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Overview
• At Bristol, we have had a good relationship with Lumerical since 2011 when we 

purchased our first license for Lumerical Finite Difference Time Domain (FDTD) 
Solutions.

• To date, we have a site-license with 40 Lumerical FDTD licenses, 40 Mode Solutions, 20 
Device & 20 Interconnect licenses.

• We have played an evolving role during 3.5 years of the www.ManuGaN.org project to 
date.

• There are a number of studies underway involving various partners, where FDTD 
simulations have moved things forward significantly : 

o Origin of resonances within a single InGaN/GaN nanorod 
o Confinement enhancement in InGaN Microdisks
o Origin of resonances in axial InGaN/GaN nanotube microcavities

http://www.manugan.org/


A Single InGaN/GaN Nanorod

• CL hypespectral imaging in Strathclyde 
had identified two different, spatially 
separated active zones showing emission 
from the semipolar sidewalls (395-
480nm) and from the c-plane QWs in the 
apex of the nanorods (490-650nm) [1].

• Using Lumerical FDTD we were able to 
simulate, in 3D, the whole structure of 
the nanorod.

• By placing a dipole source in the apex, 
we were able to excite a number of 
‘quasi-WGM’ in the rods, which showed 
good agreement with the CL 
measurements.



A Single InGaN/GaN Nanorod – 3D FDTD E-Field Snapshots



Confinement Enhancement in GaN Microdisks

• Following our work on the GaN 
nanorods, Sheffield required us to do 
some simulations on their microdisk 
structures due to a lack of observed 
lasing [2].

• Utilising 3D FDTD, we were 
able to determine that simply 
increasing the thickness of 
the AlN buffer layer, while 
maintaining the overall 
thickness yielded multiple 
lasing peaks.

• Through accurate knowledge of the 
grown structure parameters, we were 
able to simulate the origin of the 
lasing modes.



Confinement Enhancement in GaN Microdisks
• Comparison with the unpatterned sample 

shows the dramatic high-Q lasing peaks.  
The strong confinement is due to the air 
undercut and thick AlN buffer layer.

• These are again quasi-WGM, due 
to the presence of a vertical order.

• Higher-order vertical modes will 
be more likely to leak out of the 
structure vertically.



Origin of Resonances in Axial InGaN/GaN Nanotube Microcavities

• Large-scale homogenous dense arrays 
of axial InGaN/GaN nanotube from 
planar LED structure were fabricated 
in Bath using a combination of 
Displacement Talbot Lithography for 
patterning and ICP top-down etching 
[3].

• To simulate in Lumerical FDTD, due 
to the non-circular geometry, the 
actual SEM picture was imported as 
the cross-sectional geometry.

• Measurements were carried out by 
project partners using CL, µPL & PL 
and compared to the 3D-FDTD 
simulations.



• These again have the attributes of 
quasi-WGM, due to the presence 
of a vertical order.

• Very good agreement is shown 
between measurement and 
simulation.

Origin of Resonances in Axial InGaN/GaN Nanotube Microcavities



Conclusions

• The FDTD method is a flexible and accurate simulation tool for a range of 

photonic device applications

• FDTD enables wideband modelling which is ideally suited to studying multi-

resonant  devices

• In the ManuGaN project Lumerical FDTD has been used to successfully 

analyse and design a range of micro and nanoscale resonant light emitting 

devices
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