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1 Photonic density of states claculation (plane wave method)

e Definition of the conventional unit cell

— bravais lattice
— length of sides: a,b,c
— angles: «, 8,7
— €c¢ of unit cell

— position, radius and eg of spheres
e Construction of simple unit cell (3D matrix C' with the right e-values)
e Construction of the reciprocal unit cell (first brillouin zone)

e Calculation of the fourier coefficionts f = fft3(C) and selection of a certain number of fourier coefficients
fser within a finite sphere in reciprocal space

e Graphical presentation of the selected fourier coefficients fs.; and the primitive unit cell in reciprocal space

e Inverse fourier transformation of the selected fourier coefficients C’ = i f ft3(fse1) for a graphical density map
of the primitive unit cell in real space (to check the real e-distribution used for further calculations)

e Construction of the matrix! (hermitian), who’s eigen values are the c2w?

e Calculation of the eigen values for equal spaced points in several specified directions in the reciprocal unit
cell (dispersion relation), graphical presentation

e Calculation of the eigen values for a discrete subdivision of the reciprocal unit cell and counting the occuring
frequencies (density of states; D(w)), graphical presentation and .txt-file for further use

1Photonic band structure calculations for 2D and 3D photonic crystals; Chapter 2.3: Plane Wave Expansion of Maxwell’s Equations;
Aaron Vincent Morton; 2002
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frequency wa/2rc

simple cubic

e Conventional unit cell: ¢ = 100nm; ec = 1

e One close packed sphere with eg = 13
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Figure 1: Primitive unit cell in real space and reciprocal space

sc: photonic crystal dispersion relation
simple cubic, 1 spheres, 179 G-vectors, 358x358-matrix

sc: photonic crystal density of states
simple cubic, 1 spheres, 179 G-vectors
358x trix for 125° ind dent k-space points
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Figure 2: Dispersion relation and density of states
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frequency wa/2mrc

inverse face centered cubic

e Conventional unit cell: a = 100nm; ec = 13

e One close packed sphere with eg = 1

inverse fcc: density map of primitiv unit cell

ifft3 of 181 fourier coefficients

face centered cubic, 1 spheres, 160x160x160 voxels
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inverse fcc: Fourier coefficients
face centered cubic, 181 coefficients used
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Figure 3: Primitive unit cell in real space and reciprocal space

inverse fcc: photonic crystal dispersion relation

cubic, 1 spheres, 181 G-vect

Figure 4: Dispersion relation

inverse fcc: photonic crystal density of states

face cubic, 1 sp , 181 G: tors
x108 trix for 125° i k-space points
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4 diamond structure

e Conventional unit cell: ¢ = 100nm; ec = 1

e Two close packed spheres with eg = 13

diamond: density map of primitiv unit cell diamond: Fourier coefficients
ifft3 of 169 fourier coefficients face centered cubic, 169 coefficients used
face centered cubic, 2 spheres, 160x160x160 voxels
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Figure 5: Primitive unit cell in real space and reciprocal space

diamond: photonic crystal density of states
face d cubic, 2 sphi 169 G: t

diamond: photonic crystal dispersion relation

5 T . 3 .
face cubic, 2 spheres, 169 G-vectors, 338x338-matrix %10 338x338-matrix for 125° independent k-space points
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Figure 6: Dispersion relation and density of states
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5 inverse diamond structure

e Conventional unit cell: a = 100nm; ec = 13

e Two close packed spheres with eg = 1

inverse diamond: density map of primitiv unit cell inverse diamond: Fourier coefficients
ifft3 of 229 fourier coefficients face centered cubic, 229 coefficients used
face centered cubic, 2 spheres, 160x160x160 voxels
x-z y-z
x10°
" ool . . .
2 R S .
R < 2
1= . A > - N s
_ D R
E 0- ° 2% 2 .
] . ¢ o
4 B ° E
R c o« - e 2 .
2. . : - .
3 . -

2 T~
L™ 8
108 [ / 0 10
— -~
2 T~ 2
kx [27i/nm] ky [27/nm]
g1=1.1e+08
g2=1.1e+08

g3=1.1e+08

Trace

O  Symmetric points

O Reziprocal lattice points

[ First brillouin zone

x [nm]

Figure 7: Primitive unit cell in real space and reciprocal space

inverse diamond: photonic crystal density of states

face cubic, 2 sp , 229 G- tors
%108 trix for 125° i k-space points
inverse diamond: photonic crystal dispersion relation 1ok
face centered cubic, 2 spheres, 229 G-vectors, 458x458-matrix
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Figure 8: Dispersion relation and density of states



6 hexagonal crystal structure

e Conventional unit cell: a =b=c=100nm; a = = 90°deg; v = 120°deg; ec =1

e One sphere with eg = 13; radius = 50nm

hexagonal: density map of primitiv unit cell hexagonal: Fourier coefficients
ifft3 of 211 fourier coefficients hexagonal, 211 coefficients used
hexagonal, 1 spheres, 160x160x160 voxels
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Figure 9: Primitive unit cell in real space and reciprocal space

hexagonal: photonic crystal density of states

1 spheres, 211 G-vect
%108 trix for 125° ind dent k-space points
hexagonal: photonic crystal dispersion relation
hexagonal, 1 spheres, 211 G-vectors, 422x422-matrix sk
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Figure 10: Dispersion relation and density of states



