
Dot-in-a-Wire White-Light-Emitting Diodes 

Overview:

McGill University is seeking to out-license intellectual property relating to catalyst-free growth of InGaN/GaN
dot-in-a-wire light emitting diodes (LEDs) monolithically grown on Si(111). The emission characteristics are
controlled by the quantum dot properties during a single epitaxial growth step. The dot-in-a-wire nanoscale
heterostructures exhibit: (i) Phosphor-free white LEDs with internal quantum efficiency in the order of 57%; (ii)
nearly unaltered CIE chromaticity coordinates with increasing injection current; and (iii) virtually zero efficiency
droop at current densities up to approximately 640 A/cm2. The performance of the device is due to superior
three dimensional carrier confinement provided by the electronically coupled dot-in-a-wire heterostructures,
nearly defect and strain-free nanowires and enhanced hole transport properties.

Figure 1: (a) 45o tilted scanning electron microscopy image showing the morphology of the InGaN/GaN dot-in-
a-wire heterostructures grown at grown at 440°C on a Si(111). The wires are vertically aligned to the substrate
and exhibit a high degree of size uniformity; (b) Low magnification bright field scanning transmission electron
microscopy image showing the position and vertical alignment of the InGaN dots in a GaN nanowire.

The Need:

The Internal Energy Agency estimates that grid based lighting consumes 19% of global electricity production.
Consequently most industrialized countries have committed to phasing out incandescent bulbs. While
inexpensive to purchase, they are costly to operate. Solid-state lighting has potential to radically change the
lighting industry. LEDs hold promise for lower energy consumption and reduced maintenance. The challenge is
to achieve an efficient, low cost device with a stable color output.

Characteristics:

 LEDs are produced on low cost silicon substrates.

 Structural and optical properties can be varied by controlled growth conditions

 Defect-related yellow luminescence associated with GaN films, is absent in catalyst-free GaN nanowires.

 Unprecedented design flexibility and scaling capability for lighting applications.

 57 % quantum efficiency at room temperature.
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Research focus:

 Epitaxial growth and fundamental properties of semiconductor nanostructures, including quantum dots, 
nanowires, and nanotubes

 III-nitride materials and devices
 Light emitting diodes, lasers, solar cells, and solar hydrogen
 Quantum dot micro and nanotube photonics and Si photonics
 DNA sensors
 Nanowire transistors
.
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