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Introduction 

        LED lights and technology are being used more often in today’s society. Compared to 

traditional illumination they are far more reliable and efficient, in the sense that they last longer, 

are environmentally friendly, and most importantly, they reduce energy waste. Studies show that 

they use 75% less energy and lasts 25 times longer than your average light source. Current white 

LEDs present an efficacy of 150-175 lm/W, but to work towards the US Department of Energy 

target of 225 lm/W by 2025, it is necessary to develop new structures and designs for phosphors 

in WLEDs. Nanowires are 1-dimensional nanostructures, which due to their unique geometry, 

can confine light in dimensions smaller than the wavelength of light, leading to enhanced optical 

properties. The focus is on a form of this structure known as a core-multishell nanowire, which 

has a greater surface area and correspondingly a large absorption efficiency compared to your 

typical phosphor, which is made of particles dispersed in polymers and suffers from low 

absorption and thermal degradation. These core-multishell nanowires will be used as phosphors 

for the WLEDs to improve its efficiency and color rendering. 

 

Methodology 

       CS NWs are modeled as cylinders with infinite length and with the incident light 

perpendicular to its axis. To obtain a solution to Maxwell’s equations, a Mie formalism was 

utilized to calculate the absorption properties of CS NWs. It also has emission properties that 

include the LDOS and Purcell Factor, which was calculated using a Green’s Function approach.  
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The emission can be described as arising due to the magnetic and electric fields emitted by a 

dipole, which is caused by the recombination of an electron and a hole at the band gap of the 

semiconductor. The complete solution account for the orientation of the dipole is defined as a 2D 

Green’s tensor. This tensor can be used to calculate the local density of states, and consequently, 

the PF. The Green’s function for the inhomogeneous Helmholtz equation is given as: 

(∇2 + 𝑘2)𝐺(𝑟, 𝑟𝑠) = 𝛿(𝑟 − 𝑟𝑠) 

        𝐺(𝑟, 𝑟𝑠) =
1

4𝑖
𝐻0

(1)
(𝑘|𝑟 − 𝑟𝑠|) 

The local density of states or LDOS can be obtained from Green’s tensor as follows: 

ρ(𝑟𝑠, 𝜔) = −
2𝜔

𝜋𝑐2
𝐼𝑚[𝑇𝑟(𝐺𝐸(𝑟, 𝑟𝑠, 𝜔))] 

The emission rate due to a dipole of strength μ can be computed from the LDOS as follows: 

                                                       𝛾 =
2𝜔

ℏ휀
|𝜇|2ρ(𝑟𝑠, 𝜔) 

. The Purcell factor (PF) can then be defined as the ratio of emission rate in the presence of scatters 

to that in free space. 

PF =
γ

γ0
=

ρ(rs, ω)

ρ0(rs, ω)
 

Tool Information 

     The tool is rapture based, with all data stored within a subversion repository. It has pre-chosen 

materials and is only able to predict properties of up to 2 shell layers. The properties that it predicts 

are the Local Density of Sates and Purcell Factor, with the primary units being nanometers. There 

are tabs set up where there are options to change the nanowire parameters and materials. There is 

also a dropdown menu where options are set up to change the type of calculation, such as: 

1) LDOS and PF along the nanowire radius. 

2) PF of the selected NW layer. 

3) PF contour plot for varying NW thickness 

With the most recent option being: 

4) LDOS contour plot for varying NW thickness. 

Wavelengths can also be adjusted to the users desire. Graphs are produced as the results of the 

options are being calculated.  
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Developer Details: 

    Since the data is managed in a subversion repository, several svn commands would have to be 

applied if any changes are made to the source code. Examples of these commands include: svn 

commit, svn update etc. 

    To make changes, the main script and tool.xml would have to be adjusted. Knowledge of 

rappture and some of its commands, such as rappture –builder, rappture –run and rappture –test is 

also required. 

 

 

                                                                                                               

           

 

 

 

 

 

 

 

 

 


