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Table top short pulse Peta-watt laser system is the most promising light source
to drive studying high energy field physics in advance photon research. To achieve high
efficiency laser oscillation in stable condition, it is required to pull out the best
performance from laser crystals as the gain medium. Therefore, we have conducted
cooperative investigation with Mitsui Mining & Smelting Co., LTD. to create large ideal
Jaser crystals by improved growth methods which solve several problems in usual growth
techniques. This report describes specifications, results of operation, and improvements in
two different types of growth furnaces which make homogeneous doped concentration
along growth direction of Nd:YAG laserr crystal and large fluoride laser crystals with a
wide band gap, respectively. It also describes the first four results of crystals such as

YAG, Nd:YAG, YLF, and 1.BO grown by these furnaces.

Keywords: Laser Crystal, Growth Method, Nd:YAG, YLF, LBO
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HF A A5
BB : BKE0.5ppm. FHIEBHASDDM

3.3. |ET) IO IRT LA EEREREER

LB, EHMACI > T LY IFREALFRRCERT L -OOCEBTH 2. ¥R
EROFEIIT )y PR KEBAVWS I LT, #RNBIIREBORWEREORERE))
VRNTERT S I ENAEREEETHD. 7 v ItWER2HERT 22D ICFNEMITEN
BE - LW E2E T2 LNERINS, CORBREX, TUvITUFE TUudvwr
FRIZEBBENZ2DE2BB I 20 OBEHEE. KRBT v O FRNOFREN
AFRBERCEAZI 2 O- VT 5200FHIN AR K> THERENS Fig. 5) .
FHEARELTICRET.

A Ty IR PR

GEw
E—%— : 37 74 S EZRSEER
5D PR VREERBEMO L DIENEETRE

5 OENBERE : 1500°C
BZOEFNBBRELTEE £1.0C
BESRBAR— N AFw 72— ILBR—F (1 HF)

T4 U AFE _
BRAE : BL#H200VAC 75A
TR » LRAl E45200V AC 90A

2REl B 45V AC 400A
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FxrN—
R : ATV AS
L = :  BFHREEF N
NS s AAEES50mm X F £ 1300mm
Fr L N—BEEZEE : 105torr 4 — 5 — |
BB : FER1E&Fr
B. WEEHIEEL
BDEFBER T 5 —HEHER
BEEE : 0.05 ~10 mm/h
B#HZ ho—7 : 202 mm
AhO—IFE : 0.1 mmELTF
5 DERER T —HEAR
BRO®EE : 30 ~ 300 mm/min
BHAD—7 : 202 mm
JotRarha—F-@E1IZy b
ATTTFTLRRAT v T
REFER DR R AR RR T RO K, AR TRICERE

2L, hDObE—F—EBROEE A
C. FEKAAFHER

EEHERR
BT s F )R T REEA T
S A = Kt . 7 IWNw 7 G P-2ARY
ERERZEET 7 )b\ 7 GI-TL3RY

A AR

CATO—A—F— NJ§ BEMII. 0.5~5L/min
ArEl MIFE@FIL. 0.5~5 L /min
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4. HBIEBOBERME

4.1. 2EZDEF 3V INAF—EREMNESRTHRER
4.1.1. 80¢ “EADIEOFRHR

2ELDEONMUL IR EBMURRS ERT2FICK ST, HBHAEREDIEF
MEEWEREIELFTAIENTES, Y CREDLEABRETIIPAMMLVELEN
TERN, RECR- T, BMEERE RO A TEE) F oA (LINDO, : LN)DO{L¥ iRt
TOHZBEGOFRDNFTONTNSS, ORI, B{EHERICEH LR8I iR s

FEAAIAEIC /25, LA L. BiAA1253COLN DB EIEEeP) 32 IE2 HWTHED,
EHUEBVREOBIMEREZT U TAMNZDEEZRWTER L-GTEEN, S0,
HADL W — AT REEDERO—D LTI 2E2 D3I L3 REBEHR2TH1-. &
AR LI 2 B5DFE 42 DECERZOMmMENZ DIFOEE N MMOBAREHE TH
%, ABHDECEZBENY->THD. MEOBEVRIZE- TS, Fig. 605 DiF%ExRT,
BEEELTET 74V AT91 b Mg, Si0, : RIS 1850T) % Az, ZTHIEEHFED
WEHRTHBYACGL U BIEAHII00CTHEL, 3DEDTFAMIELTWS, EEHIMz066.0e.
Si0,49.2¢%EE L116.2g & L. WAMRE. RMEOBEIRZ DEAERICH L T17%I12/k 5,
EREBOREBHIHNI A=Y 0000 TR WO TEHTHERL., FEOBMRIINS
DIEDE BN LS BEETHANSIHED . NRIOEEIAROFEBINZ2ICHERL
FRICERLEBD S, NADERORHIZ DEFESICERE L ~Ir/Ir-RhB&EX T L 23
THESUETHICHDLET, KRENHZES L TOLRERICIIBMR LM -/~ (Fig. 7).
AR B DIEFEIEE BEAEHNE UKL, EREFESEN (~0.2) 0T, REIRE
ISR U AAEENS OREEIC Lo TOHRENIEINS. REOENLDERFERIINLT
PITNWEBIGE S NB DEDBRHYRVRLEICEL T, FEN B LEMLARNEE
Z256N5, HEOBZ53DIFRNEBIIHMLTRESTHNEREHIIZTEMT S EEDN 5.
COBEMBITELEENIINIRW TS, T4V ATI1 BB T DENEREINS

DT, BEEYAGIEZ TREXBET > /2. REHIY,0,440.0e. ALO,330.3g §770.3g
ELF. COBTHRMBBOMBEIIZ DIFICHL T80%IAS. N2 DEONOFEEE
FEEEIC LD, BDEFEREN2000CTERICEMRLE, COBRBELLEZENTHNIZKWT
Hoi, —HEKEBR(LIERE ISR EENL CHERELE, LML, RZDE
DT A E LR NEEHIR AU B B, RRELTHEB Lo Fig. 8) .
IR DIEREORHSREO-DRENESRAIENERTH - 7-D,. BEREZD
BLELUTEEEBRESE.
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4.1.2. REFEHEORAL
HiEstier o T, 2EADEFILARERBENHERINZOTIEENWTHBEOCEERE
BRANDERETOI

OFER
PIDEAESE (Eurotherm#900EPC process controller type 941S. L F9418)m 7127
SAEGEEEAWTESHE /-0 BRI TORERZFFTLHILNTERN 272
Fig. 9lz@mARKE S (Process Value ELF PV)EBAHKIBRE 1 1) A5 AD41ISH L O
ﬁ(metu?OH‘5DEEﬁﬁ(mmM®ﬁﬁﬁkE%TuHMHﬂﬁgmﬁﬁtﬁ
LTOPOBHMNE S, 2DEFECEREIZOPOLEIIH > T L TFLTHWAE I EBN5.
UFiz#0EREBDNAEHFLEFNICHTEIHECDNWTIRRD,

@S
O SERE HREERFE VTN 2RERERE94SICED BR, ST

BLDTHD. SHESITMSAOEERELT NS EEX NG, NAREED 1R
NAEBE (~1000A) 1. BREHEECTICL > TRAREOERICARING. 3510E
FAHECT2 ko TR AMACERICERIND, CT2ITE a1 FLaINBELNT
NE. BFmACLRENEEER. SEESIAROT) v NS RABREICLST
BEXN . %, PHREFAR L TEETERINSEE /A X7 4 VF —%ALT.
941SIT A B, CT2m 5 &E ) 1 X 74 Wy —ETHIDOBIMBENTED, INE
junction-box & AT S (Fig. 107811 . GA1SIZ T DESOEHNZER U TESNE
B £, BEREREE I EAIER T, 941SOFA U RS A HAERE LI,
Cﬂ@ﬁﬁbf@t@T%EMMﬁGQQﬁEEQﬂQﬁ@&M%KK<h(thﬁa
%OTE@M%D4ﬁw34W®%§ﬁ9KWt®K%%ﬁ$é<mDyNﬁﬁ?T%Z
b EEEIA A RORERY T~ RET —ARCEERNDHE ) ZEELLNE,

OXH
EREEZZLNEELZDOREIIDNTUFORSCHRZRL .

< kIO AL )L OEFEM
CBEMERMEERENREEESY T4 - EAOTH
T ABROERBRD A XV R
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4.1.3. FEREBHHBEECHMET A~
MBS LT, ANEERATOERIECHEMRZT -

O%m
ERICIETHROBREHZR W,
MR EFBERICAN. HENFA—F—%Table 10OXIICRY L, HEEOHEIIEEN

BOTORT I AERNZ,

OiER
HEBZEL & BEECALEFE. 13ITRT. FRIZI0PEDT—F 25T, Eifikctual

feeding rate) DEFHHNKREWDN, Fg. M4ICRT I ICEBOBZABRBIIFZE—ETHEZ &
Aama, £, 2nd.Period TRERENS 0g/hTH 2D IC1FE TOREERDE AN
3.5y, Zhii2nd. PeriodiC Ao =& EMBRENS.0g/hica s TR L,
ond.Perod DS B THEN ZOEIRZREZOTES. TRbEInd pericdWEE - RO R
B112.0e/hTHD . IFHIN T TRES50g/hiTETAEEES, JOBORREILOR
B 5.
| y=(5.0-2.0)t ~1=3.0t-1 C e (3)

VIR EMRE. HEEE AT, Chzend Periodic DWTHEAT 2 &

Y=[1.5t2-t] 2 s e e {4)

SN, BEBEOEYII3.5gE 725, 3rd.PeriodiZ DWTHREERTH 5.
COEETOY S AIRBRETIRRSCBARORE THELRTIRETHS, £3THE.
PAERAETEEEITERZDIENED DRSS,
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4.2, |ETY v I UET VLM PERBEREE
4.2.1. BEARRUVBHEEES )V ROWE

OXRBRDRN EXE

FREBOLE BFCELT. KBRS 2 RISHETRRS N, ARNIET T,
FEE AT 2L AEMEFOBABC BN TEL T, 23 FTREMITHEAT VL X
FOREER, BIERMOEONFERER > bDEEAENS, TIT, AT VL AH
GUEFEELY S WRETF SR LK R BETR I 5 KRN OMBERAE SN
(Fig. 15),

F 7. WARAEO—DITEANE UTB O AKRNAHR S N, BEBEO T L —AHN
FTRTTIAF Y YROEDIC, KAEERABOXVEABII BN THNEZELHNFR
RTH ST ERENORRTHS, Ok, RETL—ABRABLT]LE.

4.2.2. BERER
b DR, THITERRBETS 2, b—F BRA0AZ100% & LHED.
S BT BN ZOPE) ET B E, b—FROEIT BT 2 BIEEE S OPEIIFg. 16

rET kA RERE o, ERALEREMEIRRENTH 5, RAMKICBTIKRR. K

AT BEIIRA S NT, LIYFEESEERT DY ERRES TREIARTEL.

4.2.3. FHEEBENRORE

EHMOEREROBICEERNT A—F LR RENECREETH T, REARZRE
U miEil. REH T OEERS . E-F —E D OFAMI2EMEDO LD (FOOL
F002) &1HEEBDED (FO03A. B, C) TH5.

OBIE STk

a. Fg 17TRT LS. RAENE25DIEENS0,40,80,150 mmO T EICERET 5,

b, 32EEtw kL. 3DERRESE LRETETS,

c. FyrN—Ftv FLEEFEZIETD,

d. AORKBEABESTAEICAELETRACHFREL. BENTFETLETHD,
(SlEd. 2D EERENLYF,ORMA819TCE L& TR

o, BENTELECEEEAK YDaT7ITAROEFREE - EHEMAR TSR, €
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OB TFBEICBT S LEREZRET 5,
f. e ZBOUELITD.

Table 2icHiESRARE/~. FO01, F002, KUFO003A. B, C%C'Dbl“_l'?ﬁllﬁ LiRESA
R —% — FECOREAROEEEFig. 18K0Fg. 1907, -ORENS, B
= TEITLEFOOL RURFO021- BWTRYLFOBERERE (R19T) THIS5~20T/cmd
IBEAEIES . BICFIO3BOFRBIEEZB VWL ZEIIL 2 TEFDITETHIOC/cmDiR
ERRAERTE S © LMD,
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5.1. YAGHRZDOEFK
5.1.1. YAGOEAWLHE LIERDERIEL

Iy bUDATINEH—%y + (YAG Yittrium-Aluminum Garnet: Y,ALO . L—
B e LTSN, BRI+ ONA™ 2 LN YAGHE < B & h
T3, Table SICYAGHOEREE Z25RTE, NBTIEA A EBBKENED, TIIZY
AH—2y MEEBEZEBZIENTERONDT, RMBEZL<T5EENICESZENHS,
Foi=0, IRT%EEORMBEOCHESENEEELILTNS,

BFRFiEE LTBIE LTk, 51& Pk, BEFEHRAAL 77y 7 AEENBITONS
NEFRIZHEFONAERITRESRETR TSI ENTELIELTHEIL o THEHEALSE
BRENTWS, 31#F BTk (Czochralskiik @ CZik) 1d, B DI ANZIEE & Mg LR

BEBAWTHEE3E RT3 HETHBT. Fe 2010 ENRCZEOFEERT,

N3+ 2FEMUEE, BAEEIL. Z&mm/hour &3EEIZEB EREBOFRICITAERDE
g A EIT /25, £, MRIIHVAEN AN ORE BT TOREX D 1
DGV, B ICEDIAENM o N3 IRERPIZE D, BT ONDIRESTRNED
WONKRESHDS, CHIE, BRI AENANG OBRENMENTOBE L TLO

DMWQRdH%&@ﬁMbTm<L®T@5 HERDFRFTEIZBVWTNIHDBRERL
BAEILTHEHITE, BELTARRCHLTAELD RERZDEEZEVHETD

d“%ﬁ@%k%ﬂx?%&bfutoLhrﬁbTﬁiéji&Eﬂﬁﬁﬁﬁéﬁmé
W&k DYAT L TIHAETONBEE —BIFDIEMNRIINRD EFEALND,

5.1.2. 2HZDIFONME & S ORE
BRI EE M S A B DEADIRER DR, MREEETORALBRBNDDEADR

BLOBAE X TAH, NEDE0&IEAZ>EOFNLDE L RTHERsIzL, 22
T, FTHLZDFOEIMINEZDEDELV20mmEA NS DEEER L. BRZRALT
B LEARLDED LRI BLZERRBARL 2k, ZTOBOL DERERER

2000CEEAZ TWe, ERWBERLE - ZERELT,

N BESFIr Lo TERINTWADT, WA 2FITIEEERERIIAMENIZ<Y,
5 IF N2 DIENO BN 5 DRGEDS TMEINS, N2 DEOLWNILE
REFNZIE L TWARNO T, SmEA S BN I NPT, W%D'F%@ﬁ
BIATARE L T B S OMENKRETNGD, HERIOMBETEEITELTL

EWEROBEMRITE T SR,
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CF O LEBOFEBN+DTITRNWZD THENRE LIRS,
OmBEREMMT 221 BN ERT 2,

CIDAFBA NS, TIT, RL2DEOHIEES L S22 DFE ERENSEmmAEN) | #F
FRORRERLEL THE. %mbfﬁﬂ@ AR R L, O, BRIZELESER
BHEK 13 KWTH-7, ., FEOBRIIETAZDEOERNEIT % A3 20
FES TN SEET 5, Wé?i@ﬁﬂ@%f@%?%@@ﬂé?i@ﬁﬂﬁm% ey
LThehniD oFMAiEa LB TH S,

&%, EBIIEREMHBTALEDZDESE S OMBELZAMET, REHEEANSZDE
DS ZRE LIz,

5.1.3. 2B 522D THML /-nondopeYAGDH#E R
%mﬁiﬁﬁﬁmtziéoﬁﬁﬁﬂa®;5&%&%525@%%&6t®t$f\2
EADIFIC X AERMOYAGOERZHAA T,

O
a. AZOEFOBERIOMmM. NZDEOEROMMDZES DEEEHH,
b. L -EEHg. loss* #EE L.
Y,0,4 (BN) CBAA Y MUTA
ALO, BN) I fEREFETR
AL RBRILTEASLEDOTHS, MEEOS IS L DEICH L THI0%IZIED,
c. FEFERIINSYAGO<I11>%#FEH L/,

@F-§57

EEMNESBRT 2 E T FED TRE L, TECHEMLLE. INERERR L.
FRIZD D a—F Itk 22 EEHE 2T, ERHNBOLLOBHELLENS. 2H
BZOEDIES, R DEFRNBOMBORETIIE S DECBSICHBRL THERIDI TR
B3/, BHRSM £Table 41TRY

BERINIFELRECEARELERTHY. Tl XEL2EHN130mm, EFREK
90mm. EE22~23mm, EE1975gTH 272, REOHI0%BHERIELZ. MEDOHE
d<1l 182 E T B2 DIFEOYAGE B IC6E O FE R UOREHRR.LIZITRELSN

%, #ROBERE®Ng 211TRT.
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* ig. loss : (&#fkEignition loss) EEHRITSENAKDE, REEOFMHOSTEHER.
oKL FOEB EARSLTHERET 25841, BRELELRCTLOMEBEZMET
AOVHENDS, BRAOHBOERILTET.

5.2. YLF#ROBER
5.2.1. YLFEOHEAMNSIEE EEROFRIIE
YLFIZ. YAGEIIRAD . (EFRALYF,O7 vt OBFERTH S, TOMEMEERRTE.
2247 R CaWO, & RN 3 — 71 Nscheelite)ETH U, Tetragonal. 141/a, Z-4 L7z
5 TWNB, LiF - YE,ORETHM(Fe. 23T, YLFRA&EM819CHT, : 49mol)iZ B
THEBRAERLTNS, £, 695T(F, : 19molRIZBWTHGREA LTV,
Table 517. YLF&EORZMAMIEEERT. YLFIZ-8HEOK&TSHD. BITROERE
GRMEAETH BB  THRWAENELIBEERLTNSD,
KK\ﬂf%%ﬁ&h%fé%%@ﬁ%tjmfﬁMeGKﬁ?uﬂfﬁ%%ﬁﬂm%ﬁ
=AYV THL F a2 IV AF-(CDk Top-seeded solution growth (TSSG), Ty
D2 AVRE LB ERAME B, BE, HEEEINTNSLOECZE L2000
%,

5.2.2. [ERHERR DR

50 1. TR &SI YLREARERAMTSH 0, A9mol%YF3Icas Rz sD, TOIL
MmiE . EBOYLFERIZBW T YLE DL B3 R B 2 LiIF & YF, O mol%iE & i
(LiF:YF?,:SO:SO)CZﬁLT LiIFY wFoREES SRS, £IT. LiF &YF ,Omol%iR &
FeAY50:50, 51:49. 52:48, 54: AGD A I ONWTHEREMR 2o = (Fig. 24), Foie
FnENnOLE&0seed: (5), middle: (m). top: (O SEH 2 EM L (Fig. 2685, Xk
KEHE (XRD) ko T4 LIz R ETable TIRT,

Z OIERMS.  LiF & YF,OmolR A thLIFYE,=50:500 & Fi0id, AITFERPS &F
BMENDLICEEREICET ZSEIC B WTYRWHH L TWwa Zanhd. E = fol
TNT@ﬁéwmomfﬁﬁm:ttLT.@m%%ﬁ%ﬁﬁﬁﬁéﬁwﬁﬂwiﬁﬁﬁﬁ
Lrnwa GEESIEBEH0) . Fig. 26i0tHOBEEERT. 61T, REF T RTIZA
“rHYOF(Yttrium Oxide Fluoride) il L T3 Z & ATHERR S 417z, FNFNOH R
MESE R B L = b 0 A, TRTOMEBSEEL T, LaLENS, LIFYF,51:49K
052 AR DIERME LN N, BFTHEMEREVE o7, Fa. 27XRDIZ X
STELNE{ELZDFv— ERT,
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5.2.3. A@WOEH
AR LELI . BERERKIZAMELTHL MAKRIEBEL Tz, HEREE Z2UHE
L. Ysiames(Fig. 28). EEME THEMSE | SEMFlg. 29 RUE TR ynryo—7
EPMA (Fig. 300 k- THELAEZLIA, BVEBROOONERCH2BREOCHNEZD
oTﬁEbTmtn%Mﬁ&@ﬂ%%%ﬂt%@&ﬁit%%@f%%:tﬁﬁﬁoto
EPMAIZ 2% M5 RN S, AR I EARYEttrum) A% <. Oloxygen) bW Z
EHMEERENA, LMo TI OFHSEYOFTH 2l NEn., Tt HBOE
7AERELTBRICHFHLUAYORBHBEAL R T ZHDEFEA LD,
FIT. HEREOEHIER B, YOFREDZODRBHLENLETH D, YOFEA
OERE LTI, BEENSOBABLNEFR 7O ZACBNWTELZDONEALNS, ¥
T EEIOWTRATHE, FENCILEFEYF2 850, 25 2XRDIZE > THMTL
o YFJEETIIYE, SYOFA I X 41, LiIFFEEHIZIILIFO &t i, £0
Fow. YF,BERHI DWW TAE 2o/, LEFEELTHELDOONBEASNDA,. S0
IZPbF, B AN R Py —E L TRV, TORFERL Stockbergerizdis Ty Iv
HO T tMERIIBIAEERKRCENRBRGIETHLS I EBRINTNS, AMHYOF
. UFIRTRBRICEZDBESNRS EEASND,
YOF + PbF, ———>YF; + PbO 1 < v+ (5)

EPVFLEER (F24y M) 7AER AN: 99.99%EL k) 1o L0.5, 1.0 3.0, 5.0, 10.0 wt%
<m%g%%ML\%ﬂﬂﬁéﬁvﬁ;ﬂ@%@Ygﬁﬂ%m&M;ofﬁﬁ%ﬁm@m.3&
YOFP— 2 - LTHE L& 2% PR EMECH Mt TE-JEZHEPI LT
@@.323:@%%ﬂ%%g%ﬁ%-ﬂﬁ?%:tm;n‘Wﬁﬁ@é&g%fﬂﬁfﬁ

L ENDMoT.

5.2.4. REAEZFEHE

ETEMILIR £ 17 - - YE,FR R RN T, 4.2.3. T RZ4FF002IC & » TYLFRERFRET >
AL A, XRDIZEAYOFY — 2 HiFBH L b 0OBEEARBELICRETS o .
%1?@D%#?ﬁﬁ@ﬁ@k%ﬁﬁ%&mﬁ;oTﬁ%%&%ﬁot%%,%%@ﬁ&
3&@H%%¢®tmaﬁbtﬁﬁﬁﬁéﬂtﬁﬁﬁ@thkofﬁ%ﬁ%ﬁ%ﬁ?%%%
MRS (Fe  33). XRDAFEEN S, QBB T INE TERERYOFMILE N7,
SEE AT BOWTIHYOFREBRINE s o /z, ESICHROMMAERR LIS,
I L - ERA VT 5 O Bk B (striation) SRR & 172 (Fig. 34). BIEMEAEAHFRER
LT EmG, ROEORENS AL SELEAZLELLND,
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5.3. LBO#ESEDERR
5.3.1. LBO# & OERNIME EHFRIE

LBO (LiB,Oy) 1. HLWHEREHAEE LTSMEARCHETHRES NS, BAED
BRRNE L., BEEENBVWIVIREAED. 7T v AERTDEROCTSSG(Top
Seeded Solution Growth) KT THERINTWD,

LiB,O, 3£ R % TH-TE#ida=0.8446nm, b=0.7380nm, c=5.147n, MEEAL—k
I TRIEIT S o BT LA AU SAS TWB, Bl S, Rsasty 512 & 3LL,0 - B,O,
ZOHEEO LB ELB,O 84T THMIERT 5. ik, SOSCTHICHMT S I LT
AW, EBICHERLUERNSRET L EWIHEIIRN, 2B, CORITEMICRREER
7V — ERA OLLB,O,CLBO,EWIEEHHED . INSECLETERATRTH 2.
Table 8IZLiB,O. 0¥ HEZER L.

LBOGE#E &I, SR THETSSGETERIIMMAOHEENERINTHSITE . S A
Markgraf 5 id b — 4 —SEr OHEFINEF 2 H W TERL THE D TORMAIY.

TR AR : 80mol% B,O,: 20moi% 1,0 |
EIET'e - 20-30rpm (ACRT: accelarated crystal rotation technique)

51&E RITEE ; 1-2mm/day

BmnEE : 0.3C/day
TH B, Fo— JEEQOHRIITOMBEO BONENLSTHS, Z.Shuging 513834~
TE0C ET0.2~2C /day THE L7225 Imm/h THE LIFTW 519, BONE W EEKRD
WM AE < T2 o THEAHEL <725, HITLLONS < 23 & Li,BO, BT 5.

5.3.2. LBOKEDHE KR

BN ERSAEREEL., Y T seedBES T LITLZ. FHET 3 72 AF—
Flir b — 7 —HIE1IEOS ) 02y MEERASEDE TRAW ., FREHRIE, 90wt% B0, :
10wt% Li,0O (79.44mob% B,0; : 20.56mol% L, &U7z, LIEEILEGTEDIND
LiB,O, & ELERTEDAN OB,O % LK TR LES L #T v~ I Lk, 501
IS500 A4 20 IFAMN, Fr—URIIBHL T80%HE IR SL 3T, FHKE
KEFIEK LY. ROCKEREZH - 2%, BERITKRUTERET >, FHMAER
#Fig. 3527,
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OfFER

a.

o oo

HEOEIN,

S ML EERRICMNEBETZ T 99 7 XNEN,
HRDEE - rseedBH TR,

A~5 AL EERT D Esced BT TRENE T T 5.

A& BIFRE (Mmm/day) ERBEE (1~2C/day) 2SS TEFCEELETERN,

OFF R
T IS,
» HATEIT L fmseed B D,

L ESERAIBTETHD. XROMTOHER. seedNF T2 DIXBHEN S CREDD
LiBOAiseediZ B L TKIGT 5720 TH B I DM T,
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Table 1 Supplement parameters of the auto feeding equipment for the

Czochralski crystal growth furnace with double crucible.

Operational Preset Total Supplement
time feeding rate | weight | during 10 min.
(hour) (g/hour) (9) (9)
seriod 1 2.0 2.0 0.33
seriod 1 5.0 5.5 0.58
coriod 1 6.0 11.0 0.91

Table 2 Measurement condition of the vertical Bridgmann growth furnace
for fluoride crystals. Initial temperature was measured at the

bottom of a graphite crucible.

Each structure | Initial temperature Power Vacuum
of the furnace (C) (kW) x 10-5 (torr)
FOO1 --- 3.6 3.0
F002 824.4 3.6 1.0
FOO3A 824.1 5.2 0.20
FO03B 827.0 5.9 0.16
FO003C 828.1 5.8 0.16
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Table 3 Properties of YAG crystal.

Space group ' la3d
Lattice constant  (A) 12.0
Melting point (C) 1930+ 20
Molecular weight 593.59
Density (g/em3) 4.55
Hardness (Mohs) ' 8.5
Hygroscopicity none
Refractive index @1.06 um 1.82
Thermal conductivity (W/(k - cm)) 0.13

Table 4 The growth furnace condition of YAG crystal by the Czochralski

method with double crucible.

Orientation of seed crystal <111>
Rotational speed (rpm) 20.0
Pulling rate (mm/hour) 2.0
Operational atmosphere N,: 100%
Boule diameter (mm) 25
Pulling length (mm) 112
Table 5 Properties of YLF crystal. dn/dT means a change rate of the

refractive index for the crystal temperature at 442 nm.

_ a axis: 5.168
Lattice constant  (A) c axis: 10.74
Density (g/cm?) 3.981

o @1.06 n,=1.448
Refractive index . um ne=1 470
Thermal conductivity (W/(k - cm)) - 0.06

7t:-3.0x10-8
dn/dT (K1)
o:-0.8x108
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Table 6 Usual growth methods of YLF crystal.

Bridgmann method®~11 Czochraiski method12~15
- PbF, scavenging - HF gas
Materials treatment _
- NH,F * zone refining
Mixing ratio of materials LiF : YF, =52:48 51~53 LiF
(mol %) (LiF rich) (LiF rich)
Crucible graphite platinum
Growth temperature (C) 850~900 800~1000
| 1.0~5.0
Growth rate (mm/hour) 0.6~1.0 (20~4° rpm)
Temperature gradient
(‘C/cm) 25 o
Crystal diameter (mm) 20 10~100
Crystal length (mm) 70 30~100
Seed crystal none [100],[001]

Table 7
component,

analyzer.

Results of grown YLF crystal by XRD analysis.

A 3 minor component,

O ; major

- ; non-detected by XRD

Mixing ratio of
LiF : YF,
(mol %)

Sample

location LiF

LiYF,

<
O
T

50:50

50:50

50:50

51:49

51:49

51:49

52:48

52:48

52:48

54:46

54:46

54:46

~ 3 0l~3iol~3F ol~3 o0

ClO|O1CIO| O[O O|O]010O|O
bR 152 Red I o Bl Eed ol e e
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Table 8 Properties of LBO crystal.

Crystal structure

orthorhombic

Space group Pna2,
a=8.446
Lattice constant (A) 2 :;?22
Z=4
Density (g/cm3) 2.47
Hkx =768
Micro hardness (kg/mm?) Hky =755
Hkz = 607
Melting Point  (C) 834
Transparency 165 ~ 3200 nm
n, n, N,
Refractive index 1.064um 1.5652 1.5615 1.6065
532 nm 1.5789 1.6070 1.6214
Optical damage threshold > 6 GW/cm?2
Hygroscopicity little
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Iager diode pumpsd Nd:YAG laser

; ] {2 unite) x 4 (4 units} x 4
pu

1kHZO0.1PW,3008
_._laverage power:3kw)

{24 unita)

wavelength converter 4 _/ L /
/ : o’ / componant of one unit
. e p

.0. - / /
/""/ 7 / wave trom
/ / compensalor
A,/ "? - Pk i
o [BSUEIS L

10 é
e 7% Nd:-YAG crystal size;
M. O.: master oscillator 10mMx35 mmx200mm
. Q.: slave oscillator
F. R. : Feraday rotator

Figure 1 Conceptional layout of a high repetition rate femto-second short
pulse high power laser system. 24 units of laser diode pumped
Nd:YAG laser are required for Tiisapphire laser amplifiers as

pumping light source.

5 P e
Nd:YAG ¢ |

i G ’/ e

r 0 (Z2at% ]
41 | —— -Co (4at%%) VAR
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T B C0(83t%) '/ ,‘ Vi :
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Doped Concentration {(at%)
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Crystallization Ratico g (%)

Figure 2 Difference of doped concentration inside the Nd:YAG laser crystal
by a conventional Czochralski method. In calculations, a
crucible of growth furnace was assumed in diameter of 150 mm.
C, shows initial doped concentration in liquid material, and g is
| the ratio of crystallization to whole material volume inside the

crucible.
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auto feeding equipment

——————— -
CPU
feeder
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— power
supply

| crystal boule

chiller unit
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| " crucible
.l
]
growth furnace stabilized RF

power supply

cooling power :21160kcal

RF power : 50kW

flow rate : 80L/min.

frequency : 20kHz
stability : +0.05%

pressure :2.5kg/cm2

Figure 3 Layout of a developing crystal growth furnace by Czochralski

method with double crucible. The system is composed by

crystal growth controller, auto feeding equipment of material,

stabilized RF power supply, and chiller.
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( HF gas sensor
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cleaning
tower

HF gas treatment unit

fluoride material purification furnace

draft cha_mber

'

heat treatment furnace ¥~  9as flow controller

HF gas

il stocker

toxicity extractor | vacuum pump

table

temperature controller

Figure 4 Layout of a fluoride material purification system.

To keep safety

operation, the system synchronizes with warning system of HF

hazardous gas.

Vertical Bridgmann furnace

Vacuum controller

vacuum pump
vacuum gauge

Gas controller

2 units of mass flow meter
N2: 0.5 -5 L/min
Ar: 0.5 -5 L/min

Heater units

maximum temperature: 1500C
program controller
power supply: AC200V, 90A

Drive controller

pulling speed of cricible:
0.05 - 10mm/h

Figure 5 Layout of a vertical Bridgmann growth furnace for fluoride

crystals.

The furnace is simpler than Czochralski type furnace.

The fluoride crystals are grown under vacuum condition in usual

case.
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Figure 6 Photograph of the double crucible made of iridium.

Figure 7 Non-melted Mg,SiO, material inside the inner cylinder of the
double crucible. Bottom temperature of the crucible was over

the melting point of Mg,Si0,.
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Figure 8 Raw material of YAG in the double crucible. Bottom temperature

of the crucible was over the melting point of YAG. Gray pellets
show the non-melting condition.
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Figure 9 Fluctuations of process value and output from the process
controller, 941S. (a); process value means supplied radio
frequency (RF) current for the induction coil. Set point to the

941S indicated by dotted line was fixed on the line 4000 of

process value. (b); the crucible temperature dependence on the

output of 941S.  The temperature was measured at bottom of

the double crucible.
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Figure 10 Photograph of the toroidal coil inside the junction-box for the RF

power control. The coil has 30 turns of current wire.
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Figure 11 Photographs of the junction-box. (a); whole figure of the junction-

box. (b); a set of rectification diode and the conversion resistor.

(c): noise filter for the RF power source.
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Figure 12 Fluctuation of the output from the process controller, 9418.

The fluctuation was 0.03% during 2.3-hour measurement.
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Figure 13 Feeding rates and supplement weights of the auto feeding
equipment for additional crystal materials. Steepness of the
calculated feeding rate in each one-hour period was determined

by a comparison of the actual weight and preset feeding rate.
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Figure 14 Increased actual weight by the auto feeding equipment.

Figure 15 Photograph of improved joints of water supply for the vertical

Bridgmann crystal growth furnace.
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Figure 18 Results of the crucible temperature and the temperature gradient
in FOO1 and FOO2 conditions. Distance means a relative length
from bottom of the heater to bottom of the crucible. (a); bottom

temperature of the crucible. (b); measured temperature gradijent.
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Figure 19 Results of the crucible temperature and the temperature gradient
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measured temperature gradient.
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Figure 20 Schematic illustration of a Czochralski crystal growth furnace.
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Figure 21 Photograph of YAG (Y3Al;O;;) crystal grown by the double

crucible of the Czochralski furnace.
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YI.F crystal boule

¢-. Top

middle

Figure 25 Location of the extracted YLF samples.

Figure 26 Photograph of the YLF sample from top of the crystal boule.
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Figure 27 Results of the XRD analyzer of YLF. The measured YLF was grown
in the contents of LiF : YF3= 52 : 48 in mol %. Samples were

extracted from seed area (a), middle area (b}, and top area (c) in

Fig. 25, respectively.
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{220

Figure 28 Photograph of a cloudiness portion of YLF by an optical

i
i
i

Microscope.

Figure 29 Photograph of a cloudiness portion of YLF by SEM.
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Figure 31 Result of XRD analyzer after the material treatment.
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Figure 32 Reduction of YOF by chemical reaction with a scavenger PDF,.
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Figure 33 Photograph of YLF crystal using the improved growth technique.

Figure 34 Observation of striation inside YLF crystal.
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Figure 35 Photograph of LBO (LiB3Os) crystal by a top seeded solution

- growth (TSSG) method.




