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BACKGROUND MATERIALS AND METHODS CONCLUSION
Boron phosphide, BP, is a compound semiconductor potentially useful | |~rysTAL GROWTH
in solid state neutron detectors because of the large thermal neutron 5> Flux Growth Method » Good bulk cubic BP crystals were produced via this technique at
capture cross-section of the boron-10 isotope (3840 barns)*. Phosphorus Ni+B low temperature of 1150°C.
% g % > XRD and Raman shows that there are no other phases besides BP.
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/ g g g Photoluminescence suggests there might be other elements
Neutron .: 25°C  ~  25°C ___25°C __25°C i present at low concentrations.
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Boron » The cooling rate of crystal growth
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was critical to crystal size , and it
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; 7 | iR also affects the lattice constant
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e® 4. PR 2 150 % 1s0ec % 1s0ec crystal lattice) of the crystals. This ‘ // / “
e 2 Figure. 1 Temperature Profile of two furnace zones wrt time COUId be because Of the Increase in “'
Boron-10, an isotope of boron, undergoes nuclear reaction with BP crystals precipitate from the . - growth rate actuaI.Iy caused "l " .~ '|. 1
neutrons to emit helium nuclei (alpha particles) and lithium nucleiZ. nickel solution during cooling at mo | NeBregon cooling defects on the lattice. S==s
108 + h - 7] i3+ + 4Hez+ +v + 2.4 MeV rate of 3°C per an hour. The .
nickel was then etched from the o
The produced alpha particles can then be detected using electronic crystals using aqua regia (a . 50 Phosphorus region
>ENSOrS. mixture of nitric acid and 0 - FUTURE DIRECTIONS
hydrochloric acid, at volumetric 0 % - - - - pol
MOTIVATION ratio 1:3). Flgure. 2 e > Improve the technique to reduce impurity and defects
- . . RESULTS » Use high purity source materials
The ability to intercept attempts to smuggle nuclear weapons into » Larger BP crystals (~>1cm)
the United States is critically important for homeland security. New ——— » Increase source materials
types of neutron detectors are especially needed, as current devices Codlingrate | 2°C/hr. | 3°C/hr | 10°C/hr | 100°C/he > Increase quartz tube reactor size
employ a rare helium isotope (*He), which was a byproduct of the Crvsal | 1-2mm | lmm | <lmm | <100Hm > Cooling at slower rates

production of hydrogen bombs. » Study electrical properties

» Current- voltage measurements

» Capacitance-voltage profiling

» Resistivity as a function of temperature

» Hall effect measurements for electro mobility
» Fabricate a Neutron detecting device

Lattice (A) 4.534 4.543 4.550

Table. 2

As the production of
hydrogen bombs has largely
ceased and the need for
homeland security has

rown, demand for 3He has :
5 ’ 3 Figure 3: A - Image of a red BP crystal under a microscope revealing the color, shape and average size. B - SEM image showing the > Construction
greatly exceeded su pply morphology of a 1.5mm single crystal with flat facets. Table 1: shows variation of crystal sizes at different cooling rates and lattice > Testing
The hlgh thermal neutron ca pture cross-section of boron isotope in constants. Table 2: EDS results showing the st0|chlometry ratio of BP N
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crystalline boron compounds like BP, BN, and B,,As, are under . S| 8P ACKNOWLEDGEMENTS
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consideration as potential alternative for neutron detectors. 5 0000 8 7 ™ LA
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