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Implementation
in MATLAB
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Implementation Outline

Initialize MATLAB

Dashboard (materials, dimensions, etc.)
Calculate Grid

Build Device on Grid

Perform Finite-Difference Analysis

. Visualize the Results
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Dashboard

% slabd

% INITI
close a
clc;

clear a

How big should b be?

-> Enough to allow

the mode to decay to
zero before reaching . FREER
the boundary.

oo
o°

0o
chehe)

DASH

a0 o° o°
a0 o° oo

oo
a°
a0

emo .m

ALIZE MATLAB
JL 19

11;

SPACE WAVELENGTH
1.0;

PARAMETERS

.07
.07

a = 3*lam0;

% GRID
. ) b = 5*1lam0;
What grid resolution NRES = 10;

should be used? dx = lam0/NRES;
—

-> Convergence NUMBER OF MODES TO CALCULATE

M= 5;
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Build Device on Grid

de e
20 Q0 oo
do I ¢
o O

ae

% COMPUTE GRID
Sx = a + 2*b;

Nx = ceil (Sx/dx) ;
Sx = Nx*dx;

xa = [0.5:Nx-0.5]*dx;

—nx1 xa = xa - mean(xa);

; nx

x: 5 COMPUTE START AND STOP INDICES
~—nx2 nx round(a/dx) ;

round ( (Nx - nx)/2);

nx2 = nxl + nx - 1;

=}
i
[
Il

N = zeros (Nx,1);
N(l:nx1-1) = n2;
N
N

=]
i
[
=}
i
N
Il

nl;
= n2;

=}
W
N
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|
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Perform Finite-Difference Analysis

o0 o o

% CALCULATE kO
k0 = 2*pi/lam0;

% BUILD DX2

DX2 = sparse (Nx,Nx) ;

DX2 = spdiags(+l*ones (Nx,1),-1,DX2);
DX2 = spdiags(-2*ones (Nx,1), 0,DX2);
DX2 = spdiags(+1l*ones (Nx,1),+1,DX2);
DX2 = DX2 / (kO0*dx)"2;

% MAKE N DIAGONAL
= diag(sparse (N(:)));

Z

% SOLVE EIGEN-VALUE PROBLEM
= DX2 + N"2;

V,D] = eig(full(d));

NEFF = sqgrt(diag(D));

—
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Visualize the Results
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[~,ind] = sort (real (NEFF), 'descend');
v = V(:,ind);
= NEFF (ind) ;

% OPEN FIGURE WINDOW
figure ('Color', 'w');
hold on;

% DRAW SLAB WAVEGUIDE

x = [0 2% (M+1) 2*(M+1) O O];

y = [ -b-a/2 -b-a/2 b+a/2 b+a/2 -b-a/2 ];
£ill(x,y,0.9%[1 1 1]);

y =1[ -a/2 -a/2 a/2 a/2 -a/2 ];
£ill(x,y,0.5%[1 1 1]);

= x0 + 3*V(:,m);

y = linspace(-b-a/2,b+a/2,Nx);
line(x,y, 'Color','w', 'LineW
h = line(x,y, 'Color','b', 'Line
text (x0,y0, ['Mode ' num2str(m)],’'

'HorizontalAlignment', 'center','

text (x0,-y0, ['n_{e = ' num2str (NEFF (m),'%
'"Horizontal gnment', 'center', 'VerticalAlignment', 'bottom');

eWid

Alignment', 'bottom');

hold
h2 = get(h, 'Parent');
set (h2, 'XTick', [1):

axis equal
ylabel ('x

.2f')1, 'Rotation',-90, ...
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More About Resolution
and Spacer Regions
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Convergence Study for NRES

2.02

2.00 Mode 1 A
g 198pF—o Mode 2 A
F
= 196
= Mode 3
? 104 2 Notes
2 102 * Higher-order modes converge slower.
& 190 Mode 4 * Higher-order modes have a smaller n.
< 1.88
= 1.86

Mode 5
1.84 .
2 4 6 8 10 12 14 16 18 20
NRES
NRES
ﬁl EMPossible Slide 10

9/6/2020



9/6/2020

Spacer Region b

Remember the Dirichlet boundary conditions?
Values outside of the grid are forced to zero.

This means what is being simulated is a slab
waveguide inside of a large metal waveguide.

a -
It is only possible to get an accurate simulation

of the slab waveguide when the metal

b n2 waveguide is large enough to not matter.
Choose b to be large enough to ensure the
metal waveguide is insignificant.
5 EMPossible slidé 11

Effect of Spacer Region Size

b= D50AU ng = 1.0
a= D.25A0. ny = 2.0 Negg = 1.6622
b= OSUAU Ny = 1.0
If the spacer region b is too small, the outer
metal waveguide becomes significant and the
e results for the slab are not accurate.
Meta
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Metal

b= 500/\(] Ny = 1.0
a = 3.00/\(].]7L1 =2.0
b= 5.00)\(] N9 = 1.0
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Conditions for Large Evanescent Fields: Thin
Waveguides

Thin dielectric waveguides have large
evanescent fields.

The spacer region b must be big enough to

sufficiently encompass the evanescent field
in order to give an accurate simulation.
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Conditions for Large Evanescent Fields: Modes Near

Cutoff

Guided modes operating near cutoff have
very large evanescent fields.

The spacer region b must be big enough to

sufficiently encompass the evanescent field
in order to give an accurate simulation.
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Convergence Study for Spacer Region b

Mode 1

ST Mode 2 | Notes
s 197F E * Under normal circumstances, the
E 1905k Mode 2+ spacer region size can be ~0.254,,.
£ sl | * Modes nez?\r cutoff require larger
g spacer regions to resolve.
E 191F Mode 41 * Thin waveguides may require larger
o 1.89f 4 spacer regions.
3 187k | * Always check for convergence of
3 spacer region size.

1851 ) Mode 57

1.83— : : :

0.25), 05, 0.75), 1A
Spacer Region b
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