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tried, with powders having the advantage that they allowed a lower laser intensity
to initiate growth. This is possibly due to greater absorption of the beam through
internal reflection, or lower thermal conductivity.
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Fig 1. SALD System, Zong et al [8]

Results

The above conditions led to growth of a glossy black material.
Measurement of rods grown in a stationary beam indicated growth rates of 1.5
mm/min, or 90,000 um/hr. This is approximately 180 times greater than the 470
um/hr [9] to 510 um/hr [10] reported for conventional CVD of silicon carbide
from tetramethylsilane in hydrogen.

Several analytical results for the deposited material were consistent with
those for amorphous silicon carbide. X-ray diffraction studies of the resulting
material indicated that the material was amorphous, with no crystalline silicon,
graphite, or silicon carbide peaks present. The material was also found to be
harder than polycrystalline alumina in a scratch test. Auger spectra of the
deposited material were compared qualitatively with a hot-pressed silicon carbide
standard and showed a silicon to carbon ratio within six percent of the standard.
In an additional experiment, samples placed in a furnace at 850 C in air for
twenty hours showed a unmeasurable (0.001 g) weight loss while a similar
quantity of graphite was completely consumed in less than two hours.

Slow scanning of the laser beam (20 um/sec) produced curved or
articulated rods, showing that growth could be produced at least 45 degrees from
the vertical direction of the laser beam. Faster movement of the beam (100-400
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We encountered two obstacles when we attempted to deposit thick or
multiple layers of silicon carbide to produce three dimensional objects. First,
when scanning over an existing layer,the steep,. rapidly moving temperature
gradient caused severe cracking in the underlying layer. The thermal shock
combined with any residual stresses in the first layer cannot be resisted by the
thin silicon carbide, even though silicon carbide has a good thermal shock
resistance for a ceramic material. Several approaches may have to be employed
in the future to alleviate this problem: First, the entire deposition area may be
heated to a high temperature, reducing the themlal gradient needed. Secondly, a
deposition chemistry which can use a lower temperature may be employed.

Another problem encountered is non-uniform growth in thick or multiple
layers. Although the uniformity in a single layer seems quite good, the smallest
projection from the surface becomes excessively hot during subsequent heating
with the laser beam. This rise in temperature accelerates growth, making any
microscopic projection unstable for extended growth. This is separate from the
problem of localized growth due to a nucleation barrier observed by Zong in the
SALD of pyrolytic carbon [11].

Conclusion

We have successfully produced silicon carbide rods and single layers using
the SALD process, delTIOnstrating its potential as a rapid prototyping tool as well
as a method for producing structural parts. The lack crystallinity may be
explained by the extremely high growth rates achieved, and lTIay be desirable
where high resolution is needed. Thermal shock considerations may be solved in
the near future using proposed techniques, but the instability of microscopic
irregularities the first layer will require further study.
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