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S-Matrices: Periodic Solution Strategy
e Can use the H-fields in F-space

. 1 . ) ‘
h(z)= EIG:J ‘2{"1{_ 'L.I{"}'F-_ — k.*: Q{H + k‘l-ﬂ{’l':lﬁ ’

| q |
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* More compactly represented as:
[H(g*+K)+K]p=w?¢

* Where the eigenvectors ¢ have a unique
orthonormality condition: ;7,2 )¢ =5, |
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S-Matrices: Periodic Solution Strategy

e Can rephrase:
(0’ —K)&(0*—K)—w’K]d=¢*(0*—K)d

e Where H-fields are written as:
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hy(z)=®[f(z)a+Hd—z)b]
 And where E-fields are given by:
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S-Matrices: Periodic Solution Strategy

* Interface matrix in WC notation:
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S-Matrix Construction: Recap

e \We can relate the s-interface matrix to the t-
interface matrix from before:
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* Then iteratively construct next S-matrix via:
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S-Matrices: Periodic Solution Strategy

In WC’s notation:
S (1 1+1)=(I;,—fiS1,(1", )15 "1 F38,,(1",1)
S 1+ 1)= (1~ f1S (1. 1)) ™

X(fiS12(1" \ 1) I —115) f 141

Sy (1" 14+ 1)=8(1", 1) I, S14(1",14+ 1)+ S,,(1",1)

Soo(1', 14+ 1)=Sp(1", )15, 15(1" 14+ 1)+ S50 (1", 1) If 141
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S-Matrix Simulations

* Transmission through triangular lattice converges
as number of plane waves N increases

Reilectivity
%

2(e,— &) BJ(Gp)/(Gp) G#F0

e.Btel—B) G=0, 1z 14 16
Photon Energy (eV)

Whittaker & Culshaw, Phys. Rev. B 60, 2610 (1999)
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Photonic Simulations with S?

“ Full-wave photonic
I Y simulations of arbitrary
3 layered media, including

thin-film and crystalline
PV cells

-—2Z;
-]d‘

V. Liu, S. Fan, Comp. Phys.
Comm. 183, 2233 (2012)
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Photonic Simulations with S?

Accuracy improves systematically with
computing power
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V. Liu, S. Fan, Comp. Phys. Comm. 183, 2233 (2012)

3/22/2013 ECE 595, Prof. Bermel

0.5057 ' ' ' ' '



S4: Lua Control Files

Obtain a new, blank simulation object with no solutions:

S =S4 NewSimulation()

Define all materials:

S:AddMaterial (' name’, {eps_real, eps_imag})

Add all layers:

S:AddLayer (' name’, thickness, 'material _name’)

Add patterning to layers:

S:SetLayerPatternCircle (" layer_name’, " inside_material’,
{[center x, center_y}, radius)



S4: FMM Formulations

Specify the excitation mechanism:

S:SetExcitationPlanewave (

{angle_phi, angle_theta}, —— phi in [0,180), theta in [0, 360)

{s_pol _amp, s_pol_phase}, —— phase in degrees
{b_pol_amp, p_pol_phase})

Specify the operating frequency:

S:SetFrequency (0. 4)

Obtain desired output:

forward_power, backward _power = S:GetPoyntingFlux (' layer_name’,

print (forward_power, backward_power)

z offset)



S4: Input

oy about this tool
olnpUt (l) Duestions ¥
E:-cample:Itransmlssmn_spectrum - j
R=0 o

Input: pload...

5 Download

|

5 {hinary_grating

hinary_grating_mpi

= | Christ FRE_70_125_113_2004
Fan_PRE_B3_Z002

figZa

figeh

fig3_d4

fig6

fresnel

integrate

interpolator

magneto_halfspace
magneto_slab

Ring-Resonator Modes (Canesian)
simple
Tikhodeey_PRE_G6_45102_2002
£qtir

Hiransmission spectrum

(LA

[E)]

wmm

(£ ]

L4l

MNumber of processors: 1

Walltime: 2h

Can choose several examples drawn from the literature
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S4: Output
s e

_ Ahbout this foal
£ simulate @ _
ouestions

F{esult:ltest - @

freq

1 result

Transmission through multilayer stack matches analytical expression
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S4: Output
e T LI

_ About this tool
ﬂSlmulatE @ Questionsz
Result: |test j @
- 0
ol
08 -
&
—
0B —
0.4 —
02 -

1 result

Transmission through 1D square grating of silicon and air
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S4: Output
I Ty

- =% Aboutthis tool
8 simulate Q o

e s tions »

Result: |test - @

1500 —

1000 —

500 —

* Transmission from Fig. 4 of Tikhodeev et al., Phys.
Rev. B 66, 045102 (2002).
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Next Class

* |s on Monday, March 25

 Will discuss CAMFR, see:
http://camfr.sourceforge.net




