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One of the current trends for material development is manufacturing art1ﬁ01al high-quality crystal
jam stones. The controlling factors influencing the quality of the jam stones include the
concentration and the distribution of dopants. It is very important to investigate the dopant
concentration in crystalline jam stones. In order to produce high-quality crystalline gem stones
efficiently, the contaminants coming from crucible must be removed during melting growth.
Floating-melting-zone showed the advantage of promoting the crystal quality, because it is devoid
of contaminants. Laser Heated Pedestal Growth (LHPG) having both the advantages of Pedestal
Growth and Floating-melting-zone Method was widely used in manufacturing jam stones. The
heat-induced capillary flow in the melting zone and the different diffusion rate of the various
dopants provided a great difference in dopant concentration distribution. We used low
concentration Nd ion and Cr ion as dopant in YAG and investigated the change in concentration in
LHPG crystals. Two-dimensional numerical simulation analysis was used to understand those
related physical mechanisms.
A finite volume method with non-orthogonal bodyfitting grid system was used to simulate the
manufacturing process. We compared the shape of the molten zone depicted from the simulation
and that observed from experiments. The radial dopant concentration distribution showed
completely opposite tendency between Nd ion and Cr ion. Those related physical mechanisms
were verified by the simulation. Results of our experiments and simulation provided detailed

conditions of crystal growth by LHPG or similar floating-melting-zone method.
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These five stones (ranging in weight from 2.38 to 4.18 ct) look like natural emeralds, and it
takes a gemologist to tell them apart, using simple tools available in a jewelry store. From

left to right, natural amerald, synthetic YAG (yttrium aluminum garnet), , fluorits,
synthetic emerald. Photograph by R, Weldon, courtesy GIA
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