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Isotopic purification of carbon used to manufacture synthetic diamonds has resulted in
substantially improved physical properties. Published tests conducted by GE and others have
shown that the removal of a small amount of carbon-13 to produce isotopically pure carbon-
12 synthetic diamonds can result in 50% improvement in room temperature thermal
conductivity of the diamond. At cryogenic (i.e., extremely cold) temperatures, the heat
conductivity is so great that it cannot be measured using conventional techniques.
Additionally the new diamond was found to be highly transparent, and the light transmission
at certain frequencies was increased by approximately 10 times without the diamond
sustaining damage. GE has stated that isotopically pure carbon-12 diamonds may enable
faster, more reliable computers due to their superior heat removal capability and may result in
more efficient laser cutting tools and more accurate devices, and that the new diamonds may
enable designers to use lasers in semiconductor fabrication techniques.

Synthetic diamonds made from isotopically pure carbon-13 have been found by Ford
Motor Company scientists to have the highest density (atom/cm3) among other solids known
to exist on earth. These isotopically pure carbon-13 diamonds are harder than any other
known materials. Studies conducted at Lawrence Berkeley Laboratory and the Max Planck
Institute on isotopically pure germanium have shown thermal conductivity improvement
similar to that found in isotopically pure carbon-12 diamonds.

There are believes these and other improved properties might be found in other
isotopically pure materials and may result in commercial opportunities, particularly in the area
of semiconductors. According to the Semiconductor Industry Association, the 1995 market
for silicon wafers and other semiconductor substrates was approximately $6 billion. This
market is projected to grow 50% by the year 1999 to other $9 billion. Improvement in the
thermal conductivity of these materials is important since the feature size continuously
decreases, the power density increases. As power density increases, more heat is generated
per unit volume, causine, device operating temperature to rise. The semiconductor industry is
moving towards a lower operating voltage and is using mechanical means to remove bulk
heat, but there are believes that greater heat dissipation on the micro scale will become even
more important to the industry in the future. Better thermal conductivity directly affects heat
removal capability and indirectly increases device speed. As the industry moves toward multi-
layer devices and true 3-D chips, the ability to remove heat will be a material consideration
for the semiconductor industry.
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Natural silicon contains three isotopes, silicon-28 (92%), silicon-29 (5%) and silicon-30
(3%). An otherwise perfect crystal of silicon will contain imperfections in the form of
isotopes of different mass with the density of these imperfections amounting to nearly 8%.
This far exceeds the doping levels and density of imperfections ordinarily found in device-
quality crystals. There are believes that removal of the minor isotopes should result in
substantially improved thermal conductivity.

Laboratory tests have shown that isotopically pure silicon-28 has 50 percent higher
thermal conductivity than natural silicon. The improved thermal conductivity of silicon-28
will facilitate the manufacture of higher density integrated circuits resulting in increased
performance and improved chip yields. These benefits might be of particular importance in
small runs of custom chips and in situations where time to market in of utmost importance.
The attractiveness of silicon-28 is that while it has improved properties over standard silicon,
it can be used without any changes in existing semiconductor manufacturing processes.
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We review our contributions to the understanding of the structure and properties of
irradiation defects in the high TC superconductor YBa2Cu3C>7.x (YBCO) using several
transmission electron microscopy (TEM) techniques. Irradiating particles have included fast
neutrons, ions with energies from 50 keV to 2 GeV, MeV protons, electrons, and gammas. In
much of this work it has been possible to correlate TEM data with that of bulk
superconducting property measurements on the same or similar single crystals. This has been
valuable to understanding some aspects of magnetic vortex pinning by the irradiation defects,
and thus the often-large enhancements of the critical current density.

It has long been recognised that particle irradiation can produce defects in type 2
superconducting materials which can be effective in pinning magnetic vortices and thus
increasing the critical current density (JC). Early work in low temperature superconducting
materials (e.g. NbsSn) showed substantial enhancements of JC following fast neutron
irradiations. The defect proposed to be effective in pinning vortices was the cascade defect; a
small volume of high defect concentration produced by the high-energy atom recoils from
collisions with MeV neutrons. As in the low temperature superconducting materials, it was
immediately discovered that neutron irradiation enhanced JC substantially in YBCO. TEM
studies of the structure of the vortex pinning defect in the new superconductor were
undertaken. Proton irradiation of YBCO was soon found to be as effective as neutron
irradiation in increasing J c . Again, defect structures produced by 3 MeV proton irradiation of
50 |im crystals were related to vortex pinning and were the subject of TEM investigations.
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