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ABSTRACT

The 1nmer crack-like pore with controlled amount of Ca impurity 1n the high purity aluminz single erystal, sapphire, had
been created by micro-fabrication techuique, which includes 1on implantation. phota-lithography, Ar 1on milling, and hot
press technique. The crack-like pores in two-hour hot pressed specimen were extremely stable, even after heat veanng at
1,800°C for 5 hours, almost no healing was observed. But, the crack-like pores i one-hour hot pressed specimen at
1.300°C were healed by heat treatment. and the amount of healing was increased with the heat treatment time and
temperature, and the amount of Ca addition. The edges of crack-like pore parallel to <1100 direction in (0001} basal plane
were stable, but the edges normal to this direction in (D001) palne, <1120 direction were unstable to facetting. This means
that the surface enerpy of alurnma along the <1100 direction in (0001) basal plane is much lower than <1120 direction.
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Table 1. Summary of Crack Healing Behavior. Longer Edges of Crack-Like Reclangular Pore were Measured (or the Healing

Rate by Micrometers in The Micrescope and/or Stage Micrometer (%)
Temperature L,700°C 1,800°C
Ar £ Co Heat Treatment
i Time| 40 min 80 1min 160 mm 300 mm
Hot Press Time(hr)
1 12.3 108 12.8 386
50 ppm
2 0.6 02 02 02
1 116 11.1 223 62.1
100 ppm
2 0.2 0.2 02 N2
1 119 30.5 358 08.2
200 ppm
2 12.1 14.8 13.5 316
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Fig. 1. Photomicrograph of tnangular crack-like pores in 200
ppm Ca doped single crystal alumina heat treated at
1,700°C for 160 mun.. Upper twao triangle shape crack-
like pores, all of the edges were parallel to <1100>
direction (g) and the edges of lower two (riangles
filted 12° to the prismatic plane direction, g, <1100,
Note that the perturbation and ligaments were
initiated at the lower mangles, The crystallographical
mismatches of edges in the lower Lriangles with g,
<I100> directions might be responsible [or its
perturbation and ligaments formation.
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Fig. 2. Photomicrograph of rectangular crack-like pore in 50
ppm Ca doped single crystal alumina heat treated at
1,600°C for 60 min. Note thal the faceting occurred ai
the edges nommal to g, <1100> direction and no per-
turbation and faceting was observed along the edges
parallel Lo the prismalic plane direction, <1100,
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Fig. 3. Pholomicrograph of rectangular crack-like pores in 50
ppm Ca doped single crystal alumina heat treated at
1.600°C for 60 min. MNote that the faceiing and
perturbation occurred at the edges parallel 10 e,
<1120> direction and no perturbation and faceting
was observed along the edges paralle! 1o the prismatic
plane dircction, g, <1100,
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Fig. 4, Photomicrograph ol long channel-like pores in 50
ppm Ca doped single crystal alumna heat treated at
1,700°C for 40 min, Nate that the Taceting occuned
only at the channels parallel to e. <I120> direction
and no perturbation and faceting was observed along
the channels parallel to the prismatic plane direction,
g, <1100>. The average fon milled depth 1s 0.165 um
and the width of the channel parallel  <1120>
direction 15 5 pm and the width of 1efi two channels
parallel 1o the prismatic plane direction, <I100>, is
2 um and the channel at the right side parallel wo the
<1100 is 10 pm. The width of channels in the
middle of the <1100>, 15 5 um. The direction e is
<1120> and 2, <1100>.
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