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Abstract 

White light based on blue laser – YAG: Ce3+ phosphor has the advantage of implementing solid-state lighting and 
optical wireless communications combined-functionalities in a single lamp. However, the blue light was found to disrupt 
melatonin production, and therefore the human circadian rhythm in general; while the yellow phosphor is susceptible to 
degradation by laser irradiation and also lack tunability in color rendering index (CRI). In this investigation, by using a 
violet laser, which has 50% less impact on circadian response, as compared to blue light, and an InGaN-quantum-disks 
nanowires-based light-emitting diode (NWs-LED), we address both issues simultaneously. The white light is therefore 
generated using violet-green-red lasers, in conjunction with a yellow NWs-LED realized using molecular beam epitaxy 
technique, on titanium-coated silicon substrates. Unlike the conventional quantum-well-based LED, the NWs-LED 
showed efficiency-droop free behavior up to 9.8 A/cm2 with peak output power of 400 μW. A low turn-on voltage of 
~2.1 V was attributed to the formation of conducting titanium nitride layer at NWs nucleation site and improved 
fabrication process in the presence of relatively uniform height distribution. The 3D quantum confinement and the 
reduced band bending improve carriers-wavefunctions overlap, resulting in an IQE of ~39 %. By changing the relative 
intensities of the individual color components, CRI of >85 was achieved with tunable correlated color temperature 
(CCT), thus covering the desired room lighting conditions. Our architecture provides important considerations in 
designing smart solid-state lighting while addressing the harmful effect of blue light. 

Keywords: Yellow, nanowire, light emitting diode, laser, violet, white light, solid-state lighting, circadian rhythm.  

1. INTRODUCTION

In the past decade, solid state lighting (SLL) based on light emitting diodes (LEDs) and laser diodes (LDs) have 
gained significant attractiveness. Use of an environmental friendly nitride material in realizing highly efficient 
and stable sources have been the main driving force behind the SSL technology. Still, bottlenecks such as large 
dislocation density and strong polarization fields of several MV.cm-1 results in reduced electron-hole wavefunction 
overlap [1]. Also when targeting wavelength above green color severe alloy clustering and strain-induced defects also 
result in poor crystalline quality. Planar devices with high indium composition have been demonstrated, but they suffer 
from low IQE as well as pronounced ‘efficiency-droop’ which is a decrease in external quantum efficiency (EQE) 
with an increase in injection current. 

Unlike planar semiconductor epitaxy growth; self-assembled catalyst-free nanowires (NWs) materials can be grown 
on cheap scalable substrates with ease. Since the NWs are grown via radial strain relaxation, the condition for 
lattice matched substrates is relaxed. This allows epitaxial growth of long single crystal NWs, free of 
dislocation; which remains a challenge in realizing efficient planar devices.  The NWs can be grown at a low 
temperature in the presence of kinetically driven plasma thus allowing effective incorporation of indium for higher 
wavelength light emitting devices. In the presence of reduced strain, these structures exhibit weaker piezo-
polarization fields allowing the carriers to recombine with shorter lifetimes. Using these inherent advantages of 
NWs, optical devices in the visible regime have 
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Probed yellow NWs LED. (b) Image of white light generated in a reflective configuration
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value indicated with black arrow, further tweaking of the LD intensities can re-attain good white light characteristic 
values.  
 
     Table 1. Measured CCT and CRI values for different combinations of RGV LDs and yellow LED intensities. 

CCT (K) CRI 

4215 65.3 

4067 66.6 

3908 69.3 

3211 77.5 

3022 80 

2819 82.7 

2610 86.1 

2411 88.8 

 

4. Summary 
 GaN-based laser light emitting devices in lighting and visible light communication have attracted considerable attention 

because of their stability, efficient power consumption, and high-speed modulation capability. However, the blue 
component in the blue LDs/yellow-emitting YAG: Ce3+ phosphor white light generation platform have health related 
issues. By making use of the true yellow NWs LED in conjunction with red, green and violet LDs, we present a new 
solution to active-phosphor/LD architecture, which allows tunability while showing excellent color quality. We were 
able to get a warm white light with CCT of 2411 K and high CRI 88.8. Such results are comparable to more conventional 
blue LD based white light solutions. Our lighting architecture considers the removal of blue light, in significantly 
removing its detrimental effect to the human circadian rhythm, in designing smart solid-state lighting. 
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