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Fabrication of nanowires-based devices grown with controlled orientation
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ne-dimensional (1D) nanostructures-nanowires have shown promising potential to improve the device performance, such as

high-efficiency LEDs. The growth of semiconductor nanowires was discovered for the first-time by Wagner and Ellis in 1964
through the vapor-liquid-solid (VLS) mechanism. Since then, this method has become widely used for synthesizing semiconductor
nanowires. However, the growth of ITI-nitride nanowires with controlled orientation is challenged limited by the nature of the catalyst
or the substrate used for the growth. The control of following parameters is important for large-scale integration of nanowires into
practical devices: the vector (x, y) on a plane, orientation (), length (L) and diameter (d). First, the growth mechanism based
on nucleation theory and key issues related to the growth of IlI-nitride semiconductors nanowires will be presented. After that,
some solution will be proposed to grow GaN nanowires with controlled orientation by using VLS approach or selective-area-growth
(SAG) approach. We show that GaN nanowires grown on sapphire substrate with VLS approach can be controlled by tuning the
atomic percent ratio of Au to Ni in HVPE environment. Pure Ni catalyst resulted in the growth of single-crystalline horizontal GaN
nanowires, whereas mixture Au/Ni catalyst resulted in the growth of inclined nanowires with exceptional length and defect-free
structure. Subsequently, we focus on the growth of GaN nanowires by SAG-MOCVD on silicon substrates; in particular we are
interested to control the direction by inserting an orientation-induced buffer layer deposited by a directional sputtering before the
nanowires growth. Highly ordered nanowires along the surface normal direction to parallely inclined GaN nanowires were obtained.
HR-TEM and photoluminescence measurements indicated that the nanowires not only are free from structural defects (stacking
faults or dislocations) but also have a good optical quality regardless of the orientation. Field effect transistors (FETs) based on
horizontal nanowires have been fabricated by using conventional photolithography. The FETs exhibit reasonable electrical properties
similar to other vertical nanowires, confirming the good structural quality of our nanowires. This example highlights the potential of
the controlled oriented nanowires for the large-scale integration into practical devices.
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