X, Normal-strike {139 0.2 um &) 1.5 um, Reverse-strike 75134 0.2 um & 49 2 um
Th-oT, 35

30 |

Sol-gel
C Normal-strike
P Reverse-strike

1
20 | ' ]
1

15 | -
F i

Frequency [vol%)]

10f

Particle size um]

Xl 43 By EROR 854
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WAE FHL—Y—MEOE T I v 7RIS XD R

WA AR 1 OB BAMES 2 X 4.4 (2R T, ()Y V7 IVIETARR L7ZFHR, (b)iX, Normal-strike
ETERBLIZHAE, (c) Reverse-strike (E THRK LT ETH D, £ LT, ZHEH, 11X 500 fFIZHEKR
L 72 —RBERERIMA, 2 13 30,000 5 ITHEK L7z —IRBERS K A, 3 13 150,000 fi5 245K L 72 BiBR AR - D14
Th D,

VT AETE R LT AR 4. 4@DNICEI L T, TBIRITAES>TEHB Y A XE 10 um 282 2
RiF b 7e TS, RIEE A EH CHIE SN RERITEW & 72 5, 500 {5 THIEE L 7= — DOk 1
% S HICfEEA BT 30,000 f7(1X 4.4(2)) THIZET D L BUEICE R LT SRS DS BLAL, —IRRL
FNTTILEEZIRDET I v 7L TWD Z 3o Tc, —J7, Normal-strike 75, Reverse-strike
BEOLET, RERTIIY VT IWEOBRRIZIE A RPN S TRRIZERCREH 28ME & A L THE
STeb DA LN oz, ZhEh, 55 % EiF72 30,000 {5 COBLETIL, WINOFIETH K
BLAITEEDH 02 um, D 0.05 um O E—F VRO TH D Z EnNbiroTz, ZORERIL, KL
FESATRIEDRER &~ L TRV, RENMMHUE CHEINZ 2O —270 55, /IEWIEHIOL
—7 (302 um) (F—RFRHB LD, REWEI>OE—2 (1.5 um~2.0 um) 1F— KL+
BEEE U CIERR S V72 IR 1 A2 Z T2 k5 R CTd 5, Normal-strike 75 & Reverse-strike {ED X & AL
TRUNDS . ) Reverse-strike JEDRIF- /N Z Dxo 7=,

A

. ¢~J - v N
S e

(c1) (c2) (c3)
44 BFEFMAD SEM Bl2212 L ki 114

Z DX DTN ILIE L Normal-strike 72, Reverse-strike 15 C., Rk DIk K &x < B/ A2 H
L. Y NVTIVETERKR L2561 COIIIRET 2 RIBMAOR 7T IER I/ & <X 4.4@3)IRT X
INZEnm 25 10nm TH B 728 Th D, BRI 125/ S &R OEEED RENZ 72 D [12]. £ 7=,

-79 -



WARE FHRL—V—MEOE T I v 7RI &I D ke

ZDBRDTMEDBR TR v N — I HELZTENT 5720, S BITRFRIOEENREI D, TD
T2 —IRBERGHNCAT D B C, — KL FICIRRES 2 Z L IIWNEE T, By IR 1 O fRlE <137 < Btk
RO 20 | KX AR TRIRICR D, ETo, Wi+ Th D720, RV BERSIRE CREERALT-[H]
DRLTRREDIGE -T2 b D L bbb, —7F7, Normal-strike 7%, Reverse-strike 15D RS AKL - DRIEE
X, B 4.403)3NIRTE DI220 nm A5 30 nm TY AT IEORI LD KRE L, BELTH,
ZO7D, Heka MO, Y AT AEDRMRIZ AN E G TR R OBE Rt C &, —fiT—
PRLFIZfREE L 72 & o D,

4223 MMAEIRICKDEAFEARFIED LLEETA

FITHFE L LT Cr 2RI LT CrYAG BRI OWT, %GR D Cr A A U B ERFE R F N Fh
OEME (41 YT 4-10) THI UIZRERZX 4.5 17T, R & 8L R 1345 2590 nm,
708 nm TH D, WTIOBEBMMILE T T, Cr iRIIRESHINT 2 & LI HETRE TN LTl
IIPREEDS 3 % ThemlZ#E L, ZHLL EORE T Lz, Cr A A4 OREEBIR ThH 5, 306
Eix, YVISNVETIEELLELDORETOREICEBW TR, IRWT Normal-strike .,
Reverse-strike {EDNATH > 7=, VW7 WAETHRAE U2 RD i b 5RO VvE IR 2R3 B X, ftho s
BT THERNTRIFAR (Fidlfbt) DS ESWRSEMEE & DL YAG HHESAOfE (YAM) O#T
RN Th D L Bbils,

® Sol-gel
© Normal-strike
X Reverse-strik
Lo 20 T T L L 'l_l_'_|_|_|_|_|_|_|_|_|—
3 [ )
& °
2 15[ ° ]
‘@ ®
§ [ ]
c L
= 10 | |
a> - ® o)
(6] (6]
§ [ ¢ X @
§ 5[ ® X X X 4
5 F O
S X X
T [
0 1 1 1 1 |
0 1 2 3 4 5 6

Concentration of Cr ion [mol%)]

X145 Cr:YAG By A&dD 590 nm Yehtiz L %
£ 708 nm TORIEIRE D Cr A A L RERTEE

4.224 HMMAREEBROELFEAFEDLLE

FRO X ORI YAG B RO R O Cr i YAG B BRIZHOWT, VAT IETRIET 256
WIZRAERE LTHo &b RRMAD GO, £2 T, Nd i L T/ s nvETi#EES T
YAG BR (41970 11) 8T v7 YAG (F 41 H 70 12), HiES YAG (3 4.1 v
TV 3) OEIFHEOH 21T 572, 7 TN T D 0.6 mol%-Nd:YAG TH V| JE 808 nm ©
JEINEIZ KD FEN AT bv R 1064 nm OFEETREE, HOEHFA, 36 L OYER 1064 nm DFEE D)
BANT MVOMEZAT > Toe FEY 7T, ORI IR A 7T L TE L 72
DX AT BNT T, o, BT I v 7 ) BESHIIER 10 mm, JEA 1.7 mm O b D& FHNTh3,
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T LIS D R Y B2 0L 9 I I OEmICREDT v S EE ST,

X 4.6 12, ¥ifE@)., ©T I v 7 ((b), EEiHC©)D 808 nm SEHHEEIC L B N1 A DHOEFE ALY
MVERT, £, K47 1230R@). 77 I v 7 (b). Hfidh(c)? 1064 nm FH O A7 Lz
Y, BZ Iy PHEERICEL T, BEcHESNTWDEY . ERENDORIEANRT ML, bk
AL NVIFIERICE K — B L[13-15), BHADFE N ALY tv, AT Muid, £ 7,
BB IZ A DT ART MURBRIAVERTH > 7208, N A A D X5 72 LB Ao 7 2~
7 MUVEIE AR OILR DG TS, E— IV (LEORERZE DO afFRITE T I v 71k, Bk Lz &
X OEMIRFHI AR BEDO LD TH D Z L NHRTE T,

T 100 e
I Powder (a) Powder (a)
— 80F Ceramic (b) — 80 [ Ceramic (b)
=] i Single crystal (c) 3 [ l Single crystal (c)
& ol S 6o f
Z2 | n = Mj
2 4f ) % a0 | Nd\ﬂ J A\/A
o ! o [
E nf A A An 520-\‘.\/‘/? Vi W\/\%
0 ! o Q k/\ v S 0 M
1040 1050 1060 1070 1080 1090 1100 780 790 %“’10 |81°th 820 830 840
Wavelength [nm] avelength [nm]
4.6 808 nm JEhiElZ K B Nd* A A D 4.7 Nd*A 4> ? 1064 nm FEID
1064 nm TOHOEIENE AT B L ke A ~27 hov
@Kk, BTy 7., (©Hfim @A, )T I v 7., (R

7 4212 808 nm WFHEIZ L D Nd*™ A1 A2 0 1064 nm TOIENIRE & e OME RS F %2 <9, 1l
TERROMERRIZ X 0 | FERE O HERGIXREETH 225, o 7 VB OFESREMIZIZRE R,
FEERORIIRE L 1 LTD &, INATMETRIESNIZREIZ 096, ET7 I 2712094 THY ., FEH
WOEWVEZ R Z AR TE L, £7o. @tHFm b Y AT /ETEYE SR 244 usec, &7
X 7 1% 237 usec, HLAEANIE 229 usec L IEFITIMVMEZ R LTz, ZHRHDRERED | BiEE W T,

7 vk, HERMME LD & &2 OB BN D kD EHEEE TE Iz,

%42 808 nm YL L D Nd* A A D 1064 nm TOFIEHRE & de e H

WHSHE [au] | HAEFH [us]
Bk 0.96 244
b ERLr ) 0.94 237
BHiESR 1 229

7/1/5 JVE, IETE (Reverse—strike %, Normal-strike 1£)% U C YAG My iR &2 BUE L. Z OfE S,
Nd&* F—712 INEFEZ R L7z, Y T RIS Ko THRYWE SR v G bt 2
%%Faarﬁ‘ﬁiﬁ%%ﬁ/ CHNDTZ0, 7V AR DOVERE 2 I T D alREMEZ /R L TE D,
HFET Iy ORI E LTRIHTE b0 EEZX NS, £z, MRBRE L TlitEWEs
JARTR E~DIGHYLEE B ZE X B LD,
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4.3 FLN-AIRAREL —H—#$ Cr/Nd:YAG D4FHEEEE [16]
4.3.1 B#W

Nd:YAG L — =M EHI B 2RO @O EPERRER L —F— kL LT, Z<oal Tl T
WD, RN 13RS S A OB RINAE THIBR S T b, 7 v T O% AL, B A XY
M S OHRENEICHN DO T, BEDENES | ROBBEAL L0 L—F—IEICBEL
NAELDZ ENRRBEE 725, Nd:GSGG (Gadolinium Scandium Gallium Garnet: Gd;Sc,Ga;0,, ) . Nd:YSGG
(Yttrium Scandium Gallium Garnet: Y;Sc,Ga;0,, ) #&fa72 EI2BWTIE, T8I K ORItk 7 v —
R CHRWIRIL 2 FFOCr A A v Z#EH & LTI F—T7"9 52 & T“bﬁbtaﬁ%é%:hﬁ LHRBD72 T
W5[17-20], LU, YAGRSEE DA, Crt A 4> % =795 & EanE 72 BRSO BLEAS IR #E7e
T2, HfEGA~Cr A A R =7 LTe & 1380 720 [21-23], EF, &R T X v 7 BUEDO#SED
BEANZATO, Cri' A A& R—=7" LT YAGE 7 X v 7 B LERITHEMICT . 5 E D & D355I
HE DI SRAL - AT L — 3 — D58 T O A HEA TV 5 [24-28],

BRI PHZEB TR 2 L— =2 L, i EORET T MGETDH L —F—FH o RLF
—FHV AT LATIE, 7V =R X—% 24 FEIE T2 2 L2 HEBELTWD, ZDOHA,
Cr/INd:YAG £ T 2 v 7 N D IEHHR A7 S VORI b TE D76, FHfZEf b b E
TO TR F—REM KRG B L ——E & L TOFEDR AT DI TV 5[29-35], £ 72,
7 I v 7 ic Lo T, B TIIREECH - o KA TR O @R ETINMN AREIC /e 572 2 & Tl
WHIRFIIRELS< o TV D,

ARETIII NV WETEELTZE T X v 7 EZ HV[8,9]. Cr/Nd:YAG O L—H =2 R oL b
w<7en R—=7 R ORERELEZT D E L IT, Crf' A 4y R—780 10 mol %l 35 &5 i FE ik
TOEKAFELZAOLNIIL, ZOZRKNLF—BERIZONWTOBELEET 5,

432 EIIVIMMEDEE

Cri‘Af A BE %78 2 7= Cr:YAG, Cr/Nd:YAG, Nd:YAG #k% > V7 Vikiz K-> CTHRYEL, CrtAo
F U RONSA A ORINREZRD X 512 Uiz, CORINERE (mol%) X AP A A v DE/VIREEIC
X925 CrrA A OFVRED I NCTIREX YA 4 OF/VREIZXT 5 N& A 4 DOEVR
EohEEW®RT D,

1) Cr:YAG ; [Cr*]=0.1,0.5,1.0,2.0,3.0,4.0,50,6.0,7.0 mol%

2) Cr/Nd: YAG ; [Nd**] = 1.0 mol%, [Cr**]=0.3,0.5,1.0,2.0,3.0,5.0,7.0,9.0, 10.0 mol%

3) Nd: YAG ; [Nd*] = 1.0 mol%

7 Iy 7 MERORYEIL, 428N LT2EY Th D,

4.3.3 KD

CriAd A ANA:YAGIZHIFINT 5 2 12 K 51064 nmIESEDOFhE ALY MV OB R LTz, X
4.8(a)lZCr(3.0 mol%)/Nd(1.0 mol%): YAG. (b)IZNd(1.0 mol%): YAG?D 1064 nmFE Dt A7 kL& 7R
9, Ct/Nd: YAGKMAE DL 227 R LiZ, Nd: YAGDJihild A2k JLIZCr A A > ORI #1359 5440
nm (*A, — *T) £590nm (*A, — *T) #HLeT270— Rt =2 ZMATZEBIZR>THEY |
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49DCr A A v ENEA o DT VX =W R LT L )RRV F—EBENEZ > TWNWDH D
LA [22,361.

“A >'T

My,
" M Mh

300 500 600 700 900 1000
Wavelength [nm]

Intensity [a.u.]

48 1064 nm FEEDfhfE AT kL
(a) Cr(3.0 mol%)/Nd(1.0 mol%): YAG. (b)Nd(1.0 mol%):YAG

30000

25000

I

T
20000 }

Ty
15000 Ry

Energy [cm™]

*Fan

10000

1064 nm
5000

ol A,

Cr3+ Nd 3+

4.9 CriAd A2 & N A Ao O3 )X —HENK

WAL I 5 % (a)440 nm(Cr**A,—*T)). (5)590 nm(Cr**:*A,—*T,). (c)808 nm (Nd**:*I,,—*Fs,) & L.
Cr(3.0 mol%)/Nd(1.0 mol%):YAG ¥y {EDFE KA~ kv & (d)808 nm Thihid L 7= Nd(1.0 mol%):YAG ¥
KDFEN AT ML EK 410 (8T, Vo TILVOERBIZFECE L, B0 U —4 3 5OHET
—E L LIZDT, D7D B IEICIRE DFRXT L3 R RE T 2, Cr(3.0 mol%)/Nd(1.0 mol%):YAG O
HOE ALY RVIERIRHIC & 597 900 nm, 1060 nm, 1300 nm (*F3p—'ln. Tin *L3n) ICE—72
ZFFH, Nd(1.0 mol1%):YAG FiERDIH AT MV EFEEIL TV D, X 4.10(a)b)IZBLH <3172 600 nm
—850 nm (2B WP REBILCOA AL DORKICLDbDLEZEZLNDM, HIFMLTZ C' A 4
I3 1064 nm (281F 5 N&*'A A2 DR AT MVCEBEE B 2202 E3bind, £, S06EIX
440 nm FHEL(X] 4.10()) DG D R bR < . X 4100 HARB L Z SEOFRIMEZ G-, ZhbiER
235, 440 nm G (‘A — Ty ) & 590 nm JE( ‘A, — T, )@%&Hﬂ:iaf)ﬁb@énk cr' A A v o
14000cm™ {3 D WELE DT F )L F—IREEN S, FERPUGRT-% %218 L CTHERNIC N A 4 ~Dx=x
X —EENTONTND T TE 5,
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(@) R E
— ;;...Jlkﬂ Jﬂ 1AL
s |® N2 £=590nm .
2| |
g_
E -
i .J}tﬂ lk WAL,
| ©) L 2 £=808nm|
AL I e
 (d) L e K £=808nm.
hou 11

800 900 1000 1100 1200 1300 1400 1500 1600
Wavelength [nm]

X 4.10  Cr(3.0 mol%)/Nd(1.0 mol%):YAG ¥ {&(a)—(c) &
Nd(1.0 mol%):YAG ¥HA(d)DF AT h L
X 4.11 1 Cr:YAG ¥} A% 440 nm JEIZ L Y bk L, 708 nm (28T DHNME D Cr' A 4 K — TRk
WIFEE R LIEb DO THD, Cr A A DHE R—=7 LG, BAEBEIL ' 4 v F—TREN
3mol%IZB N Tk K E e oTz, LIER-> T, ZOREOREICBWCREMENEEFICR Db O L H
MEhd, £72. CrYAG BHKICBIT D CF 0FMD Co' A 4 v R—TRERGEHO FEHRT — & %X
412 1T T, BEMEORZ 5VMEEE (0.1 mol%) Tk 1.8ms &FEFIZEV, BXIG-ERIC
£ U quenching sites ~E7) 15 Z LI LD AU DI, K@) TRENDH([37,38],

T,
Cr0 (41)

T [ R L A—
T 14 (Cp, IC)

Z Tt FIREICIRIFT 5 PEstate DEKFM. Teo [ TRETHROEZ B e & (Cr A A v MK
BEDL &) OHNFM, Co (TCOA A UVRE, Coo 1Ttco DIEI N300 L&D Cr A A L
AR, X412 D Cr:YAG O NFMOREKRGHEEARG. D) TT 4 v T 4 735 EFEMOL I
720 CoolE 4.5mol%ERE ST,

= o
E, 40 L 1 T T T '§' 25
[ o "
g I < 20
2 30 - % <7
2 [ ° o i
£ r c 15[
o 20| b ' :
2 [ L q0f
o - = [
o 10[ 1 G :
g go.so :
g 0 L L L L g 0.0 s | |
-~ 0 2 4 6 8 10 :q:S 0.1 1 10
Concentration of Cr ion [mol%)] | Concentration of Cr ion [mol%)]
¥ 4.11 Cr:YAG ¥ {A® 708 nm (281 5 X 4.12 Cr:YAG ¥iKIZEBIT 5

FESCTRIED Cri*A A P AR A
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RIZ, Cr Z Nd:YAG ([ZHERIN L7256 ORIRE TR 5729012, Cr/NEYAG Bk (Nd B9~ T
1.0 mol%) % 440 nm T L 72354 O Nd 38 L O Cr OFEHRE D Cr IR IEZ T2, Z OfE %
[ 4.13 12777, @1F 1064 nm (Nd™:*F3p—110) . OlF 885nm (N> *F3,—"Tgn) . A1E 708 nm(Cr’'°E
STANDFNIREIZHRIET D EBRECTH Y . B L SiigtoRX@)EHNV 7 v T4 7 TH
%o Nd ® 1064 nm & Y, 885nm (21T D FNMIREIL, Cr'A A2 R—THREEN 5.0 mol% F TITIE L
EBITEML, 6.0 mol%A iz 2 & fafE 72T DEMICH D, Nd FLD Cr iR B MEILX 4.11
ERBROTEES> TR, EHIZCrEDHDODFIEN CrigEiRL L HIcHb L Tnd, 2D eh
5 Cr' D N ~DO T R X =B RN TON TS Z E R DhD, SHIT, BEHEN K
B2 D Cr' A A JREEN CriYAG HClE 3.0mol% Tdh - 7= D% L, CiyNd:YAG H1Tid 6.0mol% %
THMLTWD Z LI, A F o b NE A Ao ~D TR F—EBNDRLL B> TWDHTD,
Cr'A AU PERETHIIE LIS K R TV D L0 LIS D, F72, 708 nm (Z331F 5 Cr DR
BREEIL, CrMREA 0.7 mol%|ZiET B E THMLZE, mxIllid Lz, 2hEv, 14 rns
Nd*' A A ~DZF VX =N Z 0 01, Cr-Nd RIEEHEDS Cr-Cr WIFERE L FIFLEE 272 5 7285
BaLEZLND,

FRRO LT, COAF U DENE A A ~DZ R X —BRMAD TR Z D Z &2
Bt o=, b —OOBBRIING A A ORNFEMPCr A A RIS L TED L I I
TENTHDH, K41412, CoNEYAGH K (NAREIET R T1.0mol%) (2B L T, *Finl~LONG”
A A DEHINFMBPE LR Z v T, e A A ORI E— 7 TH 5 K440 nm T T
ST, Cr'A A PREE A0 mol% F T ORI AINGEIR I3 1T DN O HOEFHa13420—440 us TH 5
P, CrRE N L ETIE IR B H TR < 72 o 72, NdYAGH ONA™ A A D e F76m1310244
us T B, Cr/Nd:YAGH TOEAYHEAFMITHI420 us £ TIER Sz, Zhud, Nd A 4> Djil
FRIEIZHEMORNCT A Ao DD =X —BMEE SN0 B2 DD, 2, EDHRICRE.1)
ARALT, FEMHEE 22 DBREC e & RD D E82mol% Th -7z,

(3]
o
o

N

o

=)
T

[

[=]

o
T

N
o
o
T

sfes —e—Nd : 1064 nm |
O --o--Nd : 885 nm
2 [ek-A . —a--Cr:708 nm |

in Nd/Cr:YAG [ps]
)
o

0 i |
2 4 6 8 0.1 o . 10
Concentration of Cr ion [mol%] Concentration of Cr ion [mol%]

Fluorescence intensity [a.u.]
°
2\9 4
O
O
Effective lifetime of Nd ion

o
-
o

4.13 Cr/Nd:YAG #3{&£® 1064 nm, 885nm ] 4.14 Cr/Nd YAG jb % Nd%’ 7f/a>

RME (bl I R=440nm)

434 IRIILF—EBRDER
PLEIZR L2 L 912, CoNE:YAG 28T CP I X AR NS LN CNA Z LI 6T
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b5, HEHTREIL, Cr/NAYAGIZEBIT 5 NE A 42 DFIITBWTH 45K Cr' o 4 BRI Y
WD EEZTHIIT THL, CrYAG DOGE LY bHOCHED B — 7 iR EANZ > 7 F LT
HZLTHD, TITIECOA AU BN LI NG A F v DL E L~V *Fyy OB E OB E . 2D
Cr' A A U BRERIFIEIC DN TEET 5,

Nd*A F oL Cr' A Ao DT, BRI AVER (electric dipole-dipole interaction) (ZX Y, =
KLV X — DL AT, Cr' sensitizer & LT . Nd®' 7% activator & L T < =5 L2028 S
TUWAH[22, 37, 39], w6l & HUEM O A/ERIX R R OB S REREKOERY) 12X5
H OPIIHINHEART Db DL WHEZEN & LM ST b5, Bl TlEA A 0
WG L OB IFHHAEERNREE CTHY . TEIFNRY I ab—ya VIFITRETH .
HBE TIXEN TN OUEN B 2 S & RINOREARECTREIT 5 2 & T, L— N AR CHT
ARETH D, ZZ TR Cr' A AU s N&E'A o ~DT XX —BBIEREY Py, & EFLT, L—F
FRRRUIZL > TN A F U CE)E CP A A Sy, ‘Fsp) Bl D = %L X — BB & i3 5,

X 4.15 HOYELE N, R 3 XA 138 % AEEEE, i sEEREE LOBBHEL RS, Eio,
ZNHOMBEEORZT Cr & Nd 135 4Cr e NE2£ L, BT 03 3% L 758 iaE L, K
THNLF—=050,1,2,3 L L7ebDTHD, Lizhio T, HEE New 12 CP(*T)). New 13 CP CE). New
1T Cr' (A, Naas 13 N (*S3, ‘Fsp)y Mua 1 N (*Fn) Maar 13 NE* (Lo Maao 13 N Chp)ic e
MY 5, 2 2 COAMBIEIRIC X D N& O FEEREED D ORIEIE 20 H DO & U THENTT D (Ruaos=0)
F2. M DEGICB L TR, *Fan b TISEBT 2 4 FEOME (Fo—"Lsn. ‘Lsns ‘Luns ‘lon) @O
T “Fsp=Lisps “Lisp (TS D503 ERD 10%FEE TH D12, T 2 Tk % BV 23R I3
EAUNE WO TEER T 3,

N
2
cr ] N \f‘cm
Cr1 = NNd3
\A‘NdSZ
R A, A NNd2
Cro2 Cr20 cr0 Rydo3 Andzo
' And21 [Anazo [Anast
Pda N
N Y - Nd1
Cro Anars Nnao
Cr3+ Nd3+

B4.15 COA Tt N A o~ )X —EBBRET L

LEDZ Lint, Cf'e N& OFH T 2UENOREEICET 5 L— b XA T, N A 4o
HELZTE L~V By DB Nygy D Cr' A A VIR Co R AFIENRR@2)DRRIZ 2 5 2 & & T, (Ko
EIHOFEMIL, BROMEICTHHE LT, ) T2, Cao/Conf<l £V Cr'A A > O IEO R IR T
BHOHWEE L L EVEETH ZOBIRN RN T ERRD,

k/ C‘CrNCrT
Nygr = 2
1 + (CCr /CCrOﬁ)

(4.2)
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k P,

k= 4.3)
Anaar + Anazo Poa + Acrio
1 A
— = <] (4.4)
B~ P+ Ac

T I T, Nt & CFTDBEL. Coo 1E CF A 4L DREEWIENE Z DIRE Th %, kITHEIER k&
Nd* (Fsn) MERL ™ & DIBEBHER Aprn Avano & Cr CEWENL D B DIBBHER Ay £V K@) TEREN, B 1X
Cr' CE)HERL > & DB TER DI Acio+Pa (T D Acuo DLW TRUEHD L S itk E 5, R(4.2)
EHWTT 4T 4 T NT e bD&E 413 1R LTV D,

Cr'A AU mEE R—7 0 Ct/NA:YAG OHEOERHEE V7 VECTRIELTZRIC L > THBMIC L
72 Nd'A A PRED 1.0 mol% DA, Cr'A A IREEAK 6.5 mol% T, 440 nm 2 X 5 1064 nm
DFKE TR E 2D TOMHEIE, A A% R—=FLAR0WEAD 1 mol%Nd:YAG @ 808 nm i)
BIC L DG EDRI 55 ThH o7, . N&A F o ~D CP A F oD R —EBITIER 18R
E<HE IV, COUNAYAGIZBWTIE, Cri'a 4 v OREEMEHENEM S, CrYAG OBA L0k
O Z DIRENEREMICS 7 M52 & &, FBRI - BERRIR LTs, Crr 4 v 2 @miRE K —
T L@ EOENME T Iy 7 OREHINIIHIE T CTh 503, OIS HSL L, IRE R L7
BB DT T Iy 7 3MEH Z LN TEIUL, HEANTEDENE D N YAG b — % — DRI BRI IZ
BINsLHFFCTE D,

4.4 TIFR—=TL—H—## Ce/Cr/Nd:YAG DHHEEEA [40]

441 BH

43FTIL, VT ETRE LTC IR ORI A2 Tl 2 2 & T, C/NEYAG HCHEAIE L
THFMUZZ A Ao BRI NS A AN RN T =BT 5 2 L 2R Lz, AfiTlE, &
DIZESL - AIELEIC K Dbk & LIS D720 KB ARZ Rvd 55 Cr/Nd:YAG Dbk |2 AR 72H)
S TOZRNERSS - I (712 300 ~ 500 nm) (ZFEH L, Z OB AR D, 20 Nd '«
T ANE RV —BREN AR R TR R AN LT T 2 v 7 YAG ME OB 21T - T i R & R~
R

442 INFR—TTHRDEE
HININT D IERICEENDLRFITUTOEY ThH 5,
O YAG IZHWINARETH D, GrRDOMiEL, BN, A A R ETIRED)
@ EE4) - AR RIS WL 2 FFH ONd:YAG & L < 1 CriYAG Dbt A7 MR THRIET 5,
(N A A NN —BEN A ETH 5,)
@ N1 A DOEAWEETH D 1 um (ITITHRALD 720,
@ AN, BEICEETHD,
Z D4 ODEME T e HFEOEEM & LT T, Co™, Ce™, Eu®*, Prt, V@ & 3R L 7=, QOS2 E

- 87 -



WARE FHRL—V—MEOE T I v 7RI &I D ke

THOIE, EICBMILREDOA A, SR TH D, 1FLALEDEEIE, N A A D LD
YA A DY A M@ SIS, YAG 8 TIX YA 403, B 8 4 A 2 8803 0900 A
Thbd, LL, CrAFT DL APOY A MIEBRTL2Hb00H5, ZOHEGD AP A 4 O
WL 6 T, A A BRIT0535ATH D, FERITRATE 6 TROEMNIEE A 4L PREFR 43 ITRT
[41], Ce™, Bu™, Pr" A A AL YO A MIEH L, VA A2 & T A 03, Crf A Ao LRI AP
AF DY A MIEBRFRETH LI L Z BN Dd, £, CoA T DEEIL, AP A D 48
POV A NMIEET D Z EBARETH D05, D AP A A2 1372 578 lEHIE L2 T

% %43 TR L A A kg

7—5* V 3+ Ti 3+ Co2* (Ce3+ Eu *+ Pr 3+

i ¢ 6 6 4 8 8 8
AAEE [A] 064 067 058 101 0947 0997

4.421 YT ILBMADELE

Ti3*, Co?*, Ce3*, Eud*, Pr3+, V3% Bl C YAG (CIRM LA 2 BUE L7z, MROSUYESEIZ, 4.2
R Lz@ b ThdN, MEEEA LI Co2tYAG O & I Xl Al & LT 15.5%
Zr(CH3COO)s HERRTR T % FA N = HINTEHE LT~ T Y(CH3COO)s AKVAHE I IR L 7=, BIBRIARDBERE 1L,
MBI O 72 IR R TITV, V3RYAG & TistYAG 1ZBERERFCE N ZE D 0 o9z, BE
FEZAITRILHE K TELYT =—)L (1100 C) Z1T-o7c, BEICHWZREE, BUYESMITR 4.4 IR T,

F 44 BRRICHWTZREK L BERE R R

& | Sl @yme | R MRS

TE [mol%] TR

Co 1.0 Ir* Cobalt(II) acetate tetrahydrate 98+ % 0 7
Sigma-Aldrich Co.

A 1.0/3.0 | %L Vanadium(III) chloride 99.5 % X8
AT KR Ar (anneal)

Ti 1.0/3.0 L 24 % Titanium(I1I) chloride solution
oA eEniKd Ar + H, (9:1) (anneal)

Pr 1.0/3.0 7L Praseodymium acetate dihydrate 99.9 % K&
ERHEERaBA R

Ce 1.0 7ZL Cerium(I1I) acetate monohydrate 99.99 % *ﬂ
BAR{LE X Rt

Eu 1.0/3.0 L Europium(III) acetate hydrate  99.9 % xﬁ
Acros Organics

D“- 1.0/3.0 7ZL Dysprosium(III) acetate tetrahydrate 99.9 % xg
=RAEE Kot

4.4.22 IR

WIN AT RAVORGEZ, o TR TH Y a2 dm LianWes, FEERE W oo LR
U-4100(HITACHDIZ X V1T - 7=, HIEHE#PHIX 3001300 nm, A ¥ > 31X 300 nm/min, AU v
MIEIE 700 nm £ TE 1.0 nm, £ XY REREBITABMETE— FTHE L7z, 30827 b,
hie A7 MV ORIEIL. BADCE D fRREROE ) 62EE SS-25 2 Hv 7z, HIEMPRIL 1 nm, A%y
Y FE X 200 nm/min THRIE L7-,

FNENDICFEZE YAG TN L2 Ry o 7V ORI A7 bV ORIERE R AZ K 4.16 1IT7-7,
— AT A AEEIXFERRICRUE L2 BN YAG Oy R & Wiz, £72, Co™YAG & Ce™:YAG I, 1
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mol% DFSIN T SHE TE 7228, Mo HDIE 3 mol% RINLIZbDDFERTH S, Co™YAG 1%
1064 nm FHITICRIND &V . BRI RE Y Th 2D &l Liz, oo 5563 T, Ce™, Eu™, Pr'*, V' & i
AL 72 YAG 13, 1064 nm IR 2 < 0 $646 « AIRBEIRICIRIN S & 0 . IRIocsE & LT T
HAREERH 5, TN TN BIZE SN2 RIE. Bu’™: YAG 1% 350—400 nm , Pr*:YAG /% 430—
500 nm & 570—620 nm, Ti**: YAG I% 300—400 nm, V**: YAG /% 300—500 nm & 600—900 nm, Ce™: YAG
1% 300—500 nm ThH o7, FEZ, CMTBIL TIE, A7 MUIEIA S | DIEFEN 3 mol% IS4
TWDHDIZEER 1 mol% DI bbb b TRV ABE S,

——~Co
——Eu

—Ti
—V
——Cel7

Absorbance
O = NN W &~ 1 O N

| 00 600 800 1000 1200
Wavelength [nm]

416 HExRITEEZTRMN LT YAG BHEDORIL A7 kL

4423 HIEFH

SR - ARSI S 8 o 7o T VB LT BRI & o T R AR O e & it ok & L TR
DA 2 G~ T2, TER OB EE T IRETH D3 D720 1.0 mol %% A 2 72, T YAG, V' YAG
(%.900 nm £ ¥ A AR CIER GBI S vz o 7o, — 7. Ce™: YAG 14 360 nm & 460 nm, Pr*: YAG
1% 300 nm & 454 nm. Eu™:YAG 1% 395 nm CbiEE L7z I, 64 « alRMEEIC R B S 7z, X 4.17
(R BIH ST STEEOY T VDI A~Y bV (JREDERR) ERIEALT b (BER)
g,

(a) Ce:YAG

[y
[=]
o

N B O ©®
© ©o o o

Abaa 2
(b) Pr:YAG 100 (©) EuYAG

u.]

—
o
o

[+
o

80
60

Intensity [a.
3

40
20

N B
o o

~—

400 500 600 700 800 900
Wavelength [nm]

0

‘ ‘ 0
300 400 500 600 700 800 900 300
Wavelength [nm]

X 417 Ce:YAG. Pr:YAG. Eu:YAG iAo 3&5t. e A~227 ~L
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Ce™:YAG IT 544 nm # &' — 727 L5257 10— RRFEEPBIH S, PriYAG (X 612nm T, Eu’: YAG /L
591 nm & 710 nm CTHRIEHBIE ST, I bIIT TH o 72 Bu: YAG A FEHEIZ 1 & L THRIEAT L
DY —7REZKT H L, CemYAG 1L 45 {5, PrYAG X 12 {5 CTh o7z, WTFNDILHEDHIED
Cr/Nd:YAG Dt A7 bV EERDEIN B D2 RV —EB O A REMILH 5 L Bbit s 03,
I AR MOVIRDIR S LFEEIREZ B L, HEA L L TOAHAMENENDIT Ce™ T 5 L HEr L
77

I EORERL Y, C&' A AT, YAG ICHRMATRETH O . 1 wm FUTITRINA 22< | 4R - ATHRIE
BRI Z R 272 ' L<IE N&' A AN f VX =BT 5 a[ReEN 5 2 Ebinoiz,
F7o. A BEICH L TH RN, MRS STV 42],

4.4.3 Ce/Cr/Nd:YAG DFIMTHREEDREL
4431 YT ILBMADELE

HE RO Y A N %2R 45177, MERORIERE, sOCHERY 7V ORYELEIT 4. 2 il
RLTEEY THD, LTORILFHOILELZEELDO D v INOBEITE TEOTMEEZ R L, Ce
A A DBEIE. YAG T O Y A ANk 5 E/NVEREDEIS ZRT,

45 BHELT- Ce/Cr/NA:YAG ByiED Y %

I Concentration of additives [mol%] Concentration of additives [mol%]
SampleID| 11 12 13 14 15 16 [Sample| 514 652 53 54 55 56
Cr 02 02 02 02 02 02 Cr 40 40 40 40 40 40
Nd 10 10 10 10 10 10 Nd 10 10 10 10 10 10
Ce 03 06 09 12 15 30 Ce 03 06 09 12 15 30
21 22 23 24 25 26 61 62 63 64 65 66
Cr 03 03 03 03 03 03 Cr 80 80 80 80 80 80
Nd 10 10 10 10 10 10 Nd 10 10 10 10 10 10
Ce 03 06 09 12 15 15 Ce 03 06 09 12 15 30
31 32 33 34 G35 36 71 72 73 74 75
Cr 10 10 10 10 10 10 Cr 160 160 160 160 16.0
Nd 10 10 10 10 10 10 Nd 10 10 10 10 10
Ce 03 06 09 12 15 30 Ce 03 06 09 12 15
41 42 43 44 45 46
Cr 20 20 20 20 20 20
Nd 10 10 10 10 10 10
Ce 03 06 09 12 15 30

4432 B, EHXARITMLDRAIE

FOECRFEOREIL 4. 28R L2 Y TH D08, Ce:YAG D Ce’' A A oHe e FHamillE L, Ce™
A A DENFM N nsec A — X —TIEFITHE 2D, Nd:YAG L —H—D 3 1m0 (355 nm) % H
WTHIE L7, b——d 1% 250 mW i U T 10 Hz, 2~/V A 81T 3 nsec T, MA14512 . InGaAs
DY HA A — Fa T, 530 nm TOREOJREFIEFE L A > 1 2 22— 7 TR L 7=, Ce/Cr/Nd: YAG,
Cr/Nd:YAG D8R 2 EMERIIZ EEER L 72, Ce(0.9)/Cr(0.3)/Nd(1.0):YAG & Cr(0.3)/Nd(1.0):YAG @ 1064
nm FEIEDOFHIE AT MV A 418 \ZRT, TNENOEMICHE DIREIT AT SVECRTEEITEL
bNOBRELAEEIGRAR, £72, £ A7 FLE 808 nm O B — 7 THMEL TV 5, Cr/Nd:YAG
X Nd:YAG DJFhfE 227 k12 380~520 nm (*T;—’E) & 520~700 nm (‘T,—’E)D — > D7 1— K730
RS > 72 A7 R IVIRTE T 52N (1K 4.8(a)) [36]. Ce® A A2 BRI E 7= Ce/Cr/Nd:YAG Tii.
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380~520 nm DOFEXIAIZRFRENHIR L, ZD /N RO E—27 53 440 nm 2> 5 470 nm (24T LT, F72,
350 nm D N&* A AN K2 EBOE—27 b v | Fh I 00 320~360 nm (27 v —
Ria e —27 BN8LbiTz, TNEN Ce' A 42 OIEJEHEN °Fsp 205 5d ~DO T F)LX —BBICHkT 5
HLOTHDH[43], ZOFREEND Ce™ A AN NEA Ao ~DTFNF—EBIZEE L TWADZ LT
LN THD, £ LT, Ce/Cr/NA:YAG TIFES » IO A7 FVERAER L, I EMERIC
UK AR MV ERIEE L TRV RELSFIAFMGETH D Z L bahotz,

100,

8ol Sunlight

40 [

Intensity [a.u.]

20 [

0k ‘
300 400 500 600 700 800 900 1000
Wavelength [nm]

4.18 Ce/Cr/Nd:YAG & Cr/Nd:YAG @ 1064 nm FEYE DR A7 kL

[FJE D Ce/Cr/Nd:YAG & Nd(1.0):YAG % Z4LE 41 470 nm, 808 nm Tl L 7= %A ~XT ML [¥
4.19 12779, CoNA:YAG & Nd:YAG DFENXART MR —ET 252 LK 419 128 L7,
Ce/Cr/Nd:YAG & Nd:YAG DIEN AT L HlFEAER—TH-o72, £ LT, 1064 nm TOIFENAH
FIREE L, 808 nm Thhl L7236 D Nd:YAG % 1 &35 & 440 nm b2 D Cr/Nd:YAG 7% 1.6, 490 nm
AL @D Ce/Cr/Nd:YAG 23 104 TH o 7=,

FOU, iyt et

8o [ ]
60 [ ]
a0 f ]
20 [ M ]
0 u . M : A s
[
80| ]

Intensity [a.u.]

60 | 1

ok “u,. ”M . R o —

800 900 1000 1100 1200 1300 1400 1500
Wavelength [nm]

af

20|

4.19 Ce/Cr/Nd:YAG(a) & Nd(1.0):YAG(b)DFEIEA T F v
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4433 REMNRORERTFMLE
[%4. 2013 Ce/Cr/Nd: YAGD Jihie A7 L D Ce™iig FE A7 M2 7R LTI Y | X4 20(a)iZCr(0.3)/Nd(1.0),

[X]4. 20(b)IECr(4.0)/Nd(1 0)iZ /2 DI FE D Ce™ HIRMMULTZ A Th D, Fio. KA. 2UFCr R EEARFEE R
L CHY, [X4. 21(a)lLCe(0.3)/Nd(1.0), [X4. 21(b)ILCe(1.5)/Nd(1.0) (ZE/eDIREDCHZUIMULT- 55 TH
Do WTNDAT ML 700 nmED) B ESEIRONT A AN Bk Db A7 MU i3 e -T2,
Crig EE MKV (0.3 mol%) %A ([K4. 20(a)) 1%, Ce™ IR EDEINL T e, Ce" 1A Ik T2
320~360 nm&380~520 nmDE —ZFREEDH AL, Ce™ 231 2mol% (2-4) LA =Tl Lz, Ll Cr*
AFANTH KT H520~700 nmDOE — 7RI L UIeD o7, — 5, CPREENRE (4.0 mol%) H6 (K
4.20(b)) . Ce IRMIRE NN T 2L, CrREIL—E THHIHEDLL T, CriA 412l k3 5520~700
nmDE — 75 3380~520 nmDE — 7 LRIFEIZEEINL 7,

WIZCETREN —E DA 1L, K4, 210 T ECCOBINRES T 5 &, CrrA A Achk+
%520~700 nmDE— 788 FE XN T 503, Ce* 2K D380~520 nmD Y — 7 J8FE | F{E NI L, Zhud
[X14. 8(a)l /R T EDICCr A A 13 975520~700 nmE380~520 nmDE — 7 FREMBITIE[FLE TH D=6
CrfnEDH NI K> Tl e —2 DIREE N RRITIENINT 5 THAI W) FRIE R T O R Th o7z, Fz,
320~360 nmOE— 7 FEL I Lz, ZHOBERIIC I E MRV (0.3 mol%) 34 (K4, 21(a)) ThiF
(1.5 mol%) %4 (IX4. 21(b)) THFEEE TH T,

(a) [Cr] 0.3 mol% |Concentrat|on of Ce ion [m°|%]| (@) [Ce]-O 3 mol% Concentration of Cr ion [mol%]|
16 ¢ - 12 — A A 0.2 (1-1) |
- 10 [ —0.3 (2-1)
8}
6f
- 41
s —_ i
kS 3 2
> S ol
2 16 (b) [Cr] 4.0 mol% | Colnc'erlltra:tlon of Ce ion [mol%_]l %’ 12 (b) [Ce] 1 5 mol% |Concentrat|on of Cr ion [mol%_l
o 0.3 (5-1) c X T I B 0.2 (1-5)
c14 ——0.6 (5-2) 210: L ——0.3 (2-5)
12 ——0.9(5-9) € - . ——1.0(3-5) [
10 8
8 6
6 -
4 41
2 2
0 bus e 0k -
300 400 500 600 700 800 900 1000 300 400 500 600 700 800 900 1000
Wavelength [nm] Wavelength [nm]
420 Ce/Cr/Nd:YAG @ 421 Ce/Cr/Nd:YAG ©
e 2~ kLD Ce* iR 7 JihiEE A ~X7 LD Ce™ I RERAFNE

X420, K421 D585, WINTTHRIEENE DD LI AT MVIEIEN K& BT 5 2 &35
M5, K77 vy a7 7 THIEd 554, 300 nm7>5 1000 nm E TO LK E DN il %
535720, ZOPERHOBE ALY MVIERBIIREENESS T T v v =T o7 7 BT XD IO
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BT DN R A T DR L 2 0155, & 2 THRATITR LIEZEBHED 1064 nmFE G54 5300
nm72> 51000 nmE TOHEE ALY MVEEZFH L, Cr' A AV RE L Ce' 1 A VBRI L » T =kt
FoRT D EHA2UTRT LI RO L 72D, ZORMNEG, NE A AU REDNRL0 mol% Th D560 A
A7 MVEFEIE, Ce¥' A A U IREEA30.9 mol%, Cr' A A IR FEAY6.0~8.0 mol% D & TR K THDH Z &
Bbnrolz,

2.0e+003

1.8e+003 2.0e+003

Integrated
Fluorescence
[a.u.]

1.5e+003

1.3e+003

1.0e+003 1.5e+003

7.5e+002
5.0e+002 .-
20.0
18.0 |
16.0
14.0
12.0
10.0
Concentration 8.0
of Cr ion [mol%]

1.0e+003

5.0e+002

0.0
Concentration
of Ce ion [mol%)]

422 AT NVEFREDORE Cr A A, Ce¥T A AR

AT MVEREOCE A A2 CeA A U RERIFIE A FE L RITT 572012, [K4.220Y-ZEX-Z
DR E K4 23@)OICENTIVUR LT, Cr'A A, C&' A A nTFnosa s, WINEE EFs L
AR MVIERRITHEIN T 228, HDIREZ B Ligd o, SOGTREEID I A~ 7~V IZ LA
T 5 ERET D L, K423(a)b)DT — & R, #ItFF O uRRIEEREDO6RA) &&= FitoX &
B —&L7[16],

C

= 4.5
1+(crc,)’ “

I=ay+a

Concentration of Ce ion [mol%] Concentration of Cr ion [mol%]

22500

1

N
[=]
[=]
o

1500

-
a o
[=] o
o o

Max value : ~500
(Cr/Nd:YAG)

(300 nm ~1000 nm) [a.u.]
(300 nm ~1000 nm) [a.u

0 5 10 15 20 0 0.5 1 1.5 2 2.5 3 3.5
Concentration of Cr ion [mol%] Concentration of Ce ion [mol%)]

423 RS AT RVIERED Cr A A, Ce¥A A U RN

Integral intensity of excitation
light of 1064 nm-fluorescence
Integral intensity of excitation
light of 1064 nm-fluorescence

0L !
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423) DA, ang 1T CrBEN 0 D& & (Ce/Nd:YAG) DOENHRE (E8). o lTEHK. Clzcr’
A F U, ClT Cr' A A DRFENIE/ T A —F —Th 0 N FMAPIHUED N3 70 2 g T
BFT, £7o. K A4230)DBEIE. anglE C&A AU IREN 0 DL & (Co/NA:YAG) OHOEIHRE (E
). ClZ CEAMAVRETHY . Col CDREMHN AT A—F—ThDH, A7 FVEEIL, $
FT A4 A OREIZL > TRV NS4 A BREN 1.0mol% Th HHA. K4230b)NRLEE D
12 Ce™" A AU PRED 0.9 mol%, Cria A RN 6.0~80mol% THh 5 & X ITHRRKTHY, C¥' 1A
Z NI L 22 W56 O i 2 Nd1.0 mol, Cr0.3 mol% & Hl L T 43 5 Th o7z,

4.4.3.4 N&*AF> OEMMIE S F

Ce’' A AL EIPMUTZZ LI LD NE A A2 OERENFMETI D720, B AL hv
AN K T dh o 72 Ce(0.9)/Cr(8.0)/Nd(1.0):YAG (25T, 470 nm JiliEE (2 L % 1064 nm 2D FHh o
WIE ZAT o 1o, WNFFMIEL 200 usec &R E o7, LD T-DIZ, 3K 4.6 12 Nd(0.1):YAG, Nd(1.0):YAG,
Cr(0.1:YAG, Ce(0.1:YAG. Cr(0.3)/Nd(1.0):YAG D :FHfm DR ER £2Rd, CriA 4 0@tk
MNFEWTZ 8, Cr(0.3)/Nd(1.0):-YAG TIX Cr'' A o DR LF— 1 F— R —Zh B T, L9722 Nd**
A F 2 DENFMIT 410 usec £ THER SNA[16]. b &b EEEHFMOEN C& A T DBEELTD
ZhERITHIFE &P CrrOBEERDEIZMO R EEHIPHD Ce(0.9)/Cr(8.0)/Nd(1.0):YAG TlEH M ER %)
FIIELBO NN T2,

# 4.6 Nd3*, Cr*, Ce**murtFfn

Material Excitation Emission Original  Effective
[nm] [nm]  lifetime  lifetime

Nd(0.1):YAG 808 1064 240 psec
Nd(1.0):YAG 808 1064 220 psec
Cr(0.1:YAG 440 708 2 msec
Ce(0.1):YAG 470 540 68 nsec
Cr(0.3)/Nd(1.0):YAG 440 1064 410 psec
Ce(0.9)/Cr(8.0)/Nd(1.0):YAG 470 1064 200 psec

444 ITRILX—EBBOER
4441 N&EAFUDEMPHNFRD Cr, Ce* REKRFMH

A A VR OTFN X —BEOBELEOT DI, FED 470 nm IR LI O 1064 nm 1235155
N&* A A O DR EAAFREREL, Cr*, Ce DA PREEL D BIURE I, [4 4. 24(2)IC Ce B EEK AT
PE. X 4. 24(b)C Cr@EEMRAFIER R, X 4. 24(a) 1I2BWTC, R(@4)EEF LR 6D, YD
CriREOYA THLIRNE BT 1T 47 TED[16],

0 4.6
1+(c/c,) “o
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T &, Ce™ IR EN0D L E(Cr/Nd: YAG) DL F i (EH) | 1,3 Ce™ R D3 D TV O B, C
IXCRIE, C X Ce* DIRETE N/ XTA—H—"Th D, CriREn03 mol%lh T D6, Ce/Nd: YAGDE
FNT B LT, Ce A AN LDIRET LD 2D FTONS* O L) E N FF 613220 usec T, [X14. 25(a)
(R TECNAEARTEZEDOREED 1 mol%DNA: YAGDH JEFFMITEE Uo7, Ll Croi e ps s
T B N O TR E I EFF T 2ARACHIINL . CrREH2.0 mol%Lh b TIE A RICNA™ O oy H it
Famnd LT,

Concentration of Cr ion [mol%] Concentration of Ce ion [mol%)]
—@— 0 (Ce/Nd:YAG) ---O--- 0.2 —%—0.3 —&— 0 (Cr/Nd:YAG) —@— 0.3 O 0.6
A 1.0 Q20 —&— 40 —5—8.0 —=—09 A 12 —A&— 15 —%—0.3
500 c 500 r r——————T
§ @) ' o F (b) '
X Fo)
3 _ 400f ] 2 aof
59 5'g
@ 300 fo O b ] o= 300 |
[ IEN 4
Eg | = T S
—-— . Ld
© € 2000 Og 200f B
e | S
393 =] X X
=
92 100 S@ 100} ;
5® B i
k] 0 ! Q oL L
b 0.1 1 10 hTi 0.1 1 10
Concentration of Ce ion [mol%] Concentration of Cr ion [mol%]

424  470nm FHECHEF D Nd** A Ao O ELhatFHm D Crt, CeX i B AFME

£
c a
5 a0 .
© s
S5 250
®9 :
o 2 2004
2 150
ol F
E: 100 |
°2 5of
g£ 3
= ok .
o 0.1 1 ] 10
5 Concentration of Nd ion [mol%)]
£ £
b
S 25 (b) , : £ 1009 :
R 204 P4y :
®g “7F ©g 80 ]
So 15 §= 60 ]
=< ; 29 ]
O 10} oS a0} :
"60 [ y— 0 F
qE,_E 0.50 | go 20 ]
£ [ g5 i
? 0.0L = ot
2 0.1 1 10 2 0.1 N
- Concentration of Cr ion [mol%] - Concentration of Ce ion [mol%)]

[X] 425 FWNT L7= Nd**. Cr*. Ce** Dyt DL

—J7, K4, 24b) R LT Crvi B AR BAL Tl Ce IR EEDY 0 mol%(Cr/Nd: YAG) 5 &1 (4.6) T
T4 T4 T FTHIEMTELLDD, Ce™ IRIMIZEST CrORREMITT 4T 4 7 FE R 72> T
W5, X 4. 251X Nd*™, Cr*, Ce*HIKTOHRNEHFMDLTOIRREERFHZRTXTHD, Crt, CeMBLT
(X, BB THI AT,
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RIT, Ce™ N NdF~D T X —ERIZ Cr* DB 5-L TODNENEER T HT201T, CrvdORINA 2
< Ce* DRI D F538% 344 nm JECHIEL7-55E D 1064 nm (21T 5D Nd*A A O FERhH 70w e D
FHHZAT o7z, CrREEDY 1 mol%Lh ED 7 L DRIERE KA 4. 26 (2R T, P OFERUT CrijR D
0 mol% 7 7255 Ce/Nd: YAG D Nd™* A4 D ERHIH Ot FF i D Ce™ IR LT L DA R T, Ce™ RS 3.0
mol%LL N TIL7 Yy A& T A TTI A L0 BIZHY  N& A AL D IR 72pa ez mny Crrdsiiicyo
TH TR SN2 ENMEGR TE T,

|Concentration of Cr ion [mol%]

500 —— T —— 0 (Ce/Nd:YAG)
- A 1.0
o g &

(]

(=]

o
T
L

2 N
o o
& o
1 1
P
D

Effective Lifetime of Nd ion
@1064 nm [usec]

of
0.1 1 10
Concentration of Ce ion [mol%]

426  CrroW UL D 7au 344 nm Y THIE L7288 O Nd* A 4 o O FEZhd e

4442 ER
Ce/Cr/Nd: YAG & Cr/Nd:YAG @ 1064 nm FEHORIE ATV (X 4. 18) DEEIZ K-> THERRS L=

380~520 nm (‘T,—=>’E)D 7 m—R /U ROFESHITRE O INEZ DY — I (L iE DT 71 320~360 nm (ZF1F
L7 a—R7peE—7OHBIE, K 4. 1777 Ce:YAG DOt A7 MLE—F L, 22 Ce* 14D
FLEHERT °Fy, 235 5d ~DOTRAFX —ERBICH KT LD THDH[43], ZORERND Ce* B NI ~D TR/
F—RREICBE L QWA ZEEHLNTHhDH, 22T Ce* Db NdH ~D =X — BB A 4. 27 ITRL
72 Ce*—>Nd&* (FBRH]) , Cr*—Nd* (Z'L—KH]) | Ce**—=Cr*—Nd* (i 5F1) D320 /L —MI/3 T THER

EESS
55 -

50 -
45 -
40 -
35

E- 103 [cm™]

30

25 T,

4
2 T
Gz 2

: 10 - =
. §F7/2
lop 0" Fs

Nd 3+ Ce 3+ Cr 3+ Nd 3+

4.27 Ce/Cr/Nd:YAG F D Nd* ~D T3 /)L¥ — B iEfE
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[ Ce’*—Nd*]
Nd* A A2 ~D T X —EBZCe™* > NI D)L — "N FET DI LA /RIE T2 TR AE R E B EITLLT
DAY T 5,

@O FhEEASRT NV OB TR AR AT

CrfREEAMEV N (0.3 mol%) %56 (B4 20(a)), Ce™ IR EE DS I3 2 & Ce’ A A 1T 13k §72320~360 nm
£380~520 nmDE —ZFREE TN T D AICr A AN KT 2520~700 nmDE —ZFREE T L L7RD o T,
ZOFERED, CrREEDMERWIGEIL, 520 nmEL T OHITIEEA E D CeMTRINE AL, Criafr S EHENE
[Z= R =2 PSS (Ce >NE™) LTS LD,
@ 470 nm ThHbEL L 7238978 Nd* Ot IcBIL T

CriREEN 03 mo%ll FOLAX 4. 24(a)), Ce™ R E DN I > TR LN A ETOEA

Nd* D HFEFFA 1K 220 usec T Nd(1.0): YAG (235155 Nd* D HeEFH (X 4.25(@)2F LD o7,

Cr/Nd:YAGD A, Cr* D8 e N X4, 25(b) =T IR IRV | =R —EBRIZCr )
NETDHIEL iof%?ﬁﬁﬁfoﬁNd”@afﬁﬁ 1ZIX4. 24(b)H D FEHET/R T IOITH AR TE420 useclZIERX
L5[16], LML, Ce*DHOEF X4, 25(c) T LITIEFFITELN =6 | Ce* > NI D5 D FELhHY 2
FOLFMIINS A A DEOLFHFm CHESND, =X —EBBIZCrO D TEL TR, FEIRY7RNd™ D
HOEFMIIERESINDIE T THHH, CrREMEWEEIE, Nd(1.0): YAGONAD e FMIZE L7z,
o TCHMTMIN SN = RNF — [ ZCr A AT & NAHIEREL T L LI TE D,
[ Cr*—Nd™]

N&*AF L DR N X —ERIICr DITET DL a R R T 5 FERAE R LB LZIILL T D) Th o,

O FhEE AT ML ORISR I BT

CriREN R (4.0 mol%) % & (X4, 20(b)), Ce™ IRNRENHNINT 5L, CriRElL—E ThHITbinb
HF | Crf A ATl KT 5520~700 nmDE —27 58 £ $,320~360 nm=<°380~520 nmD & — 7 L[RIERIZHI ML 7=,
Fio, CeMREN—EDOYLAIIXC R EIZH DB T (0.3 mol% (X4. 21(a)). 1.5 mol%(1X4. 21(b)). Cr*iRiN
T BE DSBS 5 L CrY A A 2 SR 5520~700 nmDE — 758 B TEININL 7228, 380~520 nm&320~360 nm
DY —7 I LT, ZOINTIAFT HCO R EN NG 2L, bk A7 ML A3Cr/Nd: YAGD Jifi EE A
NRIMUTEDSW e, ZHUEICrHRERE WG TRAF—BiEDILCr —>Nd* 2 H05FIG 2 52
LA RL TS,
@ 470 nm THbkL L7z FERhH78 Nd* O E O FmIZ AL T

4 4. 24(a) TIE CriREED 1.0 mol%lh EDLE | FERRIZR N DOHOLFMITE D Ce REEIZIBVTHI
L7z, ZHUEE )AL DO —IH HT cqoPHEBEINT 2720 THY | =3 LF — I Crr s iir42555
(272 o T2 B R LTS, LN L7 D3 D, BEFm DY Cr/Nd: YAG (1X] 4. 24(b) F D FEHR) D EHIZ 420 usec (2
FTIERSNDZENR -T2 Ce NI DL — MO FE(ET HEHIMTE D, 470nm bl TIE Ce™* Dk
AL | JREE DR CrTIFZIRD 72V, F, CrREED 2.0 mol%lh E TN Nd* O H
IS FEBEINU T L= D1 Cr i EER D D7 Tih D[ 16],

Crvf BEARAFEICBIL T 4. 240 R X912, CrviREEAY 1.0 mol%Lh Tl Ce R EIZ b H 32
A6 D THELVBIRMELZ L7, Ll CroiREER 1.0 mol%lV &< 0 & F28H78 Nd* D HotFFm
HINL (4.6) D FRUEICIT< /8 oT0, R@6) TTAyT A 7T HIENTERNSTZDIE, CriRED 1
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mol%LL T CIEFNESEDFAE D CeHITHULEINT Cremnd Nd* ~D = FLX —EB M Z 5720 726 EL)
By72 Nd* O e FMITIER SH 2 E7e< Nd(1.0): YAG O Nd*O# e HMIZELL, 1 mol%lh ECldfr~
IZ Cr A SN T — BRI Cr i3 E T 8012720 28978 N&* Oa tFmIER S50
) RO RN BB DIRREE & A TVDNETHD,

[ Ce**—Cr*—Nd**]

T, Ce™*e CrOICIFT=RNNTX —DZIFELDBBHLDTEAIN 2 UL, Crr ORI 2V 344 nm
TR L7= 556 O EIRI7e NA O IEFFMBARK D NA* O N F i LV R SN ECTHEr x5, X
4.26 | R EHIZ, 344 nm CRhEE L7-5220H07e Nd»¥ O # S EHFGRE TIEND EWVIOFE RS, =x L
F—EBRIZ Ce*=>Cr >N O —FRHHZED ATREME /RS, LL, K 4.26 ([Z7 vy MRS B
4. 24(a)D CriRENELWGA (Ce IR 1.0 mol% (A) . 20 mol% (O) . 40 mol% (a)) LLLERT DL, 344
nm Y& TR L7238 0 1064 nm (233155 Nd* A 4> D L&) 728 6 i 470 nm e Tl L7234 X0
HIRVME T -7, 1#E57C, 470 nm HEDOTA 1T, BliE Cr—>NE* Th =L F—E BN Z>TWDHEH|
Wrcxo,

VIV IARIZ K o THRIWE S 7Rz FVL T, Cr/NA:YAG D284 - ARG K B hie sk & B 5
92 O¥EHRIE LT CEA A DA THD Z L AR L, Ce/Ct/Nd:YAG OE DTN & | bl
AR A RIC T DWINIT RO R E 2 RE Lz, NERED 1.0 mol% Th D56, CeIREN 09
mol%. CriREE DS 6.0~8.0 mol% Td 5 & EFhiL h =T/ K hiEe A2 MRS HFED R R) 12720 |
Ce* A 4> Z RN L72 WA Oz Nd1.0 mol, Cr0.3 mol%® Cr/Nd:YAG (2t~ it yto A
A7 VR 300~1000nm T7 7w M CTHIUL 43 (5O FEYEEE RIATL Z LN TE D, EFLRETO
1064 nm (Z331F 5 Nd* DSy 7 7 mid, #9200 usec Th o7z, £7o, Ce ITIFERIMFRIRSIC
BDIEAEZ BT B & S AIIMIE b B TE 5,

ETo. FHEARTIVENE A A D IR A ORI TT IR O IR AR LG~ 3o M DT %
N —EBBEB R, CORENMENGA (0.3 mo%Lh F) X, Crta/r#7°, 520 nmBL FOYediEe
EIRCENTIN S, BN =R LF =N ES LD (Ce™>Nd™) . ZL T, CrrlR E ¥ (1.0
mol%Lh ) §5&, Ce—Cr*—=Nd* L Cr*—=Nd* D)L — N TO T RLF —BB B IND0 , Cri i B2 N4
DI TCr >N H D DEIA D2 HZ LB O LT,

45 F&OH

VIV IAEIZ Ko TRWE S BRI, 7SV 7 i IR OVERE A B IR C & 2 wlREME A R LT
0. B LI R T Iy s Ol E S LTRIHTE b0 B bND, £z, AR
AL UMW LR 2 E~ OIS AR L B2 65,

ZL T, ZOMKRERWDIMAIEIC L - T 8 - IO E B v — Y — MR L LT
Cr/Nd: YAG 3 & Uf Ce/Cr/Nd: YAG D CHRFMED R & ik 20h 28 2 i KU 2 BRINTT 8 Ok B b &
TV, TNENOILHER TOZ R LF—EBBIZEHL THBELITo T,
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F5E IERIEILEA S KDP O R ER BF K
FO5E FEEAFEESR KDP DEEREHEK

51 [EL&IZ

ARETR~2% KDP k0wl B BB RIEILmE B R & BB BRI EZ@ME L2 b Do TH Y,
FESREFEOEFEMEDR E & & Hlza A MERIZRETERFNRE S, ROBRSIM & AFIZ L 2E
HE DOEBUC L DUERD FIEIZHRTE L OEMIEE S > T D,

1R, LA D L 5 K OR Y — LD ESNLERS IR, mEEREIC
£ B K OIFRIE I FAER OB RIIVLHEOREL 725, S HITKMEMIEIZIR ST, KDP LIS D%
7R K EEVERG B A W RO R ORBICOEA TE 5 2 EnEifF S5,

52 ORHBIIHEE O MBEOIICTH 2, MRS PICEVIAEN D72, LE THE 2B K
T D0, BRI DD D1 ERHE OMEE R AENME L 705, MERAEICET HIFH LY 7L<
BRRTE T T D720, BED T2 O T OIS TR EMETH D [1-510R1C IR & 5
T2, MEENEAE, BIET L L0 b RSERETE T 52 LMD TR TH D,

3 DR E LTIk, BARMIM OMEMEIC L 25 2 X FOIREA BT b h, SO g = 2
MIFEEBEOBR T A M| W - ZEREORE I IR "0 s, BERERDS KA LTS
2O T, AMEEITERMIBNIZIZAI L CTHERL, SEEV 250 mEEHEO 2 X MIEBIZHK
T5,

A ORISR EON ETH D, BEERCIXIEBAEZ —EICHET S Z ENAETHY
EEFIE DWW H F I L Db E O F 2 T & 5,

RETLL TSRS @l H 8B RO EMNIEL, WKAR TER S 2 T TOR b BRI H FTRE T
b EEZLI, EEISHSOFERARETH 5,

5.2 BRARICHEITLIERMERER (6]

Fh AR RITERRTF D G RF~OMIEE CTh 5, 2 O%EOERT &1, MEmPARET 572D ORI
(CAFE LA ICH D A E N D OREEZEIR L TR Y | BFF L I3 E BT 5, R & RIS
N DM 2 IR0 B BRETIE, 2R - Wil - iR L bk % TH Y | iR I TN T OBREFRI
J& L Cilgim S5, RAHAER T, Ml IS TR OEFEEII 72 0 K< WiRRERICB W,
THRERN TH HEERTOBEEIL, 2L A EDOEEITRY, —F, BRRE TIX, REHORE
DRGSR TH OB L & FIREEE IS @, D72, SUH, RIS BRI AR JIRIFER B & 0
SNTWD, £/, WIHAER T, WK OWET+ OWEIREOERE & . TR OWE DRI
% 2% s Fnate = B8 I 5 L= H 5,

LUFIZ, AHFSE TIT o 7ol R IZ 31T 2 KDP #fh @l B R OB O PR 2 PR D 57212, ik
DEERIR DFERE & 70 DURMRE . BIERR. whishkdR OBREN ), b R L Tk ~5,

521 BEE (7]
VBN —E B ORI T 2 TR IR 2 VAR &, TR DU % T U 7= i % B &
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9o WHE DM IR ELIENKET 203, 2 < OLEITTEDREME TGO L S I2FE
ERTLENTE D, AH, VFEMEL [Jmol], RIIZEER TH D, CITEEDENFHE TR LM
FRETHY T, WHIXZNTNRIKIBET,, T, [KITOMZRT, K5.1UL, WROBME (C,. C)
CIRE (T, T,) OBREZTRT, BWMEMRE Y MR T, ZERRETHD, —FH., BRE
fhAR L0 BN, AFVAIR 2 i HE Lo iReafiik e GRGERIEL 1)) T, IR B RERSRET
DARLERFEIRTH D, WP TIE, WHITD . A F . AT OMPREREK (V724 —) &
LCHFELTWEY BfafENREL LD L, TR I LICEA L TERERRME 25, Ll
FERIIFEMBEEORE A2 T Th, T <ITiTkisn BE) OFMITEZ &, R ihiR & 135
(2, FEEREE A R T DR OIREE L R E 2 RS A IR STEAE L, e mpafnhit & v o, AR ih
HR & AR AN E A B E AV RIS, YRR E BRI & PR AL, FEE R AEITE Z Sy (F IR
T&5) ., LT, WRIEECOEEISIRET, ORISR AE LT 5A OB E o 13(52) T
EFRIND,

(Cl) AHmln ( 1 1 ) 1 @ EaFn J@ﬁﬂ*ﬂﬂﬂﬁi-
In| —+|=——220" — - — (T,>T,) (5.1)
C, R \T, T, o il

L

4
o=(C-G,)/C, (52) c mmmmwm ]

2
FEafn
| T2l 8 | T1 |

X 5.1 VafiEE i & ik odRhe

5.2.2 #RRL 8-12]

WREFR CIX, KRODLTHREIZL > THRZRLF =N EFLTLES, & IINE1D
L 72 DS A BATIUE, B OICHESEOEITT 5, F7o, fRVERNICIFET 2 Rl ogees
DL E RV EDEDSEE L H Y . ZND A —AERE L5, Fhilx L, BuEBD - oOIC4E
Ul W B E ] 12X > THREMISHEMENE CDHARDH Y, ZhEB AR E L5

W KEVEREROA T AERITENZERLS RN EDONEL, A 4T 5 & LTH o FHIC
EHLL KPTHFL LTFELTWD LRE L TRUV[13,14], fAFIRELL EOKERT TH
DTEAETLIMEREAL, 7 7AZ =R LRDBOHRELTNDEEZLND[15], 2D T A
H—OB Y E LT, BRIICR S U D56 O — ARk & [Ffk CRIEIL e, 2 2 T,
FIEB RO b EERRA VN CThHBEFERT OV 7 AL — ORI X DA A BT 5729,
B — AR R Tk %,

B~ I B TR N AR SN D56 ELERVEIRIREED D ZE iR BICAT T 5720, A
DHBETZF VX —ZLEES, UL, MRENETD L, MR WK EOMICRENEL, 20
S ORI TIED TR F =2 b2t 5 . MBS 5 B T 1L X —DZ{LORF 5
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L. INODOBAICE > TRED, ORI O B = VX —214k 6 G 1%, FEEMEIEDEREF
ThH5E. OB GEEZIHEL CTCERRODEKEOEAZIRETH EXGHD L HicEERT LN
TE, WAFREE CIIX 52 D L H T B,

oG

4

0G(R) = _TAW%RB +47aR’ (53) 6G(R) ===/ =

simulnB)-n(ne) G R

X 52 KEOXZEROEEKELTO
AR H =k L — [7]

TR A p TR OACRT b EARTROIREE, DS &IH %30 DTG
DALFRT v v v u D7 FESMEDOEREN ) ThH D, ngd XEERPOIEFEEE, o ZEWR N mE (B
RO E) OFRIMEABATRLX—TH D, ApIZBL T, BENEFIT/DS OGS OR R
MNEDOHF LI E TR OEBOEKR TOENDERN TE RN u(T,p) TRD SN D, (5 3)DH
—IHITRER IS I DT XA —DIR T2 E®R L., B _HIEORRIC LY REFEPIERT 2720
DRMEA BT RLX—OARH GERE) ZEWRT D, BOPEN NS VIEIT, 5 HOKEA B =L
X DOHIK N HH ORI LS HH =R X —DIR TE LRS-, 0GITBRE RS, 70
fER, TR —DERNT AT L, OV A XL UREBITE Z 57220y, L, B b
MOFRRICE > Th DR (RLEE, X520 R) LLECHRET S L, ikic k2 AL
F—DOETRRE HHE= RV —DOAHE BB S, ZOHEITRPRE Lol RT3 —HK
SKETHDIZD, fd b ER MGG & U TR 4 5,
FEREZZOVEORIZEENDFEFEN TES L BOBHHT T =L 6 GIITKRAD L 5
272 %,

v
0G(N)=-NAu+4n 1 el (5.5)
U

F o, A RITIRGI) T OGRNIRKIE L 72 DR THEN D, RAD L H TR BN D,

20

R =
ngAu

c

5.6)

L7zmo T, A ERCTCORR=R VX — IR CTHETE 5,
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SG(N,)-2E & (57)

oGy
A =i
AT AN
o=
~~~Nc B N
g IR
B ~~\"_ AHN

X 53 BEOKLTHNOREEE LT
FEERY H B R L — [7]

H(55)T. SGNVITAREF (FiR., Au<0) OIRFETIEZ, K53 OFEMH A O L ITHFIIENT 5
25, mEEFn (IR, Au>0) OIRETIEERB OLIIZRD, Zhnh, Rl TORTOTA & Fi
WV A D L EDBICEEND R EE (K53 D) Na2RDDHERGE)EED, LizR-T, K53
HIZRT R OIS, BORAEN N 0D EfEaITEM L. 20 &R LIS & LTIt 3 2,

_32m o’

_— 5.8
‘ 3 ng(A,u)3 ©8

5.2.3 BRSNS RBGE TR
i EZ n* s HEBL 3 2 B TERBG OfEAT > & . Kashchiev I3 AR & L TR Z2ETWB[16],

1@#,ﬂ=1{1+22(-nmem{-m24rﬂ , (m=1-0) (59)
CIZT LITEFRE L TORERE TH D, [ IRPMIFELTHY . WATAES b TV,
T=-24k,T. [(*k .AG) = 4/ (n3k .Z?) (5.10)

kg IRV < U, TITHERHEE . AG 1%, BSOS 15720 @ Gibbs ® HH T R/ F— k.l
FEAREE DO REMESE T, Z 13 Zeldovich (K7 Th 5, 53 FOEENGEERE~EBE L, fkam & LTHT
HARE/R 420 T A X — DDA y(n*,0) 13X, (5.9) Z BB L TH D B T g 72 0l = % H
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WTHGIDD XY IcRkREND, ZOBRERSAIT R LTZ, 7T AKX =7 LOPIHIREED B 1% Ar (n*)
=(n27t/6) BN TEREESIAE LA D Z L0V D, 2% TGS R AR & ) 9,
PEIERFEIE, I 7 A2 =il <KTFT D, — AN B 2T LR IE Tl B
BB T AR — T XTEBET HIZIIARRE L TWDTED, < DI TAZ—%EFELTNDHEEZEZT
B, (o TREVEIZ X202 T X 7 — ORI, BIERH A LR S22 & &0 | IRERE TR
HEALTEAEICE D BAFIIREBEOEL EFIR ALK T2 b D EEZ B D,

S

hE: 12

= | 10

o B s

&%

:b”\4

x(n* t) I(t—:r t/6) (5.11) B O, Delay ©)

- )

0 S 10 15 20

B¢ [hr]
54 BEEAYAXLULEOT T AL —HD
PRI K D2 b K 221k
524 fERBEDEENN [6,7]

FEEREOBREN ) 2 EHRT H L X, EEROBRM CIE, BREM &S EOMICA L 2 m=r/L
XF—OHHGEEEZBRETLONEND LN, HOLRERE S Rolfidh Tl (a6 E).,
RE TN X —DFHFHEELWET L LN TED, EOH, fhdmREOBEE) I TR T 2 Akt
OALERT > > v (TP };m%*amz%%ywws(z,a)@%A pERD,

A= u(T.P,) - ug(T,.Py) (5.12)
EFRT o VOZEFTER TR AF—DZETHY | FHRmAEHRRZICEDTUIRO AR R F—4

{BIZEEFIE OFEIEIC L 2 DT, BAEFARIRIRE 2 C,. R CIEETOfMEEL CcC L35 L, HHRHxT
INVEX =M EA L IZATO LD ICEERT N TE S,

Au=RﬂmC-mCQ=RTmé; (5.13)

N

Eit E XD EDEBIOXG2D) LV UTOLIITEETE 52D T, FEdbE OBKE) L@ aafnE
oW EDBLDOTHDZ ENENND,

Au=RTIn(1+0)~RTo (0 <<l1) (5.14)

525 fEmBRE#EE (6,8-11]
AP R, KRR . IRIRRE., BRI T TR L b iub 3, KDP FEsEBRIAR D X 9
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IRATHEE IR T ORI R OB AL, KRR S IZER CET AV CTHIANARE TH 5, KAHME & 2
IR% DL, RIEEEOLGE MR COWERE MNP EE L Z L THY | WHEOWHETH TOHLK
WREPHEHE 2D ZERHLRTH D, Fio, W LI EE DS S 2 B g o e b 5 IS A
NDVEND D, WIRERIT, fEEICHEAS T (FF) SHZAEND Z & TR, LT
WD RERHEIOIRIBIC & > T, T OREMMIIRR D, £ 5.1 R T L0 I0ehizm &R E T 2o
CRES KR END, Fo, FHLmTOREKREDSHE, A7 v 7 G OBMEIC L - T, Rk
B L RESMEDOBREN ) A 4 DBRDRZ2 D Z LM B TWD, LLUTIS RV & PR m, £
T ORGSR RIEE & AE L OBEEN ) A 1 DBIFRIC OV TR~ 5,

K51 REGRRRIEE O

HSmaORE

Fni-m THREE—F | —BAEE

I8/ REARE—F | ZXAREAE | BEAR
SEERE
IN—R TR RTLyK
MM AL ( BCF EiA)

5251 fHEmBEXRA

1927 12 Kossel 1, X 5.5 1239 & 9 72 BAMINT FHE 1 CCTE 727 /Ui dh (Kossel crystal) % FU,
(100)X°(001), (O10)ME Z# TN ERICHEZFED LN TND LW ) B TRAHE, (11)EEZHE 04—
A —TMMATETND &V FEHRTRERE &, 5E42H TOIRA RS2 HmIIcER2 L
[6]c MRRENLZA&F LA U A ZADONHEREAES 2 & REam11) TR, RS L TR
2N —ARICHTE S 2 23 22l TIXE O X 9 LRI 2 570, BERICEER S TICH 2 58 am i,
55 LIFR-RVKS6ITRT LI, KEmix (77 R EMHEN D 5220 Th 253, HAL5)
F i) FI@EmEInieslnTods (A7 7)) L ZRUlih> THEET 5 B0+ (1)
OPNMN VG TH D [T 7 ) PHET D, 2O, TRERT] SENonEE o7 TH)
T I AMBIRABIRITCLE ST [225L) 728 WAWARIEENFET D,

<>

o0
i

4

0

N
0:’:
M
)
)

)
i
A
i
il
0
0
)

g,
)
L)
N

o
A
S
NN
o
=
N
N

NI

;

5

NHIN
N

[ [ 11777
N

<
N

WY

55 =y [17] 56 fbARFREORIE

FEELREE Y Dtz & DRl THOMITsZ2EHTE5, mizmicix, X 55 1R
L7Z(ID)ED X 5 7R8fif 2 7 mn & | s RSB R S R A DB NS RAE TS T 7 = Vi
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BICEALORH L, FHAEIZFRF LV TEHEARR (77 By ) ThO., 56 17T T7F %
YT 5, TR EICHDHAT v 1L, ATy TOESHI-VOHHRZ R LF— (HHZRL¥—
WEE) bbb, TOHMTRLE—OEILRE YL 2T » 7 OVHHRF (FEROBFE) 1L
TEDLD, RENEH L TRDLENEAETLE, 2O R LXF—NFIZR S & 5T
JEIcHE s e < 20 CRER & LCORERGE (7 7 &y ME) ICEZRO BN TETRAE L 72D,
il e PR R B R T OIRRBIC Lo THRAR Y | SR CIEAMAERE., FHARE TIRREME Toh
%o ULTFIZENENDOREHEICONWTIERD,

5252 ftERE

R N FF LV THIN O SV E Th 256, REEEX, Ri~O AFFEFE T, &£
7 HBEES DJRF KT EDELGE TRED KEREELZ VR —lH720 ORFEZQ L35 &
EREIILLTO L1252 65,

V=0, -J) (5.15)

BHRIREEDS C ORBE P TOAFEF ORI R A v, TR OWRE 1 D3RG D I3RS 44
ET, ZOPBEBEMTINX—% E,, & T5 & NFHERPHE DB Tve e/ LREND 72
O, EEREICASFT L HEFEIILLTOL 51225,

J, = Cve FusltaT (5.16)

—J7, RENDBEES D5 T ITREZT ORKTH L DT, JRFDOHAD OH#Y G > TV D HIF
IREE Cs COAFFFEEBEEWR D ZENTE D,

J_=Cgve FuslbT (5.17)

K(5.15) %Y
V = Qve fuT(C - Cy) (5.18)

ThHH., EHIZRGEDGDE W REEHB D,

Au
VzKE? (5.19)
K = CQve FultT (5.20)

(f
S
4
()
&

AT, PR ITAESE OBEEN ) A 1, b GIREIRIE A S,
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5253 REMRE

WIZ, PR HE TORRE AR RE O ) OB & BESIT Tk~ %, KT OFE7-Edh & mft
WER 5.7 WA T RO RBERICH Y, s RE CIAE S T3 L R OFHREICSH D, &
2> B4y FEZE D) B ATRRIEBERR O 2 S OFIRIT, TRREMFIRIEICH 5, & 0L
CIXPERERE I AE L - B E R S, BEEN CIIREREAR N H 5, Z OREARNEE
T ARG R ENZIE W IATBRED ) & 722 0 . AT RS OB TR SR S o TR 5,

PRI Ko THEHRE R ISR U= Fldfb s R micin» TR L, B & AR OES — 1L ¥ —
PRET XN F— L) RENGEIEHFOEREICRY . DS WGEICITSREICRET D, 77
AN G LTy FIdfEdh & 1 HOR S TROODOEWEIRT L2503, #E0N/ NS WO TESICKEN
DT 2226, 77 A LEBEITAZ L TED, 77X LEBEILIEGA, BB AT v 7
WG S D LR L 2 HOREZIED D TRAX —ICLET D, SOICHTNF 7 THENT

X AL & ORITIL 3 HOREE DR S AU b RERIRIB L 20 FERO—HE R D2 LN TE D,
FERR TR ZSA FE T BRIT A T OIEB) = XL X — DRI TG L E T CTOE (BB ORAEL WHET
KWZEIT D, LT, FUT THORHDIEIAT v T ICR> T FoRELEZZ gy, %
YO IRAT AR o TAERRET 2, ZhaipmmR. b LIIERRE &V H[17,18], MIZIFE
BRFD7 T AL —EEOBE LR LR, ZIUTEEORETHET AL THY | 1ERDRERBED

NN CA AN

& \ EBBE(REAER) | Bk GBIRARAE)

SSSSSHL H ]
Nettt g . 1o ©° @8 (@) -

~—@ d
t] mmu—m&% °
MEREEE DRSS DI o KHLI=OF5R 82—
o O (o} 0 © o
. @ © . & o g o
o o]

(o}
o}
DA RIRILF-
°®o EETALY-
@ B o
@ o @ o@ oo e 02 OA(

o 8 M o & od— O g~
o @ @ o° o° @«-° o€—O0
D © . §§° .‘/ooo "V\O ¢

[¢]

KEL AR EE S
[(HIRICLBROBRE | [HIPIcL2BBEOBEIL KR FORE

R

e @ FHMHTF
TR by 3

= F//:;;;ﬁ&mm> T ) o BEOKHF

HEEE BBEER @

X157 FEdaFe i COWMKIRE L IRE DT BEET IV

ATy TR E LSEAmICR D &, L0 R TRTHIRBIROENER S, RERE O %
FUT72 %, ZIRGTEIERIZIE, K58 IR T KO3 2D NE 2 b D, £ —2OfMmE L
T ZRICEIT DI TR SO B EN B 5, WRIZ, — DOk b CRRFZIEAIC o
IR E LD A, BEAFDOBO BIZIIH LW ZRGTTIITERR SR W ERE L2 SR Th 5, =2
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HiZ. BEFEOBREF OO EIC RPN IR T D E2FR LIENA—RA « T R« A7 Ly KET
ILTH D,

’/Qgé =

Bk IN—R TR AT

X 58 —IRICEIERKD 3 >DET IV

INODTREEIERTIE, 772 (Z7ty i) TEALVEATZDTLHHORE S L L
ToXoricEREN%,

E~k,T/B (521)

BIFAT v T OROHMNESHIZY ODHHTZRLF—THD, ZOHEEZYEROHRTH D LIET
HET 7 A LETTRIEENERT DROBHRZFLF—DRE, LITOLIICEERTILNTE
50

2

R
AG = - ”Q Au+27RB (522)

ZITQRUIF D OEMT, F IR E 2R XL —DK T, FHIIEO™M Y 2Pt
ATy TOHHZ XL —Tobb, ZOEBEXIIRTEX 59 DX, 7T A LD
NAG DERIZ/2D R 2B A TE, REFEZSR2NWZ AR LTS, RIFHKG2)DLEHIZ
#£xha,

0 aG
R. = —/’)(5 23) 2rpR
Au
AGep-----f--o ‘ AG(R)
R.OW, AGIIBRATUFOL S Ic£END, o R \\<
_ o417 R2
Q 2
AG. =m ﬁ@%)
u

B0 59 % R O RIEOHA BT R/LE— [8]

LU, EBEICHET 2 BIXEREOM/ N e b O T, IWIROBAIFIE % LT TRt sh ik EBREN ) Au% K
L TDHE, Rew AGLII/INEL 2D, RAMELIFABEICETREL 2D L, B b EIZL>TR=~R,
D (ZWok) BNHBT LA REMENRIETL 5, ZOMREREEE v LB AuTExS L. X
510 1TFT L 51T, Aud/hENE I3, FERITEE LRV, AuMkE < oo T RIEMER S
LRI D L HREEIZAuE EBITHKRT D, LT, AupP -+t RE< 0L, BWgic<
SADZRITCEPAEFEN TSRNTZEIZR D720, AR Z 8 5 BRI <,
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BRRE

ZREEER

BEafnE
X510 TIRICEERREACISIT D EEEY ) & pk R EE O BEfR

5254 BEEE

W. K. Burton, N. Cabrera, F. C. Frank (%, - IRIuAZHANMLELZ25E) LU T ClIfbsaicR 23 E 2 672
V& D IR T AR PR &%ﬁm%%wﬁfk%@ﬁwgw#%é LR Lz, FERICIHMRBEam O
WEECHREMEEIR Y, SEABMSREOIEEF ISR Y | 2 O RREIZEZ LT
WHERY . A L THEMAIFRIE THIVUIRRITETT 2 2 & 2 L7z, Z4ud BCF Bim & Kidn,
B RR RO MFE R & 72> TV D [19],

HRE AR Z RO nIE, K511 O LITRT X IZHRAMRNIZIH > TAT v I RE> TS, Z
DAT s TOWEIZRF AV IAENAT v 7T LigRET 203, A7 v 7 O—has a5z Clk
DHNTNDEDRIKD 2 —6 DL HIZAT v TN HLOFE VITEE N TnE | RRORT
Tl D, AT v TIIMEZIRPO EAEARSRDZENTE, ~BRRTDEAT v 7)<
725> TL¥E 9 ZRITTEIRIT R TR EE SR

X 5.11 EmREO7TrE X [6]

BRI TORT v ZOFTERE v ITEREN ) A £ IZHBI L TND EB X BNDHD, AT v 7R
PR TEHLTWDEO, OB FEABHET X, A7 v 75ET)- /IR THIEREND, ZOD
RN FDOEEQZENT T bz DILFERT v v VIZET & BiEEE IG5 25)THRT
ZLEMWTE D,

R
=KS(AM—Q§) =K5Au(l —?C) (525)
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ZIT, K FEAT T OANART 4 7 AMEETHY | R ATATERTRER B/ NOFETH D, ZOHUL,
2T v 7 (ZOMHRFE R) PR RATEHTET IV X—HITARNI 2D | FEHIT A 1 585 Z
LERLTWD, LBHEADOHFLLLEENT-E ZATIL, >R, THATOIC _HEIIEHATE S, £
foo AT v THRE L LT D8 HOREEHREIL,

a

s 7w (5.26)

V=%V=K

L0 R 1 e T2 DI Iy D30 | BEE Iy SR LRI BT T EL D, A(5.25)
ERAT o FITEGHENR D ERE LR SN AT » 7 [=19R: £ W [20]. G200 TFD L5
ICEEBRZOND,

a 1 a 2
Au=—K.—I(A 5.26
Slch u 1950 ( M) ( )

V=K

5.2.5.5 Back—force effect [21]

Cabrera & Coleman HIZE 25 &, HHEAOPTLIHIZIT 2 EKEAE D FOREIL, £Di DA
Ty TR FERYIAALTND Z EOFH eI T, Rl LICAT v 7REFEELLRVGE, HDH0IE
Ay T T HFERNIESEATORKE LY bE<2>TWD, 2O L5 b EAFLOBEIFIELD
ETFICEWN DT EE AT v TORIRBIAD O R EERENME T35, 2% Back-force effect &9,

5.3 BREEICLSEEBE RN [6,22]

REHEGR T, WRRED 2B, 77 v 7 AER EORIBE R EARREROKBNXIZ E A L7220,
L., BEEIRCBWTUREMIZIZFRI L TH->Th, WOBREFERNSKE S B D7-01c, Bkl
EOEHAENRES R D, Z 2 TIIAHFEMUBER CTH D7D, FHUCTR > TREM R BRI
izt ~2%,

REL T CRER NE, ERERE, ERERIRNEEN & 5, RER TIEITERORE 2 o
FEXO T, 2olfafEis —EICRBRP LM AR ST HIETH D, HRIGERIEIIRE 28
REHITIBAN - 4692 HIET, RERMMEAEVIHFLIREDN S 5, HIREIERNEIR, B2 2R
BRI THRE L GREFIRIEBICT 2 ik L, A A OBXRKEIZFIH L COREOREZ BT 5 )5k
Th b, KDPFEROBERKIZ, ZNODIFEAEDFHETRBEINTOD2, IRER FIELS O HIET
TRk 2 Z2REEDNAE UL #EJRD & 2 AR D DY o PR GIETH HIRER FIETERBMThND
TR TH D, AT Z OIRERE TIEARA Lz,

IR RS Nk, IR ERE ., THIREIRIRMEIE O RER 2R BT IE ORI & BRI #R 10 & L TIREAL
7
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5.4 KDP f&mD %%

KDP (KH,PO,) 1%, VU B —/KFE Y 7 A ( Potassium dihydrogen phosphate) DREFRT, KEEMED
AF R THY, vy VEORIZE LI NIEFENEEERM TH D, F=2 U —IREN 122K
THV, =) —RELLTOMGFEMTIIRG SR G - mm2, ZZWRE : Fdd2) [ZEB L, ¥=2U—
DL EORFEMATIRIES R (B 4m2, ZEfIBE © F4d2) [CBT 5(23,24], ¥ = U —{REA
FEHIGRTH L0, EFBROEFBEARE LTACHOAFHSA TS, 22T, ESWRTR
DHEFHBIRL L TOKDPHER D E/2 R %2071,

KDP## gt D As-grownfZ L, X5.1217F L 512, (I0DENAH2RLHE T I > R & (100)HE2» 6720 |
FEenEh a, b, ¢ ITER LTS, KT EHa L biTZE L {74521 A, 136974 A TH 5[25], fhdntkiix,
X5.13128F L HIZPO A A v EHA A KA AU THRER SN TE Y [26], 51418 T X 52, 7
U XLHTIE~A T RAER, 7 Iy NETIRT 7 AEMEZ DT NIIHOTTN S,

ESIvrm@E

>

) A LE c

(100)
—
a b [y
— |

\/ a=bxc

alblc
[} 5.12 KDP # s D As-grown J& [}]5.13 KDP fign OIS
ESIvrE TUXLE
+ + + + + z z » —.b N
L) ‘c Jo Jo Jo 4 . 8 T g . %
; a0 058 939 50 | et B g el e
090 930 038 850 838 9 -?43"!!.? ’y

pde 0l 0% 90 02 sde : : p

e ,;J tl 89 00 00 e e, an e, g0 e,
20 ° 20 J0 20 02 %7 To? %" Te %
}.ﬂ. "‘0-. ‘.Q': A F R JH: i ril B ¥ ® 4 4 - 5]

. ] oda 0% @3 0¥ o @ a®a a®

Foweo, SR 038 088 028 TR B3 ifeluls futels o3e
o 4 4 S SO &

e K

5.14 KDP #&gh3% i O BB O RE T

L —YP =R EAHFEF L L COKDP O #EIT, LTo45TH D,
O FERIFEBDRKE N,
@ IR BEINC DT B IR EFEIRO Y L CE THh 5,
@ L —H—DmHEEEI E,
@ BAESEO RAULEMR ML SN TWA27], (X515 1R)

BARR) 2R BB 2 3252 1R, RITIL, KDPyFHO/KE 2 B /KRITERR L7 RN TH
% E/KFELKDP (KD*P) #lshOFE SR Lz, KDPHidE 01064 nm?D —fFE i &4 (TypeIl) 128
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T % IR E BIIKD* P fib DI FE R L 0 K& < TAEEER AT AR 270 —fk
HY 720 R ZE B IIKDPRE A 2N I B AV T 2, KD*P#E AR 1T, ST 7RSI T O WINAREL S KDPiS fi |2 5t
LT ML/ EL | BUC L D L —V—BEICRW O, B, BV IEL VA L—HF—0D
WREAHFE L L TER S TS, £72. KD*PRES Tk, BROCFEE rg 2KDPRES O 501 E
RKEL, Fa2 U—iRESLKDPHEG L D BIRIZEWED, AL v F L LTORy T AAEMITHND

TN 5,

PR s doa R ¥ ::"?f""” 7 Ay " vt
4 5.15 JREERE TIEIC K0 Bk S 472 KB KDP #dl O 55
7% 52 KDP, KD*P fgh DR [27-29]
KDP pKD*P KD*P
AFR KH,PO4 KHyy-0D P04 KD,PO4
SRR MARRGAFERE) — EARK(BFEN) — HHI
1 * 453 K
* al)—BE [K] 122 FKEEIZLD 213
BFEH [A] a (=b) 7.43 747
c 6.97 6.98
FBHTE (@1.064 pm) Ny 1.4938 1.4948
n, 1.4599 1.4554
HEEAfE [um] 018 ~ 15 0.18 ~ 1.7
AR R 3K (@1.05 pm) [em™'] 0.05 0.003
ERBAFEES d,, (@1.064 um Typell) 0.38 0.35
[pm/V]
L—H—i8{EME (@1.05 um/1ns) [J/cm?] 5« 10 10~ 15
BERAEEY [pm/V] Py 8.8 8.8
Fos 103 25
FRERE (@1pum) [kV] 7.2 36

5.5 KDP gD afRE

KDP, KD*P flighid, IEJ7dh & HRNE & BFERTRER iR OFE S CTH 208, FIERIE 2RI 2R
LI EZEHAELE L THERAFRETH D DIXES MDA TH 5, EJ7fhE HRWE CIXEME N2 0 |
bbb B RO LR HIENC BV TR B EERARA M ThDH, IES7E L HAROEMEIRIT. b
DIRE (IR PATERS ) TRELTEY, L OWEMERFHEERE A A2 I LSO iR A
1%, [%5.16 |Z KDP,99.8 %KD*P 0¥ fif FE thift A <9, AR IR AL {8 L C 8 2%, 99.8 %KD*P
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i el DO A T XA AR AR A S 3K 35 CCC. ZAu L 0 EEMICIEIE Hdh L 0 BEEE O 30T L
< I Z VAR MREE SRR CIXIE 0T LB v, —75 . KDP CIRa AR i/ 2% 100 °C
LLETH® Y [30]. Z4VLL T OIR S CIEIE Sl 3T LS W o —fRAYIZIE KDP O R IEX 5.16
WRT EIICEFHOHRINDZENIFEAETH D, BER FIEIZL > T KDP fEiEERT 5
B2l 50°C—30°CTHEMEZIT) 2D TH D, ZAUTK LT, 99.8 %KD*P #tidh D H.

Z OIREFEIL CIXIE A db L 0 RO G LS < EHEZ LI 5 72O IZ1E F b Ol fafnE %
FF 5 e HAMSOBEMEN LY RE R BEREOMMLSTHLTLE S, —H, ZODOHELN
Frd 2 &, L0 HACKHT 2BAaMENRKE WO HAREN LY KESKELTLE D,
ZD=, BEAFLFEOE KD*P ik OB KIE 30 °CLL T TITV, MWEWERE 2 2 72 IR I o <
T ADMEN D, Fo, KIREER CIIEME OZEE MR, lEEEL BT 57DICKE
DB RVERZ W L7 < TER B0, 2O XD eEROH L X L0 KD*P A TlE, X515 17T
KDP &gt D K 9 e RBIDFER I HAL TV R, 7235, WAREEEMEEIRR AT 517 1ITR-T X 91
FARFRIZL > TEM L, BEARFEMIED 80 BLA T TIX 70 CLLEIZR 5720, EFLO K 5 RERD
PRI S VX E KR L3 80 % LA T CIE A L 722V (30,31,

Lt
€ ot
10T 1 KID*IP L :s:é
- [ —— 998%KDP e £ ol I
o - KDP &
S 100 | (E &) ! E_ ol y
Q F g o
S BREETHES S =5
=] =
5 | : -
— 50 | ‘:.3
14 r KDP =) |
3 : (EHE) o0
wof S
0 L Il Il Il Il o i N 5 % i 5
0 20 40 60 80 100 89 60 0 80 W 00
REBE [C] DUTERIUM CONCENTRATION IN SOLUTION
¥ {MOLE% D)
5.16 KDP. KD*P DAz dhih 517 HEKFGHRIZ LD EEMRE

FRETER RS S D 2L [30]
I : EHFEEBHTH LS W
I HEAEEHTH LS W

5.6 =nEE RERMTORF
5.6.1 BRERBEIZIHETHHERBRERE

EIRE DS TEEaRE 2k L oo, MRREEZMET2] 2L THhD, Zihid, 1€
KOTSRS T D LT D502 R SRR bR L 2BKT 5, 20
FEREHE AW TFET D 0% | WIRRRICIBIT DR MRE OFBEEL 0 B L, fidh e H o
FIEE L BI85 25 3HITR LK 5.7 ZHWTHERLT 5,
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Je . WIRRRIZBIT DR O EEREORMIL, LTD 5 K TH 2,
O HEFoEZE (REARE) 2#< T2,
@ bl Lo TRAT DEREBRET 5,
@ WIHHEMEND 7 T A 52 — ORI 0 il fafn 2 E8l4 5,
@7 Y = RBRETHEREZITI,
® SRR REIN CHERETT 9,

EHOIEZRMDERE (REARRE) 5875, |

BRJE OWRE AR E D 2R R IRV AL ) L 25720, fifEdmE THRESED
WIZIE, BBEZES L, REAREZRE K TLHLIENRLETHD, BREOES 03T OWE
53 F DIEBERE D, WHEORNE 7. WROE v Z AWV TUTOX S IZR T Z ENTE 5[32],

(5.28)

N(528) LV, WIROIEHEE v PBEBIEDIEE 6 2 THRESRBER LR D Z L Rbnd, Bk
FEERIT, SRR E D IR IREFE LRV ERE Z TR L. IREARZ RE T L0 kD, £
DGR, TR ~OWE S+ OILHUS L DI E MG EHE R RKE <720 | FidbpREE D H < 72 5,

EHQMERIEICE - TRETHEBRERET S, |

T RE R IS BIEE L7 ) TS SRR I LIRS AT DI EVE R R CBRE L, /mRm
FHEOMREIFI IR T2 P32 Z EBNEE LV, ZTOROIITRRE B ST 0ER’H 5,

ULEDOZEHED, @&V, @EERICITRHEOSEHREDBLETH L Z ENHEFTED, L, 1
KOFEAAER T, FTRBZRIR D ANELS N 5 2 & 2l iE L 7R A R TIa b v e Sh
BY . ZORHERO SEF IR DR SRR O R E T T 5, #E LRI CTERZITH72 T
T2 520 E SNTWEEIZ, AMLIND S Z LIk > T, FHEF COMRITHZ BT 5720 TH
%o FFfEam SN OGRS GlEh) 3 FET 2 LWE N ENTIEE S, FREm O BF R RE S
H120OTHD,

HESRRAEDIMHNCIX, BRISK OB E 21K T2 HNERITH L3, —H T, BRGEEITE
B OWMEAFE OB TH O . —MRANT R IR E TR S ke A O E R AR L, BigiaL LT
(TREIFIE DN ERITELGIT D, o TR BRICIE TEBAFIE 2 2#a LoD, Mk I8 4 & il
B LW MR TAEMEEMZT I EBNEL D, I EEBT 57D LE R SN RITHE
5@, @DTh D,

ZHQTHEBRANDISRAI—DHBIEIZLYEBEANEEZEET D, |
RHEDIRE DMK T LIS ARSI HifafmiRie & 72 5 & FIHIIC K& 727 T A X —DIFIET D
SMETIL, L LBRETIHEREY A XD T A —DAERBES THY . HENBELEL
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Bo ZOL D IRREETIE, mVaafafiEORMIIRECH D, Lo T, BRI OB T, IR
ORISR D 7 TAZ—HHE L TBL 2N, BEBROVLESETHDHZ ENRNSh 5D,

EH@N D) —UIIRIBETEBETI. |

HESR DL & 72 5 DITRE LT T <L SMBBIBA LA A MR EBRIZRV G5, A MY
DIBADIN 7 ) —  REREECOBRRIK, M5, BRAGROMEEZT TR MR TICH
A MR ENRAT 2 2 L RWEHARXOBERAGEZMNTERT D Z EBRBETH D,

EHOIERARTEERRNTEREIT. |

W EIFNSIE T T OMER DI AT, 5.2 2TH TIb T2 & 912 FHEHID S ORZIERIC BT 2 B4R IED
LHfFCE 5, BIPRICIT—EDORHMZE L, £ ORHITREOVIIREBITKGET 5, TOd, &
fi B2 R OO LIS AAE T DHER S IR L2 W TEZE R (X 5.1) 13, IR PSR F T 5 &
WA D, mdIEE R FIRESERIEZ IR AL T 2 2 L & DT, MR DRERER YA X
DB RUTLEEL R N CHERR TS A 2 i C & 2Rl E R FRENFET D L BEAbND,

5.6.2 VSR —EHIC LD BEEFEDZER (33]

W, KEVEREGEOA T AERIZZNUZE RS BV EDONREL, A F 1 bLTzé LTHaFHALIC
LELOTL, KFTHHFE L THFELTWD ERE L TRW[I3,14], 2 b D4F1%, SufnjRE
PLEOKBFEETCHOHEETHIMHEEZA L, MRy T AZ =% L, REEMEEZ#REDIKLTHD
EEZDBILDS5), ZDT2, RO 2B EFFIRELL LIC L2720 OB Cld, WEIEZHD
DADREE LT T A —RIEL L CTFIET 5 LB 2 DI AH[34], milbafnE 2 a3 5729
FEEIZIZ IR V1D 7 T A X — % L CHA LT A RER D D, 7 T A — %50 D12iE, 48D
MO —% 52 ZVERHY, ZOFEE LT, B - T8 (BEFK) =3 X—7R2EnE25
N5, LLTFIZ, KD*P OFEKEIRIZOVNT, BEH8 (BE) —xLXF —I1C X2 @i R o
FERAE R AT

5.6.2.1 BEEICKDEBEEIFIE ER D EIEEER

IKEEMERS b 2 IR RS TIE CHE AT DBRITIE. BRCRHE Z MEH L2 TR & 7220, il XA iR =
BURGE L, VAR CURE DM B R 28 L CHEIEAR BOBEEIIAMIT 5, Z ORFOWIRE X 45K/
S EFIREE DL FICERET B 08, WM 27200 72 BIXWRIR L 1T AFiEE L 0 b BUERE R R, £
ML EIZE L 35 2 &idev, BARRHRZ RRERH], AR L0 SRE TIEAT 5 2 Lk & k.5
M. T O XLV R RTRE 7R f En B A RN OB AR, BB R KR A T, X518 1
AT LI %ﬁmef%ﬁ%fcwﬁ%@m%%ﬁbt%zwwunﬁﬁéwﬁﬁmﬁ%@a>
PRI L7, WRmEAO%, IREL T, UTICRE TS, mfafiikig & L7es OMERERE T %
HE Lz, @R o3 NG 2) 2 v, fafiRE & U GRABRIEIKOIRE (C) LM L7z
TORFIRE (C) YU TIED., BEKR LT,
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T+ AT |-
AT w/o temperature control
T |ofrememmmmmmmm e
s w/ temperature control

g

2

§

g D

g Nucleation starts

=

Time

Duration of over-heating

X518 WEAIBRICIT HIEBNERE, B J K ONEATANE O EIE

KR AT o T WIKILE/KFE L KDP (KD*P) VAT, 999%E K (T4 VT v 74h) LRk g —
U, BRI U 7 ANLERK L, 0l um DEA O —RE AL TA LT LT 4 VE—ZB LT HD
RV, fFnRE (RE) X, /NS BRBOM & E REMRBRERICZT, s FRCEnoT
BOESY) DET D0 EET 2 CTHIBT L, 333 K (72.3 g/100g Dp)fé@é & E R L7, pH fE!
42 (natural pH) DIEN>, K5k 85% V I & FrffoKE- (b U O A2 FINWTENEIL 32 & 52 1T L
b DEYER LT, 5 O 2000 cc 2 H T AR EALIC AN, T 7 o BB 2 FUV 100
pm TR L7,

T, EBVEERFEIEORBR I, WEEER] £ 1% 18 FFRIZEE L, 1.7 K/hour CTIREAKE T L.,
i O T D IREE 23R~ 7o, HES O HHIE 7 ABIER & HEAT IS O B AEIC X 2K O 2i7s
LR L VIRE LTz, 72, BRMICHESEEN A U D8 B ER OB O MR 2859 579
FBRICH W RER72 EOWe, g, AT, 7T 72100 D7 U —2 )b—ANTITo7z,

15 5 N7 Fe AT OWWBEFERFIEE X 519 12T, JIE ST — 2 I3k OB TR &
INTED, o | FTEVE L TV W IRFO R W] REZc Il AR | BT L o TEERL T RE 2 BN A it
FEE, AT ITRENRE CTh 5, MEIREE AT O Lfﬁ@ﬁm‘é Eﬁan'-% AoV

-2
o =0, +0, expl- KLAT?) (529)
ARINARH pe
9 200 pH32 | ML”HM il
= A —"“"’
g2 100
-] - ) 7
B Py e
= A A e
E 50 9, ,4 ol pH52
; ,
5 T 4
| =
]
<2}
10
0 5 10 15 20 25 30 35 40

Over-heating temperature [K]
519 EEGLERIZ L o THE b Ll fafn

BB DS 15 K DA T TR BV OB 031G S 0T R BVLEE 2 L CUN RO REIZ BERK FTRE 72 18 AR N
FE215 BIZHE L o7, Z LT, op ETER k ITEKD pH I L, o, 1% pHABEIZELBI L | & 13 pH
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ED 027 M LT-, AZEERTIE, pHEA 3.2 O KD*P AR TV s NS b, @k L7k

W AR (TS BR L 23 K, i ERRH] 18 BRI DD T 120 % T - 72, pH ZIRIZE L T, K
%4%Vﬁ&k%ﬁ@ﬁﬁ%ﬁ%ﬁﬁ?éi5K@<tb\m%4ﬁ/ﬁf®mwﬁprﬁ ED )5
P AR HIRTE DO TRV EHERTE 5,

WA, BB R OB AE M & i L=, pH42 O KD*P IAIK 2 \ENE 1L 25 K—EIZ L, i
BURF[E & 28 2 CIMfufnfE 272, £ OMO SRR ERFEEZFH - L 2 LR CIC L, #BREK
520 19, MEMRFET S RV ME S IEm < 220 . ZORMTIE, 6 FFMRRE T R MR L7,

WAL | TR BNR L L M ERER ORI T H V ( MERITS UCIRE LM Z T2 2 L3 FRE T d D,
Bl ZIiE, REOFEREE BT 25615, RER FIC X 2% EOHTH &2 #0372 D ICFIRE O s
R EERIR A A2 03, IREMEREE 23 @ W) IR ATERISE LT LE, HEEUGE O LB E O JEME
EREUHE LRV, 20K A, WEURE 2K < L CREW 2 & < TRV, 2 Oft,
AR OB R CIISIKIEE 2 @R T 2 EMEDONMNEZ D2 2R H DR, 2O L5 RGAITHH
BURFE (K< LT, BB 2 K < AU RV,

—_ ; .
g O v
® 40
5 0 e
o= 30 F
s E L~
&o20
2 :
% 10 .
0.01 0.1 1 10

Duration of over-heating [hour]

X520 @EGHFAZ Lo TH S5 AN EE 0 By i A7

5.6.2.2 BERIRILE—EMIZ&LSEEEEFEZERDOEIER

AR RZ L 52, BIRE CTERAVLEIN TEX 20 E 9 REAICE, Bl XX —0fhic s 7 A% —
EREEET 2 5B 22 TR bRy, EHIL, —20OFELE L THEEEZ ALY —I2L57 T A

S —fRBED FIEERE LTz, DLNICHEEE =L —HINZ L0 @i fafE SR cx 5 2 L 25K
Ak L 72 EBRRE R A2 R,

B > KD*P I8k (pH4.2) (TEE R ZHIINS 2 ER 41T o7z, 3 FEOWEVERE 25K, 10
K. 5K) %L T, %25 kHz D 800 W DB EW A FIIN L, £ DOHINRFH Z 28 2 TR L 9 2 iy
FUEE R ~T, fERA 521 R, @BEGERE 25K OB TN L (@) LEBHWEMN (@) Ak
L& EemimfafnEICET SRS SR AT 5 b L E 4 R ERE S e, ET — ik
530 TEL 74T 4 7 T&EI, ¢ [T, AT 1TRENEE ., o, mEnBEAFIE, o, 1T A
R0 LG A OMBRE TH D, iz, v ILREME DO LR BT ARERTH Y, TOWIT
HIK P OWRE bR T D HEREE R L TV D
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o(r) =0, (AT)[1 -exp(~1/7)] + o, (5.30)

70 . S .
— [| —e— 25K :L e ° ]
60 H--m--25K+AC =, iy S =
- [|==eepe=-= 10 K+ AC L, 1
= 50 T SK+AC | g / )f{
= e ’/)/ A
“ 'l
v : L, ’4
% 30 _ ;// L
E 20 T g
) ‘
m%‘ 10

0.01 0.1 1 10 100

Duration of over-heating [hour]

521 BEEEEINC X > TE S 2@ A0 E OmEREE | @R
AC [T F W Z BT 5,

FIAEN LR 2 WBIEE (24 K, 22 K, 21K) T D72 @B OB R k2 . 5]
FHIEEINEE U oo [F 4 CFfF O 7ol B fn B o BAR K7 & el U7z, iR fnigEEL 0%k
(WEOEMRERE) 2RI LT ey b LM ZM 522 (77, EEEORINOAHEIZ
MINb LT, REEROWE (B OEMFEERE) (THENRE AT (L THEINL, £ o i
ZERCTHD, /o, BEBOHMN G 256 L 720WGEO T 7 MMy BERFINC X 298742~ L
T, FRIAWTBEBEE =R F =D RIIAT R NVF— 4 K IS T 5 2 LB nnoTe, E
BRI NS I BRI A ST — & LCidd e < RRH ORI IFKIRE 2 1 CRE EF X
HIZTET, 2 LRROFERTIL, ERRIAIEE I —EIZ2d K)o IchlE s Tng, Lizid-> T,
T T R X =KL EN D E LThH, 7T A Z —OREEITRE T 3L X — TR 4 % 2
DIRTIERNWEBZBND, —FH, Kot LEESFOEISHEEITHYE L O T, BEENORER
TR R— 2T W To KO3 R CEERI T 2 RNCIE D 7 T A X —43 L BBICH 22T %,
FOBED Y T AB —~DTRLF—EEDNRITENE B EZOND, &OITAED TICEERI S L
BT RNFX—NT TAZ 1O x VX — %z 5 &, B0 1010 T A% — LA

T HAREMES B D,

— 3 e e I e o s r—r—r T —
=] L :

: N i i i //

e 2.5 Lo T & w/o Acoustic energy

é [ —®— w/ Acoustic energy

e

15 |

-

Reciprocal of time constant

N
: “
os | e //
NI o LLE . v« S0 D
0 5 10 15 20 25 30

Over-heating temperature [K]

X 522 JERGHEEIFIEE OB R AED HHEE Sh o
Vo J3E 0D T BN AR AT
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—IRICHEE B OWIUL, BEE DAL E P EBDNE NS L > TEY | # LUWPERRRRICSER 5
DIZHIROEFRIZ D302 T EATEA LTV D, KO TIIWEIZIE £ 72 1 X Br YR SRS |
T45%, I70ilis e FFHFOWERERH TR LE—0NZ L, TR L IRE) O = R L F—
(BAx 2 —TORMEEENL) ITBAITL TV, ZRE0 IR E W S 23, £ O 5 FHIBERE O
TR ¥ TWRW[B5], 3 TR T, WiEx L= SN TWDRIEY 7 A Z —hiE
EZENR L L THIMH S & FRTE 5,

5.6.3 KDP {ERDEEE K

WENEZ WV, IRERE TIET KDP fEdOEERERE1T o7, BAEIL. “EHETHY , SMEI
BEay be—Hovrd—bbe—%— AT XT7 TS TWD, SMEOKIRE 2 R
0—/L9 % Z L THERRMY Th 2N OIREFEZIT/R o7z, K& 2D T ARE R I FEHS &
DOHICIREE =4 =D DO o —% M0 (T 7-, HEPEI IR — L& W CEEE 2 mh LS
BRELENE BT AR RS 72, BRESIRITEEYED R ) pH B 32 ICFHEE L, fd
FHRFE 725°COLE D% 23 0%Ef L7, 0.1 um D7 4 VX —%18 L=, BEEE 285 °C, b EFRT
5O AT o 72, FEFRGmIE 8 x8 x8 mm (afil xbiih xc#l ) D/VED As-grown sk & H
WV, FEEEERE AL 100 rpm T 40 RO ROES S, IR T, GBAAFIEA 10 %I 72 5 IR A
HATUVY, TR T X, #5725 50 mm/day OIEE TRE N FTREZREE (KDP) AT &2 5H L7k
R RERIERICEE Lz, K52312, BT AE=F —IC L0 I SR O 2R,

| ‘_' !
adhn O er -

1205 (2B%f) 360%> (6BFfE)
8404 (1385RS) 1200% (208%R8) 13805 (23F¥fE)

X523 © 74 E=H—IZ & VIRE SR ERR ORRT

BRENT-FE (X524 FR) ORE ST 62 x 62 x40 mm Th-o 7=, afiliimoRRIT VL 24
mm/day. c i 7RO ERIZ Y 33 mm/day Tho7o, £72, 80D E IR A T 87 x91 x 90 mm
OFEREBELNTWD (X524 £),

I b EHE TR L72BlE, X525 12779752 x 52 x 31 mm OfEsE T, a #5716 O plR RIZ 4 45
mm/day. ¢ Bl 5 [7 D %5 31T 53 mmiday TH - 72, BEERA1E, SaFEE 80.0 °C. B EEEE 20.5 °C,
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WBEAEER 10 FER . W AFNFE 25 %, JEERE TR 70 mm/day FHY, FOftiE EFE EFRIERTH -T2,

X524 &k E L7 KDP X525 53 mm/day Crdifklz L7- KDP
E:ﬁ%ﬁ’%%Sxi&xi&mm %E‘IE&I 52 x52 %31 mm
o 62 x 62 x 40 mm B R T AT U7 M
#i : 87 x 91 x 90 mm MREAFLTOD

BRI OFE S A OB A 526 12777, X524 FRoOfESIT ath, biie b ICKENETIZD
WCHER A Aoz (RREEE) 28 FH- L, X 525 Ofiga® a iiIiFE—EOFETHREL. b
BT E D ET IO TR D D L=,

1o 24524 ROF 4 2525086
E 60 _ —e— a-axis E 40 - +a-ax§s
= E | - c-axis g 135 O c-axis
= =
g 2 sl o]
Z; Z} 25 i . s -==2270)
) ©o 20 g O . "
o F e
s S 15f
3 S 10T
72! s | i | n 5 F L 1 I 1 L
0 500 1000 1500 2000 0 100 200 300 400 500 600
Time [min] Time [min]

X526 @EEE T ORRIZ & b7 9 bt ADZAL

Flen AR IS E R ST MERL AN AE L TR WEIR DI FnEE 2 [X] 5.27 0 KDP # di D RN T
—HZRE LTRLE, BT, 1ERDOEM L T 5, 1EROERM TIIKFUIR L7z & 5 ITIREIE 50°C
PAF. AR EE D3 % D FEI TITHOAL TV D8, ZHUCHA_EHEERITIRE D 50—67 C. mfafnfE
1030 %O il B AN CIThoiv T b, Fio, FIT SN HEREREIL, MR TR Lzl
STV HHELEFEK[B6] LV b S ST mma i ERIILR ST,

WE R OBEIFIE & g 2 B9 5, X524 FROFEBICE LT, BAFIE 10 %05 HERK
ZhR®, fEdm2Y 50 mm/day OEETHET 2 X 5 ICRER NEELZ 7w 77 A L7y, EBRIZIE 50
mm/day O—EME TRRET 5 Z &id7e <, B & & HITREBICESRE D EA L, 2T 30 mm/day
Tholz, ZORER, Fif b TE o TZEENRHR OWAIFIE 2 LI, BREE TIREICIE 25 %R
7o T, F2, X525 OfEEE Y, IBEIFIE 25 %0 b BERE MRS, FEEE2Y 70 mm/day O TR,
ET2L0ICRERTHELZ 77T A LA, FEEEIZIE 70 mm/day THET 2 Z &3 <, K&
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EBICRHEOWRAIFIEE DS B30 . BRBAAGD & 9 K] OWRE R CHEG T HE U7, HESAT (BRI O Al
FENE L% 28 BFLE TH-T=,
VB ehbib BT 5720121, MEEEODL ERRNE HICEHT HIMLERNH S, REHEN
WA IR 5 2 & L i 2 — IS - B EEL L2 < TE e b7, EfafifE %
— I BT 2B AT LAOBRII5.6Hi TREL <k D

® [S5.24FRDIEER

R5.250%E &

70 , | .
=) .
N 65 |
o g BWRE
o = !
S b
K St 30% o0t

50 £ 20%
] - |
;ﬁ 45 SRR RAR
fé 40 GE" E1EE [36]

45 50 55 60 65 70

AEEE [°C]
[X] 527 KDP DAL KR & B R ICHIE S v 7zim g

WA B D B RS A A & s RIHE O RIMR LV BT 5, B R ORHR O AR %t
LChEfh cTOREHRELZ 7o v b LR 2K 528 17T, FD v R (o) id EROBERK (X
522 k) BEDH T, (O) XSG CTHIRIT o ToBROKE R TH 5, P OBMEIFIED 10 BLLT D
R LT — % (@) 1E, #E STV DR T37]. B E 271 L TV %28 Rmax O EfE (fF
BHRREC X D) ISl 2 & 2AF TIERE QORI AIFFE TR O - @i fafi s8R ©
DOTF—=ZIFWME SN TNDET —Z OIER RIC L HEE L, G025 072 15 % £ TOMmEIFE & iR
HEDORRIT5.25 4 HITR LB E#EL R L TW\Wd, L, WERED 15 %L LTIk E
HENME T L, K Rmax OEBLPLANDBKEL 2o, ZOHRIL, 5.255HITRL
72 "Back-force effect”|Z LA FERTH D B 2 bILH[21],

50 .
2 -
g 4 F £a ]
0 : 1
o - 4
o %‘ 30 [ .
£F f |
= g 20 - .
s = - ]
E [ 1
= or <“—Ref. [37] ]
&)
0 | | | |
0 5 10 15 20 25 30

Super-saturation [ %]

X 528 R B RGO EAITIE & R EHE OB
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5.6.4 ‘.E,‘ AR KDP #& S D% 14EETE [38]

H kL TR DAL KDP fifdt ORI 2 f -, 1EkiE (BREREE © — 2 mm/day) TH LUK
FEen ORI & B UTe, R e, Sl s AR, it L — P — GBI W T T o e, T
A NP TE K529 17T DI %ﬁﬁﬁﬁin5m:%Lt&mﬁﬁﬁmﬁ%ﬁﬁwﬁ
< EDESINE 62 X62X 10 mm OBRIZ Z > b GEdbHE c S TwELZ D v F) TEIVH Lz, 7€
%&@Fmimnmﬁﬁm®t§‘/hﬂ\®%%#6wxwxmmm®w%:zﬁy%fﬂwmb
oo WO L2V 7 VkESE D c i A 22 " m A2t Lz,

VA

POV N t|°55 v KBRSy

|
R

@ 7Y ;Agﬂ{ﬁ SEAYY T ES3 K &
e}z o
whin i )
v
“50mm ” T 400mm

=R E R A WRETHRS N 158
4529 HEHEREEY 7080 H LALE

— BN L7 FEER I S OF OB LI, BRSO S < SERICE DT, T
X LRV FE RO DN G LV IThns, UL, BRI A A2 HIRE, U X

LEEET Iy N COERZRFTT 5720, FFRmOE D2 RATL, Z07), X229
IR T LI IO EGERS GEVRE) OEITT Y X LESOHR T, Fh X Alx7) X

LEEET Iy FEODEENTEY, TRIATIZE Y T v I FE 2 GRG0 T 5, %
7o, PERIEDORBIFHBTFUVHLOBEED 2 BT 5720, Al AR Ce A A Z0MLT U XA
Hoy DR A B LT\ 5([39,40], D72, 7Y RLEMTITE AL ERE L2, ARFFETHEML
ERERIEDRE Y T id, BT 2y RS OBRNSR5,

ZOEDIZHEH SN TV EWT, ke, BB maRi e A, WL — Y R EREICE L
TRl 21T > 7=, sHlilZ & CR—H > 7L TIT o7z,

5.6.4.1 H@EFHE
FRA LY MV ERIE LI AERE X 530 (2R Lz, ASPYEHINS 5 mm O~ A7 20 CTHIEZ{T-
to%%&®¢b%’(w® ZATEIS 350 nm LA ETH D DITEA | & F RO O 085 (0)23
400 nm LLb, JEESY (©) 23450 nm LAE & SRS 2 B LT, fie b I D R & 7)o 72 285
nm TOWIUREL \%%&®t9‘/b%\@ﬂomCmatwL EHBERIEO YT X v Ry
()23 005 cm™, 7 U X LES3()D> 094 em™ T o7, £72, 9501250 nm DT ARFMEILICI N T H |
BB R ) AL E BT 2y REGOZEITR N0 720y, TERIED b OIZH A~
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PRI DM R STz, @S RSSO 1064 nm TOWRIERELIT 0,058 cm” THEHRIED 0049 cm
LV 20%KE Do T, FRAMEROWINL D2 BB LT, @l B Rk Tk B i 38 7
W, K FDEEEFTPICERY AE NS <. OH HEDOIRET — NI X » THRAME O WL A8 L 7=
ZENRKEHREIND,

100 —

8o [
60 f

a0 |

Transmittance [%]

20 |

0 i Il L L L 1 L —é—‘ . ~:
200 400 600 800 1000 1200 1400 1600 1800 'E”zﬁﬁk’f

wavelength [nm]

[X] 530 KDP fifigtDiFiE A~ kv
77 7WdD a, b, clTHEKNTRTHEMEICHY T 5,

HE B SRIC X, SAMEIE OB RISy L R CRE RENRBD b=, [N
OV A% TR T, A HAR Y MEIE~ A7 203 F T3mm I L7z, K531 1IR3 K528
LY TNDTA4 2 ANS T4 TICH-> T 285 nm TOFHWFE AKX 532 1Tr Lz, BHBEFENDEKND
SITFESR DT LG E L Gtely & —H LTV, N THEREOARYE —24 L T
HIRKIZ, 7Y XALEGOWINTH L Z LB LN T,
HE G D 7Y R L OWMFREN R R E W &R, BiA A o AR O LD IA B ZJFIE 2
bHEEZBNDKS514ITTR LT L D IZKDPAEFED 7 U XA LEG T~ A T ADEREZHOTEY |

A A2 a2 WaE LT WEE 2R, D7D, fidhF ORHEL D A I8 & SEAMEI DO W D B
Z ST, CYHEm

G H |
XAM| < B
— c

X 531 FHERSAAREDOILE (K529 &%)

m

T
-~

100 T T T T T 100 T T T T T
— —e—A — —o—E
&2 —a—B 2 —aF
2 80 | cH — 80 - —%x—G
[ @ —a—H
b —a—D (%) ——1
S 60 [ S 60} —o—1J
k= k=1
E a0l E 4|
[ [=
s s
= 20 | = 20 |

0 1 L L L L 0 |

-30 -20 -10 0 10 20 30 -30 -20 -10 0 10 20 30
Position of X-direction [mm] Position of Y-direction [mm]
X532 #EEEPNCTO 285 nm ([Z531) DGRy #i

124 -



5 W IERIELT A KDP O &g HEE K

pH4 ORHE CH AL L 7216405 KDP #fidh & . pH4 & pH3 ORHE TR B RIC £ > TH B L7z KDP i
DENZENDT Y ZLE Sy, BT Xy FE O8I, « BB OWIN A~ ML Z2RE L, [REHLO
FERTICE D 4B A A4 > &% ICP( Inductively Coupled Plasma ) &0 HT CHRIE L7z, &l B R
DT A NPT MIT Y XL BT Iy NS OIRIET 280138, 7 XAsbRLIntr
TIWNET IV RALEH G DHNORD, BT 2y FEZICEL THRRTH 5, WIRAT FVIIERR
#5331, MmTORBA A BERS3I RT, KERTD@Q— (DR TIT—HLTWD, iz,
KDP F1 D4 @A 4> D ICP OE TiX, KDP Yo 7 /L& MUKICHEM L CRIET 528, ZDE, KDP
IR EW & FUBRE AT KDP T L CLE S, 7 NVOFmREL LIFHEEZITO 729D, M
HERFUE AR E < RSN D,

BEAE | @ | oH
3 ! ! ! a F=3:d T XL 3.1
g 25 | Ee | vxs | o
S 2} - o | ww | essor | 42
i 718 s AE RETaE
g 1 g [ g | == ES3 K 4_12
g < 1
-~ - - 50 200 250 300 350 400 450 500
Wavelength [nm] Wavelength [nm]
(1533 KDP fitiga D Al « SRAMEIOWIN A~ 2 kL
# 53 KDPiidh T O&EA A4 &
E5.300) $o7N AR D 1A E8FE [ppm]
#ic PH Fe Al cr Na
KDP#f ¥ 0.4 0.3 0.2 110
b ) 1B 3 - 3.5 0.7 —_
(PEEEDH)
ik <0.01 | <0.005 | <0.05 | 0.12
TUXLES
— eE 4.2 <1.0 0.82 5.7 2.4
a E1 3.1 3.9 <0.50 | <5.0 | 0.77
b %2 3.2 <1.0 2.9 <5.0 0.21
c %3 4.2 8.5 1.5 <5.0 2.6
EFIvrE S
d HE 4.2 <1.0 | <0.50 | <5.0 2.2
e E1 3.1 <1.0 | <0.50 <5.0 0.66
f k2 3.2 <1.0 <0.50 <5.0 1.8
g &3 4.2 <1.0 | <0.50 <5.0 1.6

FERTPOERA A EICBE LTI, TXTOH 7T ppm O Na A AU BEFN TV, Zh
1% KDP #BHZ 110 ppm & D Na A A BN E EN TV Z L2 K D25, Na A A U FEESMER O WLIIC
FEEL KTSRVOT I ZTEHMEICLRY, BF Iy FESITITERAFIELZ DT, BRI
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FEOEBBA A ATV IAEN TR 5T, 7Y XL BERGEZM DT, Fe A 42 Al A A
V. Cr A AU ppm BV IAE N TV, TERIED T U X LEHZIZIE Al A A Cr A 3 REE
6.5 ppm & FAL TV, ZAUE, FERIETIL, a, bEIFMOEZMEI L. ¢ #5112 0 A5k & iR
EHDLLEDICAIA Ay, CrAF LV EIRML TS TH S, IRNEIT, BRFHRICH LT, AlA A
2507 ppm. CrA A 7335 ppm FRE T, 7 U RAREICA AU BRE LR A IED D, HEREDR
DT Y XLESEZ DO X IR EEIH ST 5720, BIRERIET 59 A X0H 7 L pg)y
HES WIROREIATOR > T, @B AR Tl ICRIEDO X S ICA A 20T 52 LTl
RIS, T RLEHFIIZED Al A A, Fe A AU BEENTEY, ZTOMED pH3 ORHETE
B S 7 AES I 3.9ppm. 2.9 ppm, pH4 Tl 10 ppm TH 72, BEIRIKDOERIERE, A A L FEIC K
T, MERPICBRVIAEND G SPNRRD Z L 2RE L TWDEA, SRIOFEEIDIX, SRIMEROWLIX
% Fe A A DRV IAHBEIZE o TR EDHMDA LN, £72, KDP JFMEIFIZEENTWeE
AF U ELVFER TV AL RO IAENTZEDOFNZN & LD SR AMPILRINAIZHE 5O
T U R LECEEET BN D Z ENS ol BT 2y REDICIE, EORESIC B RRHHRALL
EOEBA A ATV IAEN TR TED | EIEIOWIN AR MRS D & AT Fv
BT T A TO TN REORRD DL, T OEWITRHIRRLL T O R A A DR A &
DAL DO, REHEITERT 281 KMa, SRERINE 2 — BEBRENGETD O
G TRY, 7Y XA L TIE, Al A 42, Fe A 42 OAFEDZWIRIZERIMNLIL $ KX )
otz LEXY, @BlERAESO T Y XL OWI OB N KDP M8 L 0 B iAEn-&RA
FUMRRTH D a2 2 LR TE D, FAMEBO WA K Z WS =05 m i L B o s
WFAMTIEME T 503, Kb BRICEMEOMEZ VD Z & TRINO WA B RCRTRE T
BN THD, £lo, TV ALEHGOMREZMHI LY 7 Iy REDOILK AR D725, a, b
iR OFRREIINTI[41,42], T X v NE O I E SR 2 6T DRI L IR TH 5 &
Bbohd,

5.6.4.2 SHG %%

% = Y SHG (Second Harmonic Generation) %§42 588k 2 3% & 1053 nm Nd:YLF L —H%—% T
T, IERIE PR E ORI 21T o 7o, o 7 VRE SR IS Type 1l O & TL—HF—NAS 35 L 5 Bl
L7z, L= —DAR >y MEIE 1.6 mm TH 2 7 /LOHFRZRY) 5 ERR L4 10 mm BT S SGHIE L
Too MIERER LV IERIICTF I dyo FEETFA IR ABp. MAREES M 6, 22K OT2, FIEINT
TERL ds (TW RN R L0 T L7 [43], R ER 54 1R,

AR UTZSCHED 5 6, IR TFIELL dss AEEFFA AR AB1, 13 1064 nm Nd:YAG 12 X 5K fET

# 54 % =IOt SHG JEE O SRR R

HHERETHHRL-BE |SETRL-ES M E
iR EY d, [pm/V] 0.435 + 0.017 0.446+0.016 |0.38 ref.[28]
A8, , [mrad-cm] 1.37 1.40 2.1 ref.[28]
8,0, [degree] —— 59° + 7" 58.9240°  ref.[44]
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HDHMR, ZNHOFHEIIHREICRE KFE LRV, 1053 nm & 1064 nm Tl E A EEWD TR0,
RN EI dsen FOFERFALAENE AO, DIEIT & BICHERIETHE K L7 & @B Ao <
IR ol B E OZEIFIMEROBEICEI S b EBbd, mlE S OMNABES A Om
(TSCHERME & K< —BL T e, Blba s o T, @l E R i I ERIE DR S & R OIEBIEE R
RO & L7z,

5.6.4.3 ML—Y—i85REE

it L —— G R 2 3R D 5 FBRITIE K 1064 nm, 7S/ ABE 1ns DY > 7470 A Nd:YAG L—H
—&E RN To7Tz, L= —t— A& E AN 35 mm O L X TH T IVOMERE LY c
FIANC Smm OALEIZEN Lc, L —Y—OmEIIRCF & 112 REMWVIRET Lz, 23 v MRS
(LA Z T /R o7, FERIT. MERIEDM L —F —HEBIFIE 156123 Jem’, SiEE ORI
Ty 3 REYIN 1814 em?, 7Y X LRSS 43114 Jem? T, Bl B AR O L — W —HE {5 B
IIMR VRN E R ol

5.6.4.4 EBT7——LICLDHEFHOHRE

MERETH R E L KDP FE5ICIW T, BV =— LRI K 2 #E S O REER 72 78 O FFIEIZ X 0 Tt
L — W —BERENSES LD 2 E N SN TVA[45-47], Bl B R TRl i B 38 42 L 7= Y
EDMH L — P —HEREOK FICEG T 5 AL BE L, KEELOREL T =—/ L DRHE
fba R L7,

fit b — Y =G RE ORI E I o H o T 2 dEKUF R CINE, BRiG L7z, KDP &k D 1E 7 fh/H
B OIS L 453 K THLHDOT, A7 =— /32 L VIRV 428 K & 448 K TIT o 72, Alidnii
NS B FIHERS S OB T OIRE T, MG O ELZME TE DIT L, fmkE 3B &
niRREICH 5 L bbb, 7V OIRE EF SIRER TIXT TS Ty I R3EAE LRV D
(2 8 K/hour THillfH L7z, 7 =—/ /L #4IZde D MITE & [RISMETTT - 7ot L — Y — 4B G RIE D 2k % [ 5.34
R LT,

428 K "C 5 IRffiH], 448 K T 48 ] OEAT = — /WX EIE BRGSO 7 X v REy Ofit L —F —#15
BfiA 92)cm’, 7Y XL % 156 Jem® ICHGELTZ, EHIZ448 K TS5 KHOBT =— /L& IN2

=20 T T T X
£ 1 | 1ns, @ 1064 nm
3 iy 1 @: Pyramidal
S o i 4 ] .
w 15 ¥ ¢ A: Prismatic

- Damage threshold | | 1ns. @ 532
° " conventional method .-~ | ns, nm
o [ ] O: Pyramidal
ﬁ 10 - ] | A:Prismatic
e [e]
€ sf j ]
P [
o
1]
E 0 U RN B S R
©
o

250 300 350 400 450 500
Thermal conditioning temperature [K]

X534 BT =— /U X B L —F— R ERIEO U
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L&, BT Iy FESIE 156 Jem®, 7 U ALEHSE 196 Vem® 12 EA L7z, LirL, S 5HIZ448K T
WBRHOT =— N2z 5 &, WIZREEIL. ©7 Iy NS 141 Vem®, 7 XA LE 53D 163 Jem®
WA LT, BT =— /WA K0 @l B AR s 0 L — Y —HBERIE 2 1ERIEOR S LR L~L . Fiz
FENLLEICSETE L, A XL — K DR PR (B, B, K) Ok,
PG RO EENE L D0 EEZ BRS,

BT = — LRtk ORMUREL & e FE OB E AT, WIUREORER R E2 R 55 [Tr-T, 7=
—/L# D 1064 nm & 285 nm (ZH 1T D WIRBOZALITZRBO b o Tz, BT =— /2 Ko TEH
R TICIRVIAEN 2B A Ao OiEEL, PEHITE Z > T Aan s Bbin b, ITRAMER ORI D
ZAITIRE RPN Cd o T2 ATRBMED & D728, OH BB U CIE RIS ke BE 72 I 5 & a4
LM s L Bbis,

£55 mEBHAEROBT =— LItk TOWINREOZE(L

P& BEH AGE

F=—I)LRI | F=—I)L#&

RARES [cm'] | @ 1064 nm | T X L 0.058 0.061

ES3yK 0.049 0.058 0.053

@285nm | FYXL 0.94 0.92

ES3vR 0.02 0.05 0.05
L—Y—RGME  [Jem?] |FYXL 156+23 43+14 175+25
@ 1064 nm, 1ns (1on 1) ES3vF 1.8+14 144 £1.2

WIZ, FERNEROIEHE A BIE L2, He-Ne L —H— &' — LAHIUTRIE T BN EAS LTz 2 MO IEHR
EEWCIZ B A=)V L, ZORICY TV EEW, fidETOEIC K DB ORE A &
CCD W A7 LI sz, #RER 535 II7T, (ERIEORKRHOBIINHTER LT, mEHE
RS IZE DDA B C & 7o, mEBERERTORIZZ > M (sl c S TwEC D v )
ZXP AR CIUE L7 BIZ A B, BICHRWEADFESROTLEEL +FOMEICFET D, Z Ty
I i AR T 83 5 B ITEORIE TR 2B LZHAIC b X ¥ v B 703 < LI
HNDH DT, SREIONEKERMSE TSN T-DIXT > TARXy v B TG EEN- T 2
v RNy FEni-o & bbb,

BT = — VBRI, Z B v NEE AR CHUSEIT 2 EIXEE A LME S, RO TLE#RD

X535 7 1A=k K DN SO BIEE R
() ERIETHR S N AbS, (FFI) @G pkE THRK S U7 i
(F) AT =— L1 D& E RTE THRK S U7 i
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FFOMBIZHFETIEL DTN ST, 2O X ) 2PNHEITEE e & OEERECAMMIZ LD
BRIz Z 0B & R &END EEBEZ LN TVS[48,49], EEEROEA . WALFIEE 23 &\ 2 DA
MOEY IABSME T RIfa7e ENR3 L, EORER, RERENELTZEEZOND, LT, BT =—
JTIE, EOMREIC K VS O XM A BEET 22083 H 0 . fERANTEOMRED L —H —Iif ) D
BIZBNTZ B s,

5.6.4.5 $HHEFHEDFEED

PLEORHBiOFEFR A2 5.6 12F LD TR, mEFKIED KDP SN IERIEIC L > THER SN
b & RE SRR D AL, 7UfA%A@ﬁ%&E BOWIR E L—F—HERETH D,

7 RIS OWMUT, FIEE RSN T XL ORREZE D T2DIZAE L D08, RO ERS
&f%:@ﬁ%ﬁt:@ EEBRIERAE TH D L IEE 0Ny, 2 LT, BRICHWIHEZ &
LT 52 & CTHEEEETE 5720, FRZIIRMEICR 5720,

L — Y — GRS & %ﬁmF BICBWTEN o 72 2 L1, MEENREADRE & B Hiizns, #
T ==l ko T, FOKREMIEE STz, RHDERIZL > T, L—F—HBEBRMEIIERIEDR
f %, b L ITENM EICSES N, BHORETY I8 H LBk 2 L 2 AR
REWEEbh5,

F56 mEEBRE L ERETHR S 72 KDP fEf ORI O £ &

EFKETER L EEREB R L 7=KDP#E &
KDP#& & 37 = —)LEi 37—tk
1 " —
@ 1064 nm 73ZA‘ 0.058 0.061
IR [om’] ESzy R 0.049 0.058 0.053
% cm™ .
@ 285 nm 797\/_\ ‘ _ 0.94 0.92
ESIyR 0.02 0.05 0.05

FEREAFESH I (@1058nm) [pm/V] 0.435+0.17 0.446+0.16

RIEESAHEFRIE HWHM (Type Il)  [wrad ] 1366 1400+155

(IBEEA Opm [ degree | 59° 59 °+7"

L—H¥—1E815R1E [Vem? PRI 15.642.3 43+1.4 17.542.5

@1064nm, 1ns (1on1) ESIyRF| — 1.8+1.4 14.4+1.2

KEFEEH (£OR=TILE)

[

<

EH EH K

5.6.5 BRDERDEET K
5.6.5.1 FoNtH—FALEERRESR dLATGS [50,51]

TGS (Tri-Gycine Sulphate, (H,NCH,COOH); H,SO,);& D3R & 7o AR 2 FFH . LINDO; 72 £
RERROEBEMMEFHEGL TS, £D 55 dLATGS X, 7V ¥ %7 7 = (L- « -Alanine,
CH,CHgNH,)COOH)IZE#A L, BIZKFELEARFIZEI L2 DT, RERWNE AL T ARG B,
IR FIRR 72 IR 5 ETEWEEMENS BV, ROV SR 5 TRV EM N
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BWTE D, [52-56],

BT — 2 T DIRMRIEHARZHIE L (8% 11,88) . 10%dLATGS OFEER AT 572, 10%7
T =N LT TGS KEHE (FaFmEE 634°C) 4 HEfii LiRBNREE 22°CORTLEE 2 L7z, FEfEshlIE
HARR R O/ MGG T IRERE TR 02-13C/HOSA. 6 HIRITX 536 127779 70 X60 X 60mm D Hijf
pn 23 PRI RR R 4 X8 X2mm/ H(40g/ H) TR B LTz, B MSRIHTEREL L TWORWR, TEROHEFNIC
% LK 30 5 Dk TH S T & 72[57, 58],

a0 |00 10 170 130 4D |50 [P nau
| |

536 EHEB R TE SN 10%dLATGS # 5

?ﬁkLT%$$%®7A4me§%&W%A4TXT@ﬁﬁm P E X o U IR AT,
T TE, Adh b T Z1mmOESTATA AL, KMEIAEMEZ 3 mme T 25, HEimmix
AL LT (X537, Vﬂ%%?xf =N %,ﬁﬁ@%ﬁﬁ%ﬁiﬂ‘%ﬁ@thU:/27~7 ZE L.
N—TDERE 7 N EPLRD T, K538 12 LATGS Faa@ﬁk% W% L CEA R TRHII S NN
AL T AMEZT 0y b UTe, WERASA T AR S O RCRIR L E] L CHn L. 22 5Am b im
HIZR DI ERE L o=, LA L, 6 mm/day FEEE D &k ﬁﬁkf*aaf A ERTEIC 72 5 KD 72 N
ST ZEDZER RIS ANTRR D IR Do Toy WEIASA T ZAEDRIEE & & BITHI L7z DX, #5
m*m@??:ywﬁb%ﬁaﬁﬁMLtk&WiW%ﬂ472fHT?:V@@%FKHTHK<\
BRGEREIZ X - TEbT 2 2 EWfIC/ 57, £72. 10%dLATGS fEf DX = U —IRE T, #Ek,
WE SN TWAIE 60 Ciaxf LC[53]. 2.8 mm/day DOH > 77 578 C. 30 mm/day D2 7 /LA
592 C. 42mm/day D% > 7L 594 CeREF 2L HoERICHZS DO TH -T2,

15— ]
2t gd]ﬁxTT%ss o A .
8 - 0.08 g
3mm g gold electrode ’g 9 7 gé
' = — 006 S
oadoo : S
0]0/0]0)0) b g oo 2
HRolel0l0l6) N : 1 %
aleislelo I & 1o
- “@@@i 0 L1 11 | L1 . 0
~ o 0 2 4 6 8 10
Growth rate [mm/day]
537 BT A NHO 4 538  flidnAREE & NER S A 7 AME,
WA 7T =0 A RO R

XA Z 7~
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5.6.5.2 X Ra s KAP [59]

KAP (Potassium Acid Phthaiate, C(H,COOHCOOK) %, ¥ E%X a=0.6561 nm, b=0.960 nm, c=1.3315 nm
T, BEBAHI(010), ZEfIRE P21ab, T 7 =R 7 =13 mmm (2B 5. R 023—2.54 nm DK X
W29 5 SR PG fG & D—> T d £[60-63],

HpET — 2 Ch DU A TE L (8 11, BH) . Bl E R 21T 72, SR 55.1°C, i@zl
B 20°C, EERER 22 BRI ORTEE 21T 720, 7 BT 539 (2R3 & 5 72 87 X47 X 46 mm O Hijfk
e DRI AR #5101 X 57 X2.8 mm/ H(27.7 g/ H) TR L Lz, BRSO FEE THREFRITEIZRE T
LR B 5, BEBRIEI001)IZ5% L T Mo-Ka #(J R 0.071 nm) & Cu-Ka #£(0.154 nm)® 2 FEHD X
AW XA MR 7T 7 7 E iR EOFHEZ L, XEREFTH O Tem fifGdh & LCHEAT
5 EHESNT,

539 EEFR CTE LT KAP bl

CHVE TICHER L7z @il B R O B A R 2 0ER O B R E O & i LT 57 ICE LD UR
T, AREGRREGNIE, HEHRGAL TH D KDPIE ERREEENE S 720, ZAuE, @mENREICHIRA &5 Y
FIEBRIRIE G ORIV & LD b EF OB OHEIT 5 & AERNCATERER TR
HLNWZLIZLDEIANRREVWE DD,

F 5.7 m@EE RO RBRAE R L 1RO B RHE O WA & o gk

Crystal Growth rate References
[mm/day] la/day]

KDP 2~3 [64]

15 [65]

12~ 24 [66]

40 ~ 50 [67]

54 AHE [33]

TGS 6x8x2 24 AR [50]

LATGS 0.1~02 [57]

02-~03 [58]

6x6x4 32 AERZR [50]

dLATGS 14 [68]

4%x8x2 40 AHFE [50]

KAP 0.15 % 0.1 x0.04 [69]

51x57x28 2717 AHFE [59]
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5.7 BHEIE AR DRZE

YE 7 KDP #ilidh & BT 2B EFE 2 —EICHIE LT b DD RHE THERT 24
BindD, TOFEL LT, BRTORKREDOHEL, iz =ar bo—L45 2 & TlmfafiEs
—EIZHIET 2 FERANTH D, RERNSFERIREOHIE 21T 5 MENH D03, ABNZOIEEE
1792 L3S RBBNZNEL L, MEBRBIXOEHEOEEREDRNO BAUE LR, Z0D7
O, RERHORERE R EOWmEAMERIECa L Ea—S—2 VBB TEREZIT O ¥ AT LD
WufToTo, BRTOREZCE EMICEHIIT 2720, WROWIEE S 8ER BEOBREFEMIZH
Rz, FHUIL 72T — 2 25HR L, #REZBRICY TAAA ATRISE L2007 07T AE/EL
7o BHFEY— & LCIE, Visual Basic M\ e, & LT, ®miEBEREA & @a L B B < o KDP
FEmOBRREIT> 7,

571 BERDREE

& DI C OO MBI E ORI, FEEROWIKIRE & 2 DR OIRE COBMENLETH
%, ZZ T, %%@@m%ﬁﬂ@w DEBERLEEIVRDDLZENTEDLZ LETRT,

A T U MED KBRS b O RHEIR TSR OBERUSBEIC L > TRET 5 2 EBAEETH H, EXUs
BENMIETOF v U TIREE N, Gk e, BEEZ u T2 LTOLIIIRT ZLBTED,

Ag =eNu (5.31)
KDP [Z=Ali OB T 7280, KPR TFRICE D IC ZB I EHE L TV 2 FTHEMEDY B B,
KH,PO, —=K" + H,PO, (5.32)
H,PO; =H" + HPO; (5.33)
HPO;” =H" + PO;" (534)

(533) G3ODIEFEERIT. FNF 62X10%, 48X 100 LIFFIT/NS S fREEIIFE LY L THE 6T, fif
BEIX(532)DEFED B THDH L EZ BN DH[70], FDi-H, KDP KIEKDESAREFEIX

AS=qu1MK+UQPqummJ (5.35)

L%, KPTOAF o BENVEDOFHEM, FrIIREKFMEIRATH L3, 5 FORE S EEEMOF
EMR&EWEBbind, 44 VEE K., [HPO,IX 32)0Of#liE K KDP BEOHE Tk E S,
B EBNE £ D L BRAGEE T KDP REIZHAEI L, REN—EDOLA OBERISEE O IR
SFREEE ORI AR L T D 2 L e D,

ZIZTC, HERLEEOERTHSD Onsager DA (5.36)%EA L, WIRIERE & 8EER %2R OT
5[71,72], AITHELER A TEAREER, C, 1 3REmol/] TH D,
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A=A,-X-CY (5.36)
£lo0 XF FER HEy BETZHOTUTOL ) ITERSND,

5.776 x10° 58.0
X = é/ v V2 (537)
(e7)2 (eT)*n

HE SN HIEERITRER A, TH Y | BEERLE ORI,
A=A x10°/C, (5.38)

TRIN, REC, I3, RE S [¢/100gH,0lIHFH % &
C, =(5/136.1) x10 x AV (5.39)

Lb, 22T, 1361 1IZKDP DS FETHY . AVIIEEE(LRTH S, X(536)(537)(538)L 1,
RESHHER A, L IAKERE S ORRIZ. UTORXTET LN TEX 5,

Ag=f-S—f,- 8" (5.40)
cpo DAV o XAV
T 136.1 % 10° 27 136.1x10?

HAREROFHANED 5 (G 4002 MW TIREZF T 512721203, f, LEMDBERD D, f, fIFE
EOBBTHL720, WEE f, fOBRZHALGNILTES ZE T, IRE & IRERD b IEkRE
PRETE D, WROBESRUSEE LIREICINA pH E2 B EIC AN BB B R OME G5 5 1337,
73], fb52A(5.33) 53 DB E R /N & < IRERLDRHFIR IS 2 5720 R Y pH DO ZAB I3
T REEZRET 5 ETIEBEICAN D LEIT 20 Sl LT,

572 RE-GEROETHE

ZITISLERD DD, 320, 360, 400, 440, 480 g/100g - H,O @ KDP &k Z ERL L |
ZNENOIAREROIREREZ G L7z, KDP JFUEE (Rpfk I B LR th) 1 3@tk & v
To R ERIEIC K0 A A MR DOBREIZSE O, %I 0lum OBV —XF AL TR T L
T ANE =2 DT L > TH R N EORMPIBREZIT o T, W7 T A8 —ZWET %
729I, FHAETCER OMBVR AL 28.5 K, i ZARFH] 5 R O BVLEL 2 F2 i U 7=, IREEFHRICIET
® DP1350 %, HAREROFHANITIRSERYERT OB A ¥ =—ACT EHER A — X —ES-12 i L7z,
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PSSR oY R 2 [X] 5.40 1R T,

g

g 3

2

8

o
o
T

o

Spedfic conduaivity ImSécml

AN L \ Ml

0 20 40 60 80 100
Concentration [g/100gH,0]

1540 KDP &R D ERAREE O ERHE

RGEINZLDT 4T 47RO, FNENDIRETODT 4T 4 T RTA—=F— f, f,ZRD, K
541171y hLT=,

140 3
.
* 25
~ 120 . o *
- - 2 .
3 * o)
% 100 . s *
©® 15
£ . £ .
o S o1 .
© 80 . ©
Q. o .
- . = 05 .
i 60 o w .
. 0
]
40 -0.5
260 280 300 320 340 360 380 260 280 300 320 340 360 380
Temperature [K] Temperature [K]

BS54l T AT 4 T RT A=K —f f, DIRERRAFENE

TAT AT NTA=F— f, LIRREIC U OEICmVEIBIE 2R Lz, 7—4_X—2 L L
THEREXEWMS T p, po qp @ENSNTA—F—L LR L, B LIEEEZR S8 ITRT,

fl =D T+Q1 (541)
fHL=p,T+q, (542)

£58 E, MEERIVRELRENTL2OONT A—F—

P4 P> o p d.

0.997 0.0336 -222.45 -9.42

& 2 RS T OV IR ORI EE ORI, FEROB IR & ORI OIRE TORMRENLETH
%o BRIEIRO pH EDS 32, 42, 52 OWFOWEMRE OWRERFIEE G Lo, fEREX 542 1277,
BE T OFFOIRMEE CIIRONTEIND, RITRIRES., C, IXAEMIREg/100g.H,0], AE X%
b= ¥ — [kI/mol]| TH 5,
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C, = C,exp(-AE/RT) (543)

KDP DA EE OIRFEEARAEIEIL EREBI D 7 ¢ > 7 0 ZHBIRED 999% L ETH D72, 7 —H
— AL LTHEERRXEZRSGT C, & AEZ/RXT A —4— L LCEHHE L7z, pHAED 32, 42, 52 DD
C, Lt AE% & 59 1”7,

20 ——r——r+—7T—TTT7 "7 T 7T

—e—pH32

759 KDP #EMDOIRfRE/RT A — 4 —

-2.5

oz | AR BT ALY —
s F Co [
i [9/100g H,0] [kJ/mol]
35T pH 3.2 12.8 x 103 15.6
pH 4.2 13.0 x 103 15.9
4.0 b —- - pH 5.2 6.77 x 10° 12.8
2.6 2.8 3.0 32 34 3.6 3.8

10°/ T[K™]

542 KDP &R OIR R

5.7.3 KDP #&ES@D BEEEE Ak

WEEIC L D KDP fEf O @mEE R E BB AT A2 HWCEITo 72, BAMEIE, X 543 (2”7 &
I, ZHEETHY, AMEILRE= fre— LV HOE - e =2 — BT R T THRRS
NTWo, SMEOKIREZ = hr—Ld 252 & TEHIE Ch 2N DIREFEZITIR o7z, 820D
7T ABE AN IR R OMICIREE =4 — Do Ot o — L EBERFHHAO 7 01— 7 &1
VAT T, BERENOIRR Y — v E W CESEA W LS, IRELTEEE B, NIRRT
2o B BAIRITEENE DA E\ O pHAE 3 (ZFH%E L | SR E 72.5°CO B D% 2.3 0¥E(iF L 72, 0.1 um
DT 4V H— il LT BB 28.5 °C, BN 5 KPR DML 21T o 7o, 113 8 x 8 x 8 mm

(atih x bi#ih x ciih) /D As-grown it 2 IV 7o, gl EIERHE AL IE 100 rpm T 40 F043:ICSUHER S
W7o, BAIFIEN 10% TR D L HICHRELEREIT- T,
B Y — T sEsijo—J
EEH
.I:c]. T RS232-C
[ =]
E—A— (& =)
N—=YF)avEa—~4
By [ LISRC e TR
S-0-T

543 KDP #55h O @k B B85 pl i
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X 544 1281 BOBBERTICE =4 — LIZWRORE UEM) | Eeafs GHEmE) SIRE G
EE) ORFRIZ b Z R,

IRE IR ORI 3 R L 7ol fn B2 L2l 9~ 2 7o O U0 IR EERE T8 BEIAOIZ AT ST
%o ZORMITIRIKEROBERERICHY LT 5 EBbnd, TO%, WEFEITITIE &It
TR Y (BRUSEEOBERIC X 2@ E OFEE HL—F ATEEICENTWD 2 L3505,
REE IR BRI LD WEEDOWHE I > Tho< D KT LTS, K924 e (1,460 47) FRECRGE
HOBEARZ T, B ET A X0 EIRPICHMERS E e 7o i e — 8 5 Z LR T & T2,
MR AEIC K ADIREOBHRIL T - T, WAFERR 71 77 MI2EREER T 2R LT
%, —WEACIEAAFIEE I XEIE LI 05, HICMOMSEOIRA 2 FH OREOZH2ZL) 12Xk -
TREOIRTAE LV, ZORERTIE, fmOY A XX 6cm THID A Xz L Tz, mdeii
FEZARIT S LT, ISR TR ECR OB E B OHIR2HIEL <M< Z &Ik, RS
7oA E U ComBamE GRE) OfFL X, Il SNCBERUISEEOFHIRES & WRfRE) %
ZTOFERBLTEY . ROBEZEERNGETZO XS EmdHOZITESAVEES & AT D,

O o
B - 90 — 1 50 o
=
o : 70 +—Temperature 40 .g
-t ——
=2 8 60 +«Concentration 30 %
85, 5o 20 8
5z 40 -HHMHW 10 5§
o O  Supersaturation— | |, 1} =
5 ° 3
g £ 2 -10 3
[ g 10 20 §
-9

o
§5 % 400 800 200 1600 "
-0

Time Iminl
544 HENFRRF OEROREE (AT .
AR GHREAE) . EE UEME) ORZ(l
X 545 \IZBRPOFESE YA RO E R LTz, K 544 TR UTZBERE N — B/ T 5 B
3 K 500 4y (83 K[ 7 BHEEARAET D E TOMRIIREERENTIT -EIH/I-NTEY .,
a BhORK Kl 13 13 mm/day, b Bl O AR E# X 17 mm/day T -7z, X526 (R L7ZIRER: T2 T
FREICEVRE LGS SITBRVREERER —EICH#E ST D Z ENDnd,

70 s

€ 60| ]
£ ‘
— s0f E
s :
® 40 | ]
E o O
O 30 o 3
o [ ]
:20'_ ° 3
N F ® o e a &Ej
» 10%.0° o b sl
0: | 1 1 | 1
0 5 10 20 25 30

15
Time [h]
4545 BEE T ORG AR ORET
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BoN-RREX 546 17T, fERFEE, FHICET By FEDICR LN BWED L. BRGE T IERT
WHTH LM HERE L= O Th 5,

X546 BHEIEKTHE 17~ KDP fiidh (66X60X40 mm)

RO BB REANEL, 13 & A DR & R ORISR A RO D K D I BT — X IUEICRIH S
TV, BRSO A X 5X5X 14 mm F2EECHRMAN e E BREANT £ T S CTuned
STz, AMFZETIR, IR OUREFHUHEIPA 2 AT, @ EE R & Ofie L7z Z & T, 66 X60X40 mm
OFEEINET 1 B CHERTE, EMLVOFEIRICE 572, Z OHMIL, BRIEKORENRE & 8B
RURERTIRETE DA A MEORERICITHEIS TE D720, FEEICH B ~Ow A& & IRV & E D
N5,

EE T KOS A ATHE TH D = & £ 5.5.55H Tk L7z LATGS, KAP flfaI B L C b B RIAIK O
PIREE L BRILERTRETE D 2 L2 MR L, BEMICNERNT A—F —2RDiz, FERITEXR
A 1A LT,

58 F&oH
B RIS DOWMEVLILT L > T 120% H DR X I fafE N L EITER TE H I LA HEE LT, #Ek
BENEWIZE, FRRBWERIAREWVZEBWEAMENGEONDL I 2R LT, £z, BEIOH
A EE AR EER A THD Z & bR LT,
B RRIAE O@BEVLEEC X > T, BRI 10 %—25 % C 62 x 62 x40 mm > KDP i i % F-A4 i
I3 a®l 24 mm/day . c il 30 mm/day TEDEE USRS LT 61 4R Uiz, £z, BRI O @R E
2525 %—28 % Tl “VFHIREIEE T a dil 45 mm/day, c il 53 mm/day (2 H3ET D 2 & A FGE LT,
WHR S 72 KDP el O _@aiihrtt GRS e, (ARRETFAE, (AREEA) 1%

%%%Tﬁﬁéﬂtﬁm&ﬁ FCHDH L AR LT, MEEK SN KDP f S I3 &SR 5235
AL, L—F—HEBRMEAY T v I RS TIE 1814 em®, 7V X LFRSTIE 43214 Tem® (&
I[ZIFR 1064 nm, 7SV A1 1ns) Thoiz, LvL, 448K T 53 BEOET =— /L k- T, ERIE
THERINfES EF%S S L<iEFn Eo L —F—HBEMME (v7 2 v R0 156 Jem?, 77U XA
#3196 Jem’) ICE THESND Z L AR LT,

BHRRIRIEOREE, B, EEROERET —F =2 L, 3 Ea—FHIfEc k> GRAREZ

H
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10912 0%Ff L7 RRE TR A BB RIC AP LTz, B S L7EfdR O A X132 66 x 60 x 40 mm TH Y |
IR R & L CiT a ®il 13 mm/day, ¢ 8 17 mm/day % A8 L 7=,

NS DOMRIZ Lo T, IR KDP, KD*P 0RO B ITIEICH A~ 10 520 EoiE
EToEEERE BEIERA FTREIC LTz, £72. ZOEE BB X TGS (Tri-Gycine Sulphate) &,
KAP (Potassium Acid Phthaiate) #fgn72 &~ HBARETHD Z & bR LT,
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F6FE 4 EAKFEL KDP & (KD*P) D F Ak

F6E I EIKFEIL KDP £ (EKD*P)DE K

6.1 [FL®IC

IV A dh KDP (KH,PO,) & 5 WM EE D4y D/KSE & RN AR O FEKFICEH#R L 7o FEK
#{t KDP (KD*P) (I & HICKEULRAREETH Y, L —F—EREaH L —F — D REEHRSOR >
TNVARVICHNONT WS, iz, BREG L —F—TiL, BRE¥ —7 Y b~O RS —FkMEm E
DIz DI JRHHAL (T AL —P =D AW TH nm BE O RIR) HALETHY[1]. £D 24F
EAE . S EIHIE AR T 2RI TAMEL 25, ZhEikd 2 5EE LT, ERKED
Ay SV ES % Type-11 KDP O LFHEEA M BE DI RAR I — B S FESHVWL AT
WAL, 2], ZHUCK LT, 2SR AROERITFAEZSET 572D, KDP fidh & KD*P
Ahen DR, T2 b EHIKFE L pKD*P (partially deuterated KDP: pKD*P) % Fl| 9% 51 [3]
PDIEINTWD, AT MVAEGBCEZNEZINE L FiEE, EFIEREE ST A MY v 7
g [4] & L CHEIEHBEY A 7L T7 2 A ML —F— L 2O EITHNLER TV D[S, 20D
Ba, ERIEHFEERE L THL 20 HOLN TV D OIXIERE I FELE DK E 7 BBO (B
-BaB,0,) X° LBO (LiB;Os) T&h 5D, LML 5, Zi#uh BBO, LBO fEdbOREIX, KEALRN
WEETH Y 3em X 3em FEENBURHEATORA TH 5,

pKD*P % fh 1% KDP, KD*P fift DEALE TH Y . £ OFeMEIT KDP, KD*P ffifn DRt (£ 5.2)
B L LHAKFERIZL - TEILT 5, pKD*P flfh TIHEE O HAKFELRE2 F - 1255 %2 Bk
TEL720, BWIOGE L TRBERFELZHISHTZENARETH Y, 4%, BEmBEL—¥—o
IR TS TAHTH L EHIfF SN D, AIFZETIER, 4 £ TITHRE B D 22 R HIPH o EK
FALFRIZIB T pKD*P #Efa O BRI 2T — X OUWEEZ 1T > 72,

6.2 LFE2ESHKEMEFREL/ NSANVIBREICE T LMBESDRE
KDP 35 L U8 KD*P i 1 TOF MUK T D JEITR (n,) & RECHRITT DEITR (n) 1T
ROEH>eeN~AT—DXNTHEZXLND,

KDP:
n,’ =2.259276 + 0.01008956/(4* - 0.012942625) + 13.0055224%/(1* - 400) (6.1)
n’ =2.132668 +0.008637494/(A* - 0.012281043) + 3.22799241%/(1* - 400) (6.2)
KD*P
n,=1.9575544 + 0.2901391/(* - 0.0281399) - 0.028243914* +0.0049778264* (6.3)
n’ =1.5005779 + 0.6276034/(2* - 0.0131558) - 0.010540631% +0.0022438214* 64)

ZC. AlE pm AL TOER TH D, pKD*P filidh DML B RIEZ = n>-1 NEAKFEIEx (B
FIE) ICHRIERICIKGET 2 EIRET D & RS DIEITE nuyxpp()ITRA(6.5)TH X2 BV D3],

-
.
|
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npKD*P(x)2 = x ngpep” + (1= X) ngpp” (6.5)

K(6.5)% FHV T, pKD*P (T 1T DT ARAMKICI 1T 5 Type-1 2 {5 iR B #ONFRIEEA A OB
RAKFEMZ RO D Z LN TE D, MHEESLIE. K61 OLEITRT X2 TOBIET 2
MU THEARBEOEE (k, =27/(A,/ny,), A J FEZERTOWRE) & 2 (&0
(kyg =27/ (Aay I Mengy)) POENCRACTRTEBREZMRE S DL TH D,

27 27 27

k,, =k, +k . =
* w+ ¢ e )\'Zw/ne&u )\'w/now +)\'w/now

(6.6)

2GR B TIL A, =24, TH D72 FEREOFIMMOIETTR L 2 5@ O BE IO
TEPFELNI L (ny, =ng,) DIHESGRMEL LD, ZORMFIEIHATEED L —F—o
AT &R O (c ) LORTAELRENT DO LICL->THLIL, ZDLED ¢
i & D7 E A NAREA A L FES, Type I KDP & E/AK(LFROE W pKD*P OALAREE A S F1Z,
6.1 OFEIZRT X ITERIMNCIBNTE BB D EH TR0 O OWERAREIEDN 5 2 O3 FHE T
Hb, Lo T, EAFCERERELT D2 LIC X > CLHEHPHOWN Bk T AA A EMTIE
—EE Y, PLIEE 1053nm DA T AL —F —DJRH 2 (G Em iR EHICE N TH D Z LNy
2% (3], [AIERIZ, Type-1 KDP, KD*P ¥ L TMEE LR (15.7,30%) D pKD*P |22\ T, FLERE
1053nm (2% L C 2 {5 @i B ONES & L oo h | BRSO RKFEIIR 62 DX )
272 5[6], 2D X912, 10 H% D EKFZLIFIZ L - T 60nm F2JE 0[R2 15 5 i 3 25 #2735 7] HE
L5,

7% pKD*P 1.0

18% pKD*P
w

KDP ——» <+—30.0%
KD*P

Y VY

0.5

o 21%ekpe

Normalized efficiency

25k .
40% pKD*P

] ! ! AN A YAVS

1030 1040 1050 1060 1070 1080 1090 950 1000 1050 1100 1150

Wavelength (nm) Wavelength (nm)

Relative phase matching angle (mrad)
o

X 6.1 2 5@ EHIZB1T DA S O &) ¥ 62 KD*P, KDP, & #13 pKD*P
& pKD*P OALFHEEA i O H K BV AR A fitidb O SHG ¥ R & #F 2 0E O
4 [3]) YIal—va kR

—J. FERBE AT A NY v 7 @RICET AMMAESIE. K 6.1 OLEKIZEIT D 30Kk
63 DAMD I HITRT LT HZ ETHBIND, 22T, WMAFD p, s, i 1 TENEN
FhiEd e, F5Y, 74 R —%7 L, MEXEGEEADREFT TRTAE o ITRZEAE L JiITh
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Do HEETHLIMEXIPDEZIEN TRV F—2Z TH > THEIESILDRIZ, ThbDOTRL
XY T LEEEDOT A FT = phENE T L TR R TMICEAET D, Liedo
T, REAEZFEET 22 I8 X > TBIAHEOE ISR LTI MRS R AEE L 7
Do FRIZ, AT AV —F—0 2FEiHE A E L, & 1000nm #T/X7 A M) v 7 ¥iE%
179 GEMGIBD) HEiE, K 6.1 K 6.2 O 2 5 mill Ao nEfE Zv 7z, pKD*P 2SR
WIS TEZI TH D Z ERHERIS NS, 20X 9 RBLAD, IE 527nm 2R & 45
FEFREE T A NY v 7 IEEE 2D & (MHEASAEORBEKFMHIN 63 0L 2 Tkdbh
6], £7-. WIEFEZEEOMBELTRLEONE1IEZEDOK 12 THDH, ZDO LI, 60 %D
HARFEFEIZHBNT 500 nm (26 K SIEVHEIFEHFEAATETHY . BRa L —¥—o k57 KA
BT AV —P—D 2@zt LTHWD K RO7 = 5 ML —HF =g L e
Do Flo, HTAVL—PF—LERN/BER MO L —F— (HIZIEX, YB:YAG BT Iy Y) %
AWVDEAIE, BEAFEROEEZELSEDLZ L THISHETH D, B, X 12 OFADIKE
FAEIT 04 THY ., X 63 LERDDITFRICHWIH A ORITRSBOT -2 N E TR 5T
D TH DN, 15505 HEIEFRIRIC TR L 20,

42
Top 41
Q
=
2
oo 40 [
=]
:D Deuteration Crossing
level angle
k k £ 39f ) 8
S 1 5 60% 0.2
-+~
- < 70%  0.2°
\ k g 38f o
qy_); 0.4
(04 p ©
<
A 371

36 L L L L 1 1 1
600 700 800 900 1000 1100 1200 1300 1400

Signal wavelength [nm]

M 63 FEREE ST A MY v 7 BWRRIZBT LT MRS () &
JhEEYEI & 527nm DIFE DY/ T A R U v 7 HE O AR S M4
DIE SRR KFEE (h).
R FEITAR 5ok & b D D £ FE D FciiiE T d D,

6.3 BEREREERPDEKRDEFZY

KD*P @B ROE A, T LB RRHE O BAKFILE L Z ORI LR LIz o EKE
BN —FH LN ERREINTHD[7], LrL, ZOEKEDHFEUZ DOV TOHRSILEFEK
FERFEW OB TH Y AREAFROFEIL 2 1 F TIRF K FE(L pKD*P 5 5 0 A FE 23 385k &
TV o T DI BINL 72V, pKD*P ffifh Tl BRFLEIZ L - TOEFRFERET D
7o R E D BEARFEAC R Z F5O pKD*P flidh & BT 2 72 OI2id, B RCRHE O EK F AR O i1
HETHD,
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6.3.1 FRANADHEIZKDIEKIEEDRTE
BRI, fEds O EARFLEL EREICHET 22 L ITEETH D, EARFRLEOREFIEIL
WA WA IRHEFID B 5 H3[8-13], AHFSE R 1.67um (2351 5 OH ﬁé@ﬁ?%%&ﬂi%{ﬁmﬁ“
LHEERW, GEIEIAE 12 Z228) HE 1.67 um [Z81F 2 UL KDP FIZE £ b KFED
EIZHAIL TIN5, Z£OME2 KDP IREOREZ T HZ LB EZXL b DTH, KDP & KD*P
Dt 0.5042 g, 0.8066 g. 0.8066 g (2L, KDP & KD*P DA E 2 CTKEEAZFHEL, HE
1.67 um (28T WU ZJIE L=, fEREX 6412~ 7, KDP EEICEFERL T —ZIX—20DHE
BARIZ 04 LU, pKD*P HIZE ENDHKEA AV BEHUEDOREMEE LTHWD Z ERAHEETH D &
o Tn, TOBIEIZ X > THERRFOKFBA A B EEEICHE L-MMAERL Y, BEAHELE
ME0T DOREETIRETE D L& MR LT,

0.5

0.4

Q

(3]

S o3}

Ke}

™

o

»w 0.2} ]

< ®  KDP+KD'P : 0.8066 g
0.1 A KDP+KDP : 0.5042 g

O KDP+KD'P ¢ 1.0232 g

1

1

o
on

10

15

m;w:r/m: [ mol/3ml D20 ]
4 6.4 pKD*P il FICE ENDKEA A IZLD 1.67um TORINZEAL

6.3.2 E/KFRILZFAER pKD'P FERDEE

BRAEOEKFEE, ZNRVEETOMET~OEKZOSER AL NICT LD
fix DFEARFBICEOFRBKEZREL, TNULVHTHT O EOFKRFEMELZNE L, KEK
FERFE TH D720, BRRHKIZ KDP iR (Fpfk - I b ikaat) | Mk (CRiEHTiE>13
MQ/cm), E/K (99.8% : ISOTEC 1) Z W THHE L7z, BHAFMRIL, RHEGHEEICH VW= KDP
R, #ik, BEAKOZNETNOERLVKELEAKEOREZHEH L CRELE, 22T, HK
FAERITAO6DD L OIZERE Lz, [DNTEAROENRE, HIITKEOENRETH D,

BHAKFEE (%] = [D]/([D]+[H]) X 100 6.7)

FAFIIR DY 40°C THEARF(LEN 50%. 10.0%, 14.5%. 21.2%. 24.6%. 294%. 41.8%. 44.9%.
482%., 57.6%. 69.1%® 11 1B O E HEfH L1z, ZNZNDOEIK 300 nl% 47 A 8o 500 md
ZHT7IAACBL, AR LTER28COHECTHE L., BREERT SE/2, A5 FH%ICT
T A DEIIEMEOFERAHTH Lz, 205 LIEMAREENIE TE 5 XL ) ICHBHIRE VG
72 ibdh 2 BA TR L, #EdhOBEAKFBCRLME LT,

F 7o, ATHAE S O EAKFCRIIATHRFOIRECHBAFEIC LV BT 252015, £
D=8, FFIRED 44°C & 64°CT, HAKFLFED 300%. 500%. 80.0% D EIIKZ T EiL
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FHEE L 7=, 300 ml&E AT ABD 500 W =7 T A B Lies L CHE LR TR fE %2 |k
F D70, fmSHTH L22n i 9 1°C/day TIRERE T W72, £ L URENBFNEE XV 5°CF
MWofeb T A GEEFNRE 5°C), 10°C TR o7& 24 (WEAFIEE 10°C), 20°C FH-72E 25
(GEAIFIREE 20°C) . 30°C TR o7& 2 A (EAAFIEE 30°C) T{EFMT%J}:&) IR % —iEIC
EhEREHSEZ, 2610 b EMREENSAETE 2 L5 ICEWH R ZEA TRY H
L. BEKRFEMREZME LT, LEOSRMAETIE, Tl Lo EREICH L TRIETICEMRL TV D
WEDOHEREIL33-187 % Th D,
6.3.3 #HERTDEKRAEFRE

BREHR D BEKRFECER L Z DR B Lo OBEAKFEROPER R LK 6.5 1277,
REE X B R RHR O KGR, HEIHT I L2/ OEKFEETH D, PO BERITER T &
FNE VT KA POREAKZOFNEGNE L WG AR T, T 2SO HEKFELRITE
JRHE DEARFERE LD /NS oTe, THITKE & BRI O BB ~DMAIAENS SITEN
DO LR SND, EARFELE 90%LL L2V Tk CBelouet H DT —#[71H HHHETK
65 IR L=, HHDOT —X LEFNYID TH LIS LI EAKF(LZE 80 %LL T OFHAIT — & %
kRlizHo, —&,L7,

4 6.6 1%, Bl % B R RHK O HEKFLE, il 4 FAKE O/ ERE  (Distribution coefficient) T
RLTEbDTHD, mEfRE kX, BRBIROBEBAEN EOREXKBICEENTZDPERTHO
T, RO TEHIND, X NTFAOEAKRFME, X ITEFRRIKOEARFIETH D,

k., = X,/ X, (6.8)
m~m
w0 -
-— o Natural temperature decrease 1.0 LN EL A LN L R HNL  L LL L Y BN
i C without control o [ o]
g 80 | e Different crystallization condition . -
o i C. Bel g 08 3 ]
| o C.Belouetetal. [7] Q @)
S oo | £ ] s © |
o - g 06 [ o s
2 _ © [ © ]
=] | c 5 [e) ]
° 40 i v g 04 F ]
E K 2 I o O Natural temperature decrease ]
= 20 | .a without control 1
2 3 a8 0.2 [ ® Different crystallization condition ]
8 L - O C.Belouetetal. [7]
3 0 P P T R B L
= 0 M R RS R R R
Deuterated ratio of mother solution [%] Deuterated ratio of mother solution [%]
6.5 BRFRHKEZH L VAT L-fE& O 6.6 HRFHKOFEAKFFEIZHT D
HKFLER O FEfR i mn T OE KR Oy BRI

BRRRHE OFFIEE ., BLOKREROBBTIHEE 22 2 7= & &I+ 2 O EARFLRIZ
OWNWTORREZK 6.7 17T, IS ZBMR L & EOFREEOBEEFIEE, Mtk
L 7= o

- 145 -



F6FE 4y EAKFEL KDP &k (KD*P) D F Ak

£

_ 80 — T T T

s - e e »

3 ; ¢ ) #8H0;8
E ol j BARILE rcl
c 5 %

s [%]

2 [ o 80 44
m E—

s 40 i a A A A ] TS 64
2 A 50 44
= i | & |

c 20 8.8 ° . 1 |a 64
S - o 30 44
: .k ° 64
g o 1 1 1

a 0 10 20 30 40

Supersaturated temperature of mother solution [C]

X 6.7 BRRAHEOMAFIEE, BIXOUBATIEEICX DM O EKFELR~DE

DEKFBEWREZ T, o, WAK (O, &) IFRHROEKFELEN L %, —AF (A, a) IX
50 %, A (O, @) 1£30%DT—4Thd, £DHHHAKE OHNIRHEDOFFIRED 44 C, BB
DOHLDIL 64 COT—H T, fammDEAKFLRITME LR OFRIEKOBEFNLLE ST
IR D BT T N2 &0 D, ZbORERIEL, ¥ 6.5, 4 6.6 |2 [Different crystallization
condition] & L CitmeTrry hL7c, £/, HREAEMRTE LIV dh O EAKFERIT & kS
mnZ AW THER LR OBEKFRITIFAETHD Z L banol,

6.3.4 BEKRFRSEBFEBCETIER

BREHK & 2 K0 ET 25 d R OFEKFE OSBRI, EOBEKFE(LFEOFERIZHNTDH,
BRFHR O BEARFLERE L0 /NS AR 2BMIE, BEKEIC K 2 HERFENR R & &M
FINARZNR ToH D L EBER BILD, HWEMRMFENAEDRIZONT, EARBRITKBELIDVEHEELKEW
728 KB APEHCO SIS S 1/18—1/22 12725 Z & NE STV 5 [14,15], JEHGHE A
PEL 725 & BREEFToH D HRRIRIK & #dh O S CIR X057 1 236 daFB IS HE A A E 41 2 St kR
DEIRL, BRIBEE» O REA~DIRA, 5 FOIEBPES 78D, ZORR, EARKIEOFPRKFHE X
DOLRERICERVIAENELS 2D | WITRETCSTVWEEXOND, o, PR EZET
X, KFEBEAICBWTKFZEZEKRRICEBRT D Z L1 5o TR HERECAE &V o 7o S50
PR A=A BIN D Z ERNM BTV S[14], ZOZFIZ X HAKFE D KDP 5 112
A% & POH-PO, DFEGICEALNA LT, 16], LIS AFINAELTNDHZEHEBEZ D,

T2 TE, K6.6T, X\2300 %5 TlX, kITHD T 1IZiE<, 0 9DEFETIE, 04THDH Z
IR LT, &P RMAERRICESEUTOET VAL T, KEHET TOBEBOA 4~
BRI, BRI S L<IZ2 7 A —HiEEARo TV D AR R <. K671, #idhm
KDPER A it T b I OKD*Py 113 d DR (04FEE) Hrii T& 525, Wil T OKDPoyF 1%
KD*PER i gh TIIATH LIZK WZ & A2/R L TW 5, 6> T KDPZ+ & KD*Poy+ D dhi il T D
FENILLTF DO LD THD EHEHTE D,

VSR 0 RO T 35 1T D IR HBOEFR X FEAK BB R A IR LW ERE L, B RRHEH OKDP

53 FRRKD*P T ER DX TICANDRE, Z DR feE L THEIESNDIBREZLLTO 4
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2T %, BREREHEOEKFRZP, fEOEKFLEELP LT D, P PITWT L H[D]/ ([D]

+[H] ) T100 %z TliE7g

@O KDPZ ¥ KDPfiifhE (R ONAD X SEeICH bt (DhRE=1) T2, ZOWENEZ S
fMeSIL, (1-P)(1 - P,) \ZHpIT %,

© KDPZ3 2 KD*PHiga IR OUA DT EfRE=A Tk d 2, ZOmENEZ 5 RIX
A(l - P)P BT 5,

@ KD*P7y 2 KD*PAE S ENC TR A O EaITH b (DR E=1) 25, ZOEENEZ
HRESRIL, PP, BT S,

@ KD*P/y ¥ KDPif& b IR ONA DT 7pBlfRE=B Thimikd 5, Z OWBBRNE Z 2 fER1T
BP(1 - P,) 24 5,

Fm@é%%ﬁ#i‘ﬂﬁhf%éhé@f @@oMED—@OLEMTE-T-bDOTH D, 2
PAZBI L TR &

2

-D-zqﬁ-Bﬂ+JD-2qO-Bﬂ +4U2-A-Bﬁ1—0—Awq]

P, = (6.9)

2“1—A)@1-1)+(1—B)q]

R0 K66DT 4 T 4T T —HBIEA=13, B=04ThH o7z, ZDOR(6.9)MRHE D EAKFHE
LENOBERSINIHEROEKRFEMELE GO TH D, 66007 T 7 DRENIP,D%E T T,
et TP/ PE R L CWADTEREP,TEl- CHAEL TRLT,

BRI T — 21X, RO FEKRFBMEE - EITROTCOIT, B RERK O E A HIE S 5 &
HWEHB)ERHE T 2 2R ROLDTHY . BRI LD THEEDO S WS D TH D, 5%
ET ML L TRIEFAAE Y 7 MCHBAALTHWD Z 1275,

SYBRARE IR, WA I Ko TEML LR WD, KFLEHKIFEOZNENDOFMEDIREIZ
5%&ﬁﬁ@%ﬁ%%%ﬁofw5k®&%bhéo

6.4 HEMNEKRODH

BRCRHE & R T Db ORI KB EHRRORFTBAELT 52 &0, BREHE & ks OE
RBEHRPRIRD LR END, R LEMRN TEARBREREN M T D AREEREZ LN
Do ZD XD RERFREWRONMOAEZTHAND 72O BERFEWR 201% OFMEBFR L.,
N DO FEKFBEBESAM 2T, o TR OB ML, BERFETRZHIME LR ERETIET
1T o fe, BEARFRERE 307 %DEREK 1 UZHEKFEHEE 20.1 %O 15z 2l (A:7x
5x2mm, B:5x14x2mm) AL, 25 AMEK L7z, G5k MIE AP ALY F
v I IR EORWREI O T, A XX, A:15%x15x35mm, B :27x27x35mm Tho7, B
AR L7 fbidh &2 X 6.8 (TRT & D12, FEFREMDOREL TV L B 2 fE bk 0 L&
Smm ZEIZ ¢ B o THIV H L, ERENORES T OFEKFRERRE RN IEETRE L,
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fa Rz X 6.8 ITHE TR,

A B
2°J'_*Ej/\\\\ ////ﬁ\:: 20.4
20.3 —1 | B 20'1
20.3 —/t | B 19:9
20.2 p T 19.9
19.8 — 1 | B 20.7
19.4 —1 | E 0.1

Seed crystal : 20.1%
6.8 ki P> T KSR EHLIR D 4341

A, B Offdh & ICHEHAKBEREITZ 194 % — 207 % THYH, WEMEOIXL X THERZE (£
0.7 %) FPHNICA->TEY, BRLZHEHANO ¢ il 7 M IZEAKFEBEIRRO DAL\ & HET
X7, Flo, BARFBIIRERE BRDHETHERICOEIND 2D, BERE TREO B RREHKROEK
FREHLRIIABEGH OO L ITZ{EL TV DIETTHhDH, ZOEbEZHEB LI/HER, EREO
REE P O BEAKFEALROHIIE 008 % Tholz, BRBHETOWERERNK ML L THHLEZED
3315 THHENTZOEALEITD o Tz,

6.5 10cm & pKD*P #ESZ D E Ak

6.5.1 pKD+*P #&GR D AfEE

P 1053nm L—F —0 2 5@ i A B WO CRHIRE A IR S D EKEBEREDRN 13% D
pKD*P fifh 2 BT 5 720, IWMEMBRZ RS, T Min-hun S LHE, B8 & BAHE DR
i PEAR AR R AU X K LRI Lo TE(L L, HEARFREBIRD 13% T H AT E M Firis g
JUT100°CIA Y £ TERT 2 EHMEIN TR V[I7], @ OFKIL 60°CH 5 30°COR TIT72 5 7=
DT OEEITIT L ALV E B s, O DR MR OREITIES &OHITHR -
7

4 FERIEOWRE (BfRE) O/ 25 13 %pKD*P AT L1525 EAKFLHE 23 %OIEKZ FHHE L
oo ZNVENOPREIL, 7R MIATFEE LTz 23 EKBACREWR 2 Niv, 7858 M2 INEL U s I % 7%
HRE LK STWE TH D 13 %pKD*P OFHEZWPET HZ & TRE L, LR STRED
SR DR — ENZ PR > 7o TIT 5 AR O IEJ7 b B b 2 TR 20 23 C. A LS 2 IRV
H U EIRBEMBE TR DAL (RIS E Do OERSY) 2B LT, A KRE T 2 IEKIRE &
W9 2 RIRE OB OIRE Z fafiii L & Uiz, #R %X 6.9 IZHH (0) TR LT, 13 %pKD*P
it dm O PR AR 1% KDP fiida L D IZA O DT Emfaffilicy 7 S LTE Y JREIC L 2ZbEL
KDP fEfh E1E E AR TH o 72, 13 %pKD*P #EfhiL, KDP fEMFEARICER LS Wb o & HEER
ST, BARFEMROBOMESZERT 256, EIREM R A MK < 722 0 AR E s
AD D, MBS Z + /3 1TV EE CH B Z TAUE, HERATH E TICERE K2 D2 L NATRET
boHrEEPbND,
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H
(o))
i

g 1907
o
T —o— 13%KD'P
Q - KDP
2 100
S I
S I
E L
> 50
3
=] ]
m 0 ! ! ! !
0 20 40 60 80 100

Temperature [C]
4 6.9 13 %pKD*P # fits 0DV il £ ith 43

6.5.2 pKD*P $ERAMEDT —HEN—X
Kk 2 72 K AL O pKD*P fiidh OB AUCKHIG TE D X 912, IL#EiPH O BHAKFELE pKD*P DR
e DT — 2 X—=2 & {To T, FoNToT — X138k 11 IZFRHE LT,

6.5.3 pKD+*P #ERDE KX

10cm % 13 %pKD*P i it D B Al O R 2 X 6.10 17, WA (B & Ml (RS )
DOHBETHY, AMETIEEa b — L HOB U —L b — X — AT 0T TR S
. AEOKEEZ 2 her— (BRRXE&4TF 7 DP350) 92 Z & THEHE CTH 5 N IR T
BT o0z, WL, AR 120007 2AF&T, BfRAOMICIEEE=4—Dldot ¥ —
EWHRIRFR D T2 O OB 7' v T Y 172, BRPICERP OKE L EAKRENZH]|T D2 L
DT 8, RO S IZITER Y — 2=y b (V7R 2RV,

Temperature recorder Temperature controller
= (Accuracy +0.01C)
Crystal hold and
m rotation shaft N |
20rpm (Reversible)
00000

Magnetic stirring seal

Seed crystal
ystal
Cry ! J“é i—Heater
ES

Temperature ¢
sensor

|~ Stirring propeller

\_ Water Y,

Sub stirring propeller

X 6.10 5 Al O EX

B RRIER O BAKFEACRITEAZNCR 13%DOFEEPEE LD 23% (K6.5) ([ZiHFE L, fafiik
FEDN 588 °COH D% 9 L L7z, FTiEdhld., HAKFZE 13% THm9.0x90cm DZ H1 v b
(cEZREICH v ) WEHWE=,
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B IETIRER TIE T, BER TRIIMRIEE D 2 mm/day (2722 K9 IZHIE L7z, 40 A
T 611 12T L D 7R RAF R B R MG DALIZ, iR A X129.0 x 9.2 x 11.1 cm, PR AER =T
22mm/day THo 7o, BREGUIIEE L EHOMES O FARFREZRAIIETHE LIz L 2
7, EAFELFEILZ133£07 % THY, BNOEAFEZERL T\ e, BREHET OBEEE
DAERE LT LB 345 THOZ WD OBEAZEOSMITTNVEEZEZLND,

6.11 HAKFEILF 13%pKD*P it (90x9.2x 11.1 cm)

6.6 F&ENH

¥853 K SE AL pKD*P i 1S 2 W T URE K FE AL 6 i EKSEL R O LWL (272 - THrhd
BEERD, UTOZEEH LN LT,

1. BRET ORI FRSOAEICEDL T, BRSO EARFERICIVRE D,

2. AT OEKFOSERBEIL, BB K OEKFILROELTICHEVVNEL 2D,

3. el OEKFEOSEBENL, BRRHE OB R L O I L 722w,

F7, ERKFEOR D pKD*P #idh O MREZRE L, BB LT 5 HEKF(LEEF o i %
e £l PUUNTERT 2 Z & Z AR LT,

I OREMET —ZI2HSE | 10em #% 13%pKD*P fifa D B AZ 1772 > 7=, B H% 40 H T,
90x92x 11.1 cm @ BAF R BAE M2 B R TE /2, FHMRIEEIL, 22 mm/day Th o7, BESE
fEd L OVE Ok 71X KDP #ids L IZIER U Th oo, 7. B LSRN O BEKFELERO 55
ITHIERRZE £0.7 %OHIHNTETHDLZ L L LN LT,

RETH LN EARBOSEARESOBIRE DT — Z1%, MO EKRFENRE —EIHEOTZD
2. BRE RO EAFIE 2 HI#E T 2 @ BB ERREIHE 7 2 B AR RO LD Th D, miEBE K
HfH Y 7 MCKARIAD Z & T, & 5 HEAKFELFED pKD*P OFRAH . ik B B E kil C E Rk
TEHHBLERT,

2% 3Lk
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Jofe o S G ZA
oy 7T FE i om

B7E W

AWFZETIE, @ V=PI R AR 2 L= = EHZBI L T YAG £ 7 X v 7 KDP, # ZU¥4

HK#E{t KDP ORAEHA & @R b BN OB 21T o 7o, ZNH DR THRONICERAE I L1

AFIiCE D%,

F28

WRERREIFIC L D YAG T 3 v 7 ORYEIZEBWT, MEHME L 25 ) —O8UESEs K UYE

SN T 2 v 7 OBRMECEH 2 DHEEZW LI L, B ERRICET 2EWBEEE2 5 YAG

7 Iy ORELAREIC L, BEMRRICB T2 LWARIZLLTO LB THh b,

1) YAG RiSAILE: Coh 2 Y KEBLWRL T Al KEE(EWIRL T DIKBEWED pH FREENEE TH D =
La R LT, ENENOFERMTICRD ERA LU REDOBERREIZZ2>TY & Al D
MR IAN D 720, BT X v 7 OB NMEE T 5, 207D ARk TREO pH X 6.2 Atk
WEBOKPEWRTIZIZ pH & 72 AIZICIHEI 76 Z ENEE LW L AR LTz,

2) VLRI O e B A ME R CHINT 5 Z ik o T pH OB bZ /M & 8, R ILE %
B/HZENTED, TO%, RRNMZRET L2 LT TEOV A X% b okl O RYE
DAETHDHZ L ERLT,

3) AR OIRE & B EhA] (HN,),SOs DUSIEDOMAA HEICE L Tk K-> 7=, HERE L
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Fﬁ'!
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KL, By Z—ICHWETAITHMPLORFEMEEZ LD, @RE, BEZETOT LI TFTNLD
BRI 83 [ RT L OICHE SN TR, FERERE, BREELEET DL FHELE Al R AlO
DIFNICAT S Lz & b s, BAN FDI5X 15X 15-172-22 1%, B3EEZZEE A FD-40 X40 L W —H1E
<, KV AL A0 DFRFENLVEATZEBbND, £z, FRNERICEHD LTy ¥ —OFEEGMHK
TN HFROESVRRE o Te, BRI, By ¥ —0ORE, FNAEOSELEETH D,

104/T (X™)

X 83 ALO, D7RFEFE [1]

FROBEOED, TAITFTOeyE—5HNPTICH T AT U BOY v 4 —& AW TEXIF FDIS
X 15X15-172-22 THERE 1T o 70, SRMFIZ ERLE R U TH DA, Bk L7 EIN YAG © 7 2 v 713K
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BT AT DT v 2 — T LTRSS (B, ) IXEBEANRERLS SRR H -T2, By X —I28#L
TV (A, D) IZHRRBBRL A =T AREKTHo72, A HE B HOMROMERT D70

HOE X MAEE TENENOEZ Al Y, O tHROGHELZHE L, fRE#E 8.1 I rT, HIE %ﬁ
OREEOMBET, {bFEimILE Y OFRERITHE LRV, HOMNIC A HIX Al OFFENDRNZ &
NGy oTo, AT, D EDIGIRD 2 < AR — T Z7ERIE Al OFFE TR A2 L e Kbz
o ThsDERDILD, ALO, TR I 5 Al DFIEN YAG THE I HZ ENmhole, ek, Bk
YAG IFEZEFE ALK TERMTOND Z LRV RN, ZOFRBEITH LWERTHS L Bbh b,

F 8.1 BEMEREOEOE X BAEEIC K 2 R R

A B
(v F2FUIZEBLTNVE)
#AREE |0 25.5 34.9
[wth] |Al 0.0413 18.1
Y 74.5 47.0

Al BFFE LE NN KON T IERE LY 1 mm F2E T, ZOHSZMO RS & A'ED L 5 2R
OHHENPB DI, AmEE LY 1 mm #7725 > 7 VO 2 S mar g U7z BERS IR 05y e G
THE LI A7 MV &K 8.7 ITHADK TRT, BIERITL TOWARELEIEITRD b,
R i€ DRI B 5 D TIEZR < IRVERFIIC DT » THIBRD R RN DEE R - T
DoV L LTV, 20X RFEBRFEOWDIEL, AR EIC LW E TR | W)
BOWENRZZ LD b0 L Bbg, AEORER TIE, By Z—IE L TWRWEORED B D
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—F., By X —IZBELTWRVWEHORE NSO D Al OFEL, ELOHLET I v 7 ORUWENES
TRWZEEEBETD L, AlOFIEZLDRETDT/ONDIE T I v 7 DELDEITELS 2570,
KHAWEZ ZRZT DBMETE VY, 07, RiEED Al OFFEOR Z S RWEERRIE 2R LTz, B
fligeE (BERSIRLEL - 1785 °C. BEAEWFR - 30 W], SRS  100°C/Rsf]) 1EEE LT, BERE IR
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WCEZEEZ 1 X10° PalZFHEE L, #5 C#6 1ZZNEI Ar T A L N, T A% W THEZEE %A 8§ X107 Pa
(CAREE L7z, #7 13 Ar RSO RSUE THERS L72. KXUELE 8X10° Pa D DIREZZ T ORRE L.
TANTDHZ ENHERSRNo T2, £i2. #4 X, LINDO; fEfE7R EOER TITHOILTW% VTE (Vapor
Transport Equilibration : ZX%ffis = & % % o v /L) iE% W Z[3-5], 70 I FHHRIC AN - IERIN YAG
MR (BBULZ? TEKRRXSH) 1TV v 7 A2 HD THERS LT,

#82 T AN LTBER TR

ETAREEHR
BHER | Ar | N,
VTE
BZEE |4x10¢ #1 E
[Pa] 1% 102 - #4 #2 | #3
8 x 10 #5 | #6
ARE #7

PERE LT BT I v VD BEEAZFK I IRT, #1134 — 7 = T OEASWIE -T2, &L &M
DL o T2, #1 PH#6 ORMETIE, F—7 = JIFERECE ZehoT-, LT, RELD Al
NHAIETHHL H# 2RO T, 2ToV 7T b,

# 84 FIHRSEM:  #1 ) D#T THERSLI=® T I v
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i
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sk
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<, MERENBEDTHDHZLE2EETHLE, FREFUETHD EHWrTEx 5, /2, B mCALT
I, #4 USNADO DI, EEZETHERE L7-#1 & [RIFREIC Al ERBSIZ D7 o 7=, #4 121X A 1. B
DEL IR > T,

# 84 BEREFRIHA A A 2 T2 BEREIRF H OE0E X BREEE I K D eRBoTkE R

#1 #2 #3 #4 #6
A B A B A B A B A B
ﬁgﬂmﬂ-_ 0 35.8 | 241 | 353 | 242 |36.0| 245 |342 | 338 |356 | 247
[mg |%] Al | 185 | 0.0274 | 18.4 | 0.0213 | 19.0 | 0.0430 (185 | 17.9 | 18.5 | 0.0413

Y 45.7 | 527 |46.2 | 758 (451 | 754 |473 | 483 |459 | 745

WIZ, BY TV T DT =— VO RE K LTz, £, KT 1100 CT 30 K] 7 =—
NUT, FEREFRSAITRT, WINLE—7 =0 T OEGOBMEL IaoT, #4103, MIZHAZhER
BnoT, 5T, KAH T 1200 C T30 K] 7 =— L L7228, 54& 1100 ‘CT 30 B D7 =— L
LWEITA OGNz, K87, K88 T/RLIZL IIZKAH T 1270 CT 4 K] O T =— /LTI,
B— = UM ESNZ L L0, =0 =0 TORT =— I L DRI LY | IREN KRS
T, 1200 CH 5 1300 COMNEABRIRENEET 5 & THITE 5,

KEHFT1200 CTI0WH T =— L LYo TV EME L, HRAXT SMVOREEITST-, Yo
TNVOREIFIETHL 24 mm IZEDE T, #REXK 89 ITRT, £z, L—F—BAMEEIC L Dh D
BISFER A X 8.10 (127”7, #41X 1100 nm 225 1400 nm (2T THHWRINA S 525, @B EER S
STz, RPN/ S BN ER S DRI H D Z & 23 1100 nm 5> 5 1400 nm OO JFHK TH 5 =
ENTRTE D, FIRORFEILTE T, L, thofMicex, ¥ —7 =v 7o, Al
HEDOB IR TH D Z LB oTz,

8
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2 80 3
8 L 80l
c 60 § 80
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£ a0 £ Lol
c | 2 SE
T 20 o f
= (= [rf 1
0 - - - 70 |l . L . .
500 1000 1500 2000 2500 500 1000 1500 2000 2500

Wavelength [nm] Wavelength [nm]

X 89 BERSIRDHS T BERE IR DZ I AT bV

oV TNDFEEFRART ML e FIROEFPD, LTOXIICELE LT, #3 L#6 1%, RIAD
B TROWEDRZHA BN, T ALK 0] b 0OLEWHNTH L2/ REER B 2 bhvd, Zhbidis
MBI, SHICERETOT =—/MZ L > THZMEOLFEITED 2 Bbhvd, —FH., #20
FRENRNT & ERIBIETRERbODPBEI NP o722 L X0 Ar TATIE, N, T ADEH
WZTHIESND &9 RbBMOERIT RN E b D, #5 Tk, BEZZEMIN 2D #2 13 @0Vt
BiFLNenrolo L Bbih b,
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O ATEHRER D LIX Ar FADBRRWTZ E NG hoT-,

-- 3
) 40
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-- 3

X 8.10 AL = ZT-BEEIRFRE DO 7 LA o BIER

ZE 3R

(1] AA(EFR « E O 592 BHEAOS FAURFHRS (1975).

2] FHEERE © -V RN 55 REE (1994).

[3] A. Grone and S. Kapphan: Journal of Physics and Chemistry of Solids, 56 (1995) 687.

[4] Delong Zhang, Xiaojun Chen, Yufang Wang, Dengsong Zhu, Bo Wu, Guoxiang Lan: Journal of Physics and
Chemistry of Solids, 63 (2002)345.

[5] Xinan Liang, Xu Xuewu, Chong Tow-Chong, Yuan Shaoning, Yu Fengliang, Tay Yong Soon: Journal of
Crystal Growth, 260 (2004) 143.

{1439 Cr/Nd:YAG 2815 Cr-Nd SN I RILF—ERRDER

Cr/Nd:YAGIZH1T 2 N&™'A A > DFIGITHBNTH AR CO A A BEOREMEOBELZT 513
TTHLN, CrYAG OHE LY bEOLREO E— 7 WEREMIC 7 P LTS 2L ThD, 22
TIE Cr' A A2 2 Lie N& A Ao DYERTE L UL *Fyy ORGEE DN E . D Cr'A 4 IR F
PEIZOWTHELET S

N&' A A& A A OfiL, BRI FEIERA (electric dipole-dipole interaction) (ZX ¥V, —
FOLF— DT, Cr'S sensitizer & L CflljE | Nd’'2 activator & LTl < £ 7 AHHEE S
TWD[1-3], HOBM & RS O A/ERIT R LR R OEER G (KB OERY) 2L
HEHNREET 2 b D& W Z I & LIRS0 T bivd, B TikA A4 o MBIk
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EDORANFHMEERNEZETHY | D TENFENRY I ab—a VBT E TH S, %ET
(T ENENOUEN BB & fad & W OREAFRETHRILT 5 2 L C, L— bR CHEbT AT RE
Hb, ZITIE COA A D NEA A ~DZFNF—BBHEE P bR LT, b— FHREK
IZE 2 TNEA A UCE) & Cr A T2 (PSan, Fep)BID = RV X —1B 2 T+ 5,

B 72 Cr' A A2 b N& A A ~DZF X —EBBET VLK 9.1 ITREND L) RBTERS
o, WHEN, RBIOA 1IB A mBEE, IREREG LOESHRE LT, £, £hb
OYEEOIRZT Cr & Nd 1354 Cr e N&' 2R L, BT 0-3 135 & T HHMERL, KoxL
F—50,1,2,3L LD THD, LD TOEIEE Neo 13 Cr ("T)) Ney 1 Cr ' CE). Neo 13 Cr ' (PA).
N 1 E N (*Ssp, Fsn)e Mo 1Z N (*Fan)e M 1 NE (Lin)e Mol NS ChpiczhEn iy 4%, =
T ANEDEIRIC L D Nd“@ﬁéf&#ﬁﬁié#%mﬁbﬁ T2 DL LTI T2 (Rvs=0)o E72. N D

ZALICBI LTI, Fan 0 5 EBT D 4 EONE (Fn—"s0. Tans s, 419/2) DN T *F3n—="T150.
Myap [ZFE ST BT R D 10%FRE THH -0, = 2 TR AT AR E3 R I TN NS W\ T
135,

NCr2 A

N
A Nd3

N
RCrOZ ACrzo $ /RN;OS A Na2
Nd30

Y - ”Nm
Angio NdO
Cr3+ Nd3+

9 C'A A NS A AL ~DEF X —EBET

NCrO

PbozZ b, e N OFERTHHEMNOBEEICET D L— b HBRRELTS, £ o
RIZBNTIE, Ao>>Ac b T2 L, UTDO LI T ENTE S, 22T, NorlT Cr ofddicay =
‘a_o

dN,
dCrZ = RevooNero = AcraiNers O.1)
t

— == + P, )N, + N,

dt (Acrio + Pe)Nert + AceoiNern 9.2)

Neyr =Neo + Ne + Nepo

WIZ NS DRITBOTIE, Ae>>Anais Aa>>Anzo (L2 T NgmN) « Anoi=dgo EEELT 5 & LLF D
NIRRT ZENTED, Nl NE Otz w1,
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dN,
—de3 = PyuNcr1 = AnazaVnas
t
dN
dl;]dz = —(Ang21 + Ana20) Va2 + Anaz2Nnas (9.3)
dN,

Nyar = Nnao + Nnar + Naaz + Naas

ST, BRI AEN L 2= RN F—BBHER PRI TREO L 2RI D[],

(9.4)

ZIZTRIIRNF—=LT7 27272 —DOHEETH Y . (™I microscopic interaction parameter & FEIEAL, K-
— &7 772 —OEHER cmD RO 572V OBRBAESRE CTH 5, nld, #H AAEH 23 dipole-dipole,
dipole-quadrupole, quadrupole-quadrupole DA, ZHEH 6, 8, 10TH 5, Cr ' CE)D HNA (*S3p, *Fsp)
ADTFXLVE—BEOLESIT. n=6Th s,

ERARBIZ BV TR

d‘]\/CrO _ d'Z\'ICrl _ d]VCrZ

= =0 9.5
dr dr dr ©:3)

d‘]\/NdO — dNNdl — dZ\'/deZ — dNNd3 =0 (9.6)

dr dr dt dt

ETZZT, BLHV VDT Ny DEFIETH D05

A P
Nd.2 NNd3 = A da ]\]Cr1

“Ndz =
+ A
Nd21 Nd20 ©.7)

Anaz1 + Anazo
P da RCrOZ

Anaz1 + Anazo Acrio + Paa

Cr0

HNI IR E D FIFEIEIZ IV TIE Reoy FFEF /NS WND T, NeogNer EE 2 B0, RONDFLLTD
EOICEEETZLENTE D,

P
Anaz1 + Anazo Acrio + Paa

NNd2 =

Z ZC, Cr-CrHDOREHELIZET I ETIREEZZLD & AenolF A*cro & 720 . WATRENS,
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* 1
Ac10 = Acm In= ACIO /(m) = Ac10(1 + (CCr /CCrO)Z) (9.11)

FRT, CaBLO Cop 1THL2CE A F U, COA F o OEEMENE HEBETH D, Lo
T, @G1O)RUFLL TO LSBT b,

1 RCr02
Anaar + Anao 1+ A crio/ Py,
_ 1 Pda RCrOZNCrT

Anaz1 + Anazo Paa + Acrio 1+ ﬂ(c& /CCr0)2
Pda + 10
1 Py, RerooNerr

NN2 =

CrT

(9.12)

1 P da RCrOZN CrT
Anaza1 + Anazo Paa + Acrio 1+ (C / CCroﬁ)2

Z 2T B & Ny AL & DB RO E AcigtPu /25T 5D Aco DELZ W T IRATHE Z B 5,

ACrlO

1
—=——al o (9.13)
p- P,+A

Cr10

AFEBRTIT, =XV F—EBBICEEGT A 4 BT < (Ney<<Ngo) « NegldB L%
104 /e’ E L E X HivD, NEA AU OBEEIT 140X10° /em’E ZE X LD DT, FEFITH D72
WIS Crt A Ao NS5 D Nd* A A NCBE L Tnd & Z L2720 | P, Nd-NdA1 4> HEEgE T

FIR SN TND LARETE Do TDT2D, P lICr A AV REIIIKFEET —EfHE LTI D Z &7
TE 2,

I, LR Ron & CrA AV IBEOBREE 2 5, MIEICHWZY o 7 ik a2/ < o — MR
IZEDTZHEDTHY FDE T 3END TR ANT —TESFHEIZ—ETH D EIET D & Rap
I Cr A AU BEEIZHATADTUTOLIICERTZ ENTE S,

R.,, =kC,, (k IZEeBfRED) (9.14)

L7200 N ldkSUTkRIZ 2 5,
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N 1 Pda kCCrNCrT
Nd2 =
Anaz1 + Ana2o Paa + Acrio 1+ (Ce, /CCro/D))2 9.15)
_ k' CCrNCrT .
1+ (CCr /CCrOﬁ)2
ZZ T,
k P
k' = da (9.16)
Azt + Anazo Poa + Acrio
Th D,

P ED X 51z, Cr A Ao DRI LY Nd* A A > OHEAEH N Z 578, Cao/Canf<l £V CrA
F U OREHENOHIMETHHIE LD LEWIRE TH Z OBBZNENE 2 LMD,

2 E=B N
[1] P. Hong and X. X. Zhang, C. W. Struck, and B. Di Bartolo, J. Appl. Phys. 78 [7] (1995) 4659.

[2] D. L. Dexter and J. H. Schulman, J. Chem. Phys., 22[6] (1954) 1063.
[3] D. L. Dexter, J. Chem. Phys., 21[5] (1953) 836.

810 KRB REICLDIERT B

1. IRERE T (1,2]

ZOFETIE, FEABINT 22 ENTERWD, BROERMEME T, FRENICLEL S5
fb & o3 R S D 72T OB A B OWIR A HEH T 2 NN B 5, IRERE TIEICITFRHEE, KRR
B, WS, B ERED & 5,

FHEE T, SRR P ISR A R R E TR T2 0 | IERPICEWVCRETCREZBE TS
WO EMARTIETH D,

KEREIFRVENL, 2 FEAEE S5 2 LI Lo T, WROMREEAT 5, Hibin 2 [Elsdh e U R
FIZE V2T HEEK 101 IZRT XD I

VRS OREF- 7 L 20— IR R & 4 % R D = SR

AT ERB B3], AT UL, 5K om D S — Ari

EOREEERT 2 OIENL AN BTG i

FET, KK O ZRTAR e —H— T & : S RS Fa~<
SR L TEns R

THENL, AKFEDOIRENE—IZb Lo = OoU 0o

NI RBHER R AN D, SMEOKIRIZ, § T 1k #®

0y o< VEREay ha—T 7 ECHIET 5,
TRTRIRHRIEIL . B RS 0D JECER | O Rl - i - [

[¥10.1 Holden D H FLEE [2]
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EL. BRSO EBE Y R E (1 5 HEThH D, KEMTBHEL LT, 7R~T Ttz
0 ke . BT R EEANT Y= v MEERIED T 5B S 5,

BRMBHGEL, IR LT 5720, BRM%Z L — VORISR, E I L2 b i
EEHRT 5,

2. (HIRIEBRIL

B 2 ik S OB Lo T IREARNE, IRERIE, @IBMERIEICHS Sh b,

IREAREX, —OOFRMEICBWT, TEHAEIRIZZR D X 5 ITREARLZ ST RS 2 & <,
FERICHE RS A M DT, T CIRE IS L 2R L, BARHRIC K » T ER T 2% E S 112
F o TEEICEY (HF ik IczE L, i BTt %, NaCl © X 5 ICIREIC X 2 Vi
JEDZEDDIRNEERS LilO; D X 95 2R A OIRERE AR OfidiE. X 102@r"T L9 =50
2 RN D FIETERBMTOIL TN D [4], MEBEEMEOFRREIZIZe —F—RbY, 22 CRiR%E
EHRICIRTZI TV D, ARIOAM R, (KRR TE D RS S ATV > T b, BIRIRIC &
S THIRITTEER L, BRIENICES DN ETIAEND,

REARET, K 10207 K5 Rt RW—2OFRME 2 v, B O I ZILE ORREE
e, FEICHE G Aa(10),  EEICIEUBHRS Ah(6) Z BV TIMENT 5 [5],  EHFTIE b o @ik E OB
(TEJTIEHICBE L, AR BT 5, RoREICEyERE EAmicBB S, &
ROFERRENRETH 5.

EHRAEERE L, BEAE, ffil (T L—&) Bl (No 7 7) O=Mnn 0 =ik s LI
T 5[6, 7], ZEEOBEER A X 1020 T, JFMEZ AT (hF 2 L—%) TRMEREZED |
INERREIRIZR ST Ny T 7)) 126D, T2 THEZSERICIRMR L=k, KB > -k
BRRAEICE VAL, FERBREIT ). ffh B RS OWIRITRIE (FF 2L —%) IZRVIEERT 2,
4% KDP #au B RO = MEDOHKE TH 223, ERRIZIIBMEZ SR ST 2 — 7N TR LE
Atz inoiz,

tZZ A T ) ﬁl V4
11 T 1T I [
== =N .
$ 2=\ S ¥
_ - Y =
LU s B O |
4 ) [Q%l 2 :1/7‘:3
= (4 “e- B iR
Q\: IR o : [3 EI |+ Ia ) 100017 20°C 3‘/'}:——5
‘L o —3} -~ LI.IQS o| |:‘_‘ | " I t J
o ol = //Ic 1& :)I
1Y G
ZEov )| 20°C+ AT =518 (24°C)
: HF21—23001
(a) (b) (©)

102 fHIREERIED F R E (a) ILEARLE « “HERE AREF RAE 4]
(b) WEERFE « AR ARE T RS (5]
(c) mlRAGERTE « —HEFAELER (7]
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3. HIRE KRN

TEIRVAIRIRMIE X, Z881E, BRUIRIE, BEXEINER END 5, IRE—TEORESRM TR
BoNd7ed, BEICEAEEERWVWI EPRFETH D,

AIET, RO DI 2 7838 ST, WIREIRNET 5 BRRE OIRERBEDIADLER. IETH
RN S R E ORE B RIZEH S5,

BROFREIL, BHAE ORI, RHRO EICEmAe R E L, BEXRICE > THEEECh 5K
HIRFBHALBRFZNT AN LRET HHIETHH(8], WIHOREZ FEICHE T 52 LN ZOHED
BETHD,

BRENMEIE, K103 17T XD 2efa A A Rt (o) LEBhA AU 23l (BIK) CTblbn
7= A,B,C,D,E D 5672 5B K& 5(9, 10], X% KDP #fhiZ & 5 EREHTEZ /R L TEY
B i, D2 Td 5 KDP & Adu, A MEIZEGH6, EAEICERMREtRA L, EERZENT 5, ofiE)
HIkEA A4 HPO, . BIEN DTG A 4 KB ERIE CTH D CREICAY | BB RET 5,
FEITIE, HPO, & K ORI 5720, BRSSO pH A LISFRE 2 S 5720, il
AL < ERICITm RV EfEROT b,

Toe o e o
A 1 B | C I D | E
\ e Y A A
| | | 1
. o
| K+ | Kr—>
| |
< H,PO; | <L-H,PO; |
l 3

103 ERBHTIERRRIEER [10]
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P4 ) g, d;
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2. KAP #5dh
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80%: y=16248x10"exp(-1823.7/(273+x))  R=0.99934 (13.8)
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