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ABSTRACT

Nd:LLM (Nd:LiLa(MoQ,),) single crystals for the laser host material were grown by the Czochralski method. The Nd:LLM grown
single crystals cracked easily, and the reasons of cracks are generally related with phase transition, incongruent melting, chemical
heterogeneity of composition, geometric thermal structures of imbalance and growth direction. We confirmed that phase transition is -
not observed by TG-DTA thermal analysis, and the XRD analysis revealed congruent melting in our products. It was confirmed that
the volatilization of Li,O composition is the important reason of chemical heterogeneity. The geometric thermal profile of the
resistance furnace of our own design was controlled with a crucible height. Also, Nd:LLM crystal affected %rowth direction, and was
the best quality in case of [101] growth direction. The distribution and effective distribution coefficient of Nd”* ion were accomplished
by PIXE analysis.
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Fig. 1. Configuration of furnace used crystal growing.
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Fig. 2. Schematic diagram of Czochralski system.

& 7tE S AREEte] S48k Aol Rl AMEE
2+ Fig. 13} o] 670 UAME Superkanthal 2 &
o g ujgsty] 2 X‘ﬂ’—‘fé}‘iiﬁl—. <& A ) (thermocouple)
= Pt—Pt 10%Rh (S-type) & F 7l Ao sh}e=
5248 37] 93 heater 7HEA AESIR L, thE
3}4{— Fh9 HALEE SHs] Hd =7k Eupd
of F7} AX &t
Nd:LLM 44 & S48 Y8 ALE| 232847 &
2ol AL AT HAlol AWEE AT} FFO

2 U AFAZAN A7) $A5e] sl Fig 2
oA miulsh o) A¥ 2 HAYA, FUH AFAA

A4S T3 B, 2% A 2 ?l/\o]"—‘-‘TE% z4

S 271, 290 AFAZANIAE Ackehe 2K

xaa*ﬂm o7 §437] A% NALLMY 24L&
LiLa, ,Nd,(MoO,),(x=0.1)°] 3t} SEAL Bk Aok
Li;CO;, La,03, MoO; 2 Nd,O5(CERAC. Co., 99.99%)
= Edete] Az, ol Li,0 B MoO; 52 3



Z3ATAIE) %k Lila, Nd,(MoO,), ¥23 &4 4+ 679

2 7hsAe] Joer Fig AT 95 LiCOo,9
CO, AES &A3] MlEaT F e 2= 800°C olatellAd
3h &<t dhadte] Az AT

WIZTAYWZE S0mmx F°] 57 mmx F4 2 mm)ol
228 A 27 o) 80~90%7F HEE FX8A T
agx, 2 erxeul 2o F402HY =t
Y FolE WS ZH (0~15 mm) E?HHE Aoy 3}
Aot F7] FollA 1000°C7HA] 100°C/hY] S22 W F
WEZA 71y, o $RE 2r1EE %%%@ (& 1250°C
AR YoM &85 XA 10~20°C/hE 523t
Foh B-o] s &gHW AA=R HA Alx®o] #
ol o2 = 308 FAAZ F, TAEAA S IHAI7IHE
A, A HEAZY 20~40% T SN FAEA
AR 8 e HIlE éé} A A7 o] FAAA
o] A vzEA HAL o, ASEE 0.8 mmn, 3]H
15 pmZ 24|17+ F<t neckmg 2A[-g AAE) 1
5~3°Ch=Z AMyste] 3= 249 shoulder 73
A23}+9] Z}% (shouldering angle)”} ¢F 337} H =&
ZAse BHom 3t A7 =28l bodying
AT LukE 0 g shouldering ©AIZIA = &
FAS 7}Et Z}EE EQZE $£502 252 23
gy A AR oA S ARE-3)

e

r E

1y
t

>

B4
Oﬂ; O_>C, O

o
tlo o

kl HE

£ 9 oM off
3R

sl
=
2 229 W7 472 FAA7)E uiing IO B

2|3}t

2.2, ¢HAE B4 WY

AR, A 2 43R e 248 4
3 Nd* @Aol&9 =H%%E7F 36wt% (Lila, Nd,
(Mo0Qy),, x=0.1)%] ©Z2HE ¢ 5mm =] FAHRE A
AEo] £H 2 FPoR WWste] AR Azt
Aok A¥L 1000, 2000, 3000 ¥ 6000 mesh SO2

Avt F, HAFHoz AvkAl ¢0.3 pmE AHES S
AHdAnste] AlHE FH) ST

Nd:LLM B4 st 92545 %7= TG-DTA &
2 (Shimadzu Co. DTA-50)2.2 F3siith. Edde S-
type, =/HE WEE M (Eol 52mmx A7 5.1 mm),
EEEA L a-ALOE AHEEI Y, 1050°C7HA] 45
10°C/minS. 2 7}E ik

DAL B 2 BHO R sle] XRD £4E& TR
th. AF&3F 7171 X'pert MPD(The Superior Multi-purpose
Diiffractomer, PhilipsAho]Sle=s] AMgxd 2 AF{Fe 7
Zt 40kVeF 25 mA°I T scan ZHAE 0.02°0190 2 &4

2 == Z v E}(graphite monochrometer)& AH&-3led =783}
At
DAA ] AERA 9 Nd*olLe BIPFS &

7} 9438t PIXE(Proton Induced X-ray Emission) #41-&
AAEGEY. B2 ASEE FHCERH Pz Y
2EE FEE of 5mm HFo2 o tis A3
o} PIXE FA = Ho Hud o]l 1.7Mve B E
el (tandem) V) 22} E(Van de Graaff) 7F&7](7]=
National Electrostatics Corp. =49 : 5SDH-2)Z ©| &%
WAREZ-E4 7] o] At

[o

3. &z nF

3.1. BN |M0 O|X= 24
LDP #lo)A 2 AALS Nd:YAG @24 To] A3t
Hoj AFEEI o), AEeA ds vlel 7ro] Nd &
Axrr} vol FAV F4A slokste 59 #A-e] A
o] A= FolA 2 @AH S e A7rt A Fol
ot} B dFoiMe q2$ dolA 2A SEAS 3] 9
3l Uslo g Nt 0]22 =33 LM 94A3L 243
Aok Nz ddA e §49 AL, AAAl S
FES A EAAARL AE F 7] Wi FTA
AA o] {40 ot} FAAAL A AP T
& Z&H3t Pt seedFAh) S Aol ©AR(ALO;)
2 AMgEhe 497t 8ok B e AgeME, x4
Ao 7 pt B AlEste] sy AARALe S
Z7F 0.8 mmvhel 2, FAEST7 15 pmol ATHFig. 3(a)).
olnf, A WAAL mAgE 2 AAZd & 0=
o] ZI & o] & Fdo] YElty). ojue] AdAiak
& [211] Wakel . T3 9418 gwdkel gl
B ApoM e ojd #E
& 9

A}EEM Ulfww NdLLM GAA ] Ao
g7do) EA| R-F dotry) S8 T

Aok ¥4 A3, FA gl &§2
7} 3 YebZ(NELLMS] &8,
3l i 9327 YepgA OLQ}Oug o)z
AL (Fig. 4). E3, A &
| A1 (Table 2), N&:LLM “& 0194011 T%E Aol _lﬂ_o
9ko = 2 (Fig. 5) A &§A Lol EAHUT. wepx

o%
N
o 1

:;
mﬁ
ol
L, o
~J
< <3
= @
3
M g0 L o e
_P‘ ulo M ag >

—_

e §2 X b R |y

A 41 A A9 5(2004)



680 HiQl= - A= -

0 20mm
[ —

(©)

A - A

i 2hum

(d)
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Fig. 5. XRD patterns of Nd:LLM crystal.
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Table 1. The Analyses of Grown Nd:LLM Crystal by PIXE

(unit : wi%)

Oxide Metal results’ Recalculated oxide’ Corrected oxide’ Weighing oxide in starting material"
La,0; 27.10%1.40 31.81 30.79 3145
Nd,O4 298+0.16 347 3.36 3.60
MoO; 43.10+2.20 64.70 62.64 61.74
Li,O 3.20 320
Remarks

1 : analyzed by PIXE (unit : wt% as metal)
: recalculated from metals content to oxides content

2
3 1 corrected from column 3 based on original Li,O(3.2 wt%) content of starting material
4

: original content of oxides in starting material

Table 2. X-Ray Powder Diffraction Data of the Nd:LLM Crystal

hkl d(A)” 11" d(A) 1,
101 4.82 10 4.85 9
211 3.15 100 3.17 100
004 2.91 10 293 22
200 265 16 2.66 11
211 233 4 2.33 3
204 1.96 16 1.97 17
220 1.87 8 1.88 23
116 1.72 8 1.74 40

UJCPDS card No. 18-734, unrefined study.
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Fig. 8. XRD pattern of Nd:LLM single crystal grown with
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