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Crystal Growth of Y3AlsO12 and Nd :Y3Als0x2
by Czochralski Technique
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Abstract

Y3AO and Nd : Y3AkOr, single crystals were grown by Czochralski technique. The effect of pulling rate,
rotation rate, and doping level of N& ion on the crystal quality were studied. Various types of defects were
analysed by photo-elastic effect and chemical etching method. Finally, spectroscopic and laser properties of
grown crystal were measured. v

Optimum pulling rate for good quality was dependant on the doping level of Nd&” ion. It was found that the
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suitable pulling rates for pure YsAlOy, for 3.0~35 a/o Nd* ion doped Y3AkOr, and for more than 40 a/o
Nd&* ion doped Y:AlOr were 2~4mm/hr, 0.6~05mm/hr, and less than O4mmyhr respectively. Solid-liquid
interface was convex at the rotation rate of 27~60rpm, and concave at the rotation rate of 80~100rpm. Growth
axis was confirmed to <111> direction and lattice parameter was measured to 12.017A. Core, {211} facets,
striations, inclusions of metal particles, dislocations and optical inhomogeneities were detected.

Four level laser transition of N& ion in YsAlOp single crystal were identified by the spectroscopic
measurements. Laser rod with 40mm diameter and 63mm length was fabricated from grown Nd : Y3AlsOp
single crystals. 181] of lasing threshould and 0.49% of soope efficiency were measured by the pulsed laser

action.
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Table 1. Growth Conditions for YAG and Nd:YAG Single Crystal

As Grown Crystal
Crystal Namber | Single Crystal P‘t“;ﬂ"fﬁw RO“"(?;’;OR“ RF('mPO\:)V « S N
(mm¢ x mml)
f YsAlOr 20 1918 % x 110 Colorless
” YaAKOr 40 1915 %5 x 6 "
8 YsAKOr 40 1944 % x 13 "
# YaseNcorsAlOrz 032 100 1942 18 x 117 Pale Violet
# YaseNdorsAlOr2 06 2 2003 B x 5 "
# YomsNchisAkOr 06 40 "\T 2024 2 x 103
# Y20:NdosAkOr 06 Q0 1686 16 x 3 "
# YomeNcoiosAlOrz 05 7 1675 18 x 128 "
9 YaaNco12AkOr2 05 50 1344 17 x 109 "
#0 Y2sNdo12AKOr2 04 60 1356 B x 112 S
#1 YossNco12AKOr 04 50 138 2 x8l "
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Fig. 1 As grown YAG and Nd*;YAG single crystals.
(a) crystal #1, (b) crystal #3, (c) crystal #8, (d) crystal
#10 and (e) crystal #11
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Fig. 2. (a) Laue pattern of Nd : YAG single crystal and (b) X
ray diffraction pattem from growth normal wafer of
YAGH#3) single crystals.
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Table 2. X-ray pattern analysis of single crystal phases of YAG, Nd : YAG and Nd : YAG polycrystal
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4911 49278 | 49279 | 4.89 3| 81 | | % 21| 211 | 211 | 21
4249 | 42704 | 42704 | 424 8 | 6 5| 10 20 220 | 220 | 220
- - 8| - | sw| - -l 5 |- s - - -] -
3.212 | 3.2208 | 3.2108 | 3.21 6 19 | 24|20 21| s | s | sz
3.005 | 3.0178 | 3.0178 | 3.00 u | 28 31 | 30 40| 400 | 400 | 400
2.687 | 2.6905 | 2.6905 | 2.69 100 100 | 100100 20| 420 | 40 | 420
|- |eear| - |26 - -l 5] - w0 - - -] - lm
2453 | 24551 | 2.4551 | 2.45 15| 19 8 | % 22| 42 | 42 | 42
2.358 | 2.3559 | 2.3559 | 2.36 4] s 5| 6 81| 431 | 431 | 43
2194 | 21961 | 2.191 | 219 u | % | 4| N 521| 521 | 521 | 521
- 2150 - |2154] - - 3 |- | 2]- o
2126 | 21222 | 21222 | 212 4| 4 46 “o| a0 | a0 | a0
1,940 | 1.9529 | 19529 | 1.952 0| 23 | 5|2 611 611 | 611 | 611
L771 | 17712 | 17693 | 2.772 1| 2 7| 2 631| 631 | 631 | 63l
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1,606 | 1.6040 | 1.6040 | 1.608 9 28 | 25| 642| 642 | 642 | 642
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1502 | 1.5021 | 15021 | 1.503 10| 9 12| 16 800| 800 | 800 | 800
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Fig. 3. Stress-birefringence image of YAG{#3) single crystal showing various types of defects (growth parallel wafer).

Yo0s 1 AlOs9] H]7} 3:5¢1 AL congruent melting  V=(0829 + 002) x 10° exp (5487 x 10' /T)

<l
ZAOZ gamet TRE Z¢Etin ¥ gk vl gloun, g/cmz "SEC, Vp=10" /[(—2614 + 2690)+3.113P] g/(:rn2
Oganesyan®™ $-& YAG €9 EW9) @9 WAT 2  .ee@ HTd 1} Quh YAGEo] 23 Q= o]ge

ollo
G&N
BEEE 2R 7] ZIAYEY BEA HZE g o AASA 29 congruency

L 56



Aol 27 YaAls01 R Nd : Y3Al:01 BE% 84

b

0.1mm

Fig. 4. Striations in YaeNdoAlOrp#10) single crystal (wafer parallel to the growth direction).
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Fig. 5 Stress-birefringence images of YomNdy12AEOr2 #10) single crystal (wafer normal to the growth direction).
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Fig. 6. (a) Stress-birefringence images of metal particle inclusion and
(b) enlarged photograph of the central defect of (a) in lower polar.

Fig. 7 Etch pits of inhomogeneous phases on
the shoulder of YAG single crystal (#3).

Fig. 8 Etch pits of metal inclusion shoun in Fig. 6(b).
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Fig. 9. Room temperature absorption spectra of Nd : YAG.
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Fig. 10. Room temperature fluorescence spectra of Nd : YAG.
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Fig. 11. Lasing curves obtained by the laser action.
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