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Light Emitting Devices Using Nanowires Formed on Si Substrates
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We investigated the design and growth of nanowires (NWs) to realize highly-efficient light
emitters having large Q-factors on Si substrates. To find a design principle for NWs with large
Q-factors, resonance wavelength in finite-length NWs was calculated using finite-difference
time-domain (FDTD) simulation. It was confirmed that the NWs could exhibit cavity modes with
very large Q-factors. It was also found that the resonance wavelength followed the propagation
constant B(A) ina NW with infinite length, and the cavity mode was understood by the hybridized
one of whispering gallery modes in a cylinder and longitudinal modes of a Fabry-Perot cavity.
This enable us to predict the required size of NWs for a given wavelength, and diameter about
700 nm was obtained for GaAs NWs with resonance wavelength ~850nm. To facilitate the
formation of thick nanowires on Si substrates, we proposed the two-step growth of NWs in
selective-area metal-organic vapor phase epitaxy (SA-MOVPE), where a vertical growth of
NWs was applied as a first step on the substrates partially covered with SiO, mask, followed
by the lateral growth to enlarge the diameter of NWs. The control of the growth direction
was achieved by manipulating the growth conditions. By investigating the characteristics of
the lateral growth, GaAs NWs with diameter larger than 700nm was successfully grown by
SA-MOVPE. The photoluminescence measurement was performed on grown NWs and it
was found that the emission intensity of thicker NWs after lateral growth was much stronger
than that before the lateral growth. The enhancement of the emission intensity is much larger
than the increment of the volume of NWs. Moreover, the thicker NWs exhibited multiple PL
peaks, which suggested the formation of cavity modes with sufficiently large Q-factors. Strong

emission of InGaAs quantum well in core-ishell heterostructure nanowires was also confirmed.
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