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Abstract

Cr:ALO; and Ti:ALO; single crystals were grown by Czochralski method, and the effects of crystal growth
parameters such as pulling rate, rotation rate, dopant and growth atmosphere on crystal quality were investigated. And
spectroscopic properties including lasing efficiency were also measured.

Single crystals, sized of 20mm in diameter and 100~135mm in length, were successfully grown from the seed of
<001> direction. With the doping level of 0.5wjo Cr,Os, pulling rate of 2.0mm/hr, rotation rate of 30rpm and inert
atmosphere by nitrogen gas, high quality crystals of Cr:ALO; were grown. While in case of Ti:ALbO; crystals, high
quality crystals were grown under the conditions of the doping level of 0.25wfo TiO;, pulling rate of 1.5mmhr, rotation
rate of 30rpm and reducing atmosphere by hydrogen - nitrogen mixed gas. It was confirmed that Cr’* jon which
maintains its ionoc valence during growth easily de-bubbled than Ti** ion which changes its valence, Fe"* ion also has
de-bubbling effect to Ti:ALO; crystal and the reducing atmosphere by 90% N, - 10% H, mixed gas gave effective
result on the changing of Ti** to Ti"" and de-bubbling.

As a result of spectroscopic measurements of Cr:ALO; crystal, ‘A — ‘B and R absorption transitions and E—
‘ARy) and 2 *AsR,) fluorescence transitions were confirmed. And it was measured that wavelengths of laser R
and R, transitions were 696=5nm and 692+5nm respectively, line width of these transitions were 12A, and life-time of
fluorescence was 152 usec. In case of Ti:ALO; crystals, it was confirmed that absorption transition of ‘T;— ‘E and
fluorescence transition of ‘E—'T, with wide range of 650~1050nm was occurred. And 147 usec of lifetime of
fluorescence, 125.4 of figure of merit and 9% of laser efficience were also measured.
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Table 1. Growth Conditions and Their Results of Cr”, T*, Fe* Ion Doped AlO; Single Crystals.

Single Crystals Growth Conditions Results of Growth
. Pulling Rate | Rotation Rate | RFPower | Growth | Diameter | Length | Weight
No Composition Color | Transparency
(un/hr) (rpm) (mV) | Amosphere | (um) @ | @
RI | ALO05wjo Cr0; 20 15 14.90 N2 195 1355 | 1237 | Red Transparent
R | ALOHOSWo Cr0y 20 0 1456 N 193 | 132 | 1152 | Red | Transparent
T1 | ALOs0.5wjo TiO, 20 15 1474 N2 21 1082 | 1073 | Bluish Bubble
Pink Opaque
T2 | ALOy05wjo TIO, 20 15 1501 | 90%N:- 200 1073 | 1039 | Pink Transparent
10%H,
T3 1 ALOw05wjo TiO, L5 30 14.88 90%N,- 215 748 1115 | Pink Transparent
10%H,
T4 | ALO:H0.25wjo TiO, 15 30 1458 90%N;- 212 1031 | 1787 | Light Transparent
10% H, Pink
Fl | ALOw0.5wjo TiO, 20 15 1482 | 90%N:- 215 1269 | 1597 | Dark Transparent
+10wjo Fe0y 10% H, Pink

A6A 15, 19%.
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Fig. 1. Photographs of as grown @Cr:AkOs (RD), (bICrAKO: (R2), (©)TEALO, (TD), TEARD; (T2), (@TEALD; (T3), (DTEALD;
(T4) and (g)Fe Ti:ALO; (F1) single crystals.
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Fig. 2. Stereographic projection of (a)Cr:AbQ; and (b)Ti:ALO:
single crystals.
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Fig. 5. Photographs of Fe, Ti:AlO; (F1) single crystal showing the distribution of bubbles at the region of (a) neck and shoulder

and (b) body.
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Fig. 6. Room temperature absorption spectrum of (a) Cr/ALO; and (b) TiALO; single crystals.
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Fig. 8 Room temperature fluorescent decay of (a) Cr:ALOs and (b) Ti:ALO; single crystals.
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Fig. 9. Result of laser oscillation test for Ti:ALOy single crystals.
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