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Abstract: In this work, we study the crystalline defect induced optical scattering loss inside 
photonic waveguide. Volume current method is implemented with a close form of dyadic 
Green’s function derived. More specifically, threading dislocation induced scattering loss 
inside AlN waveguides in UV–visible spectrum wavelengths are studied since this material is 
intrinsically accompanied with high densities of dislocations (typically on order of 108–
1010cm�2). The results from this study reveal that threading dislocations contribute significant 
amount of scattering loss when material is not MOCVD grown. Additionally, the scattering 
loss is strongly dependent on polarization and waveguide geometries: TM modes exhibit 
higher scattering loss compared with TE modes, and the multimode large core waveguides are 
more susceptible to threading dislocations compared with single mode waveguides and high-
aspect-ratio waveguides. Conclusions from this work can be supported by several recently 
published investigations on III-N based photonic devices. The model derived from this work 
can also be easily altered to fit other material systems with other types of crystalline defects. 
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1. Introduction

III-nitride (III-N) based integrated photonic waveguides (WGs) and resonators have enabled a
wide variety of applications including modulators [1], harmonic generations [2,3], comb
generations [4,5], quantum emitters [6,7], and light-emitting diodes/lasers [8,9]. Due to its
wide bandgap and active integration capability, recently III-nitrides have attracted growing
attentions for applications in UV-visible spectrum regime [10–12]. For traditional WGs
working at IR wavelengths, wave propagation losses are mainly contributed by sidewall
scattering, and they can be reduced by implementing geometries [12] that minimize the
overlap between modes and scattering non-idealities. This design strategy is feasible for most
of WG materials such as SiNx [12,13]. However, there is another complicating factor for III-N
materials grown on foreign substrates such as sapphire: high defect densities. For example,
the metalorganic chemical vapor deposition (MOCVD) grown III-N thin films on sapphire
exhibit high density of threading dislocations (TDs) over 1019 cm�2 [14], and density of TDs
will be even higher for sputtered films [15]. Therefore, for III-N WGs, in addition to the
sidewall scattering loss, internal defect induced scattering loss is also be of crucial importance
to WG performance. Furthermore, as Rayleigh’s law suggests, the scattering cross-section is
proportional to 4�� , indicating that small non-idealities (crystalline defects) will cause higher
scattering loss in UV-visible wavelengths than in IR wavelengths. Since III-N materials are
commonly employed as light-emitting/WG materials in UV-visible spectrum, III-N optical
devices are expected to be more vulnerable to defect induced scattering losses.
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