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Effective index approximations
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Outline

Effective index approximations
e 2D — 1D, examples
e A variational view on the effective index method
e VEIM 2D — 1D, examples
e 3D — 2D, scalar approximation

e Qutlook: vectorial formalism



2D ->1D
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(ng, ng,ne) = (1.45,2.0,1.0),

A =0.21um, g =0.11 um,
d=0.6um, t=0.2um,

TE, A € [0.4,0.9] um.



2D ->1D
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(ng, ng, ne) = (1.45,2.0,1.0), 2D — 1D
A=021pum, g=011pm, effective index approximation:
d=0.6pum, t =0.2um, Nslab ¢ [1.67,1.87),

TE, A € [0.4,0.9] um. Nholes — 72



Deeply etched waveguide grating

1.0

0.8

0.6

(ns,ng, ne) = (1.45,2.0,1.0), 0.4

A =0.21pum,g = 0.11 pum, 0.2
d=0.6um,t=0.2pum.

QUEP - reference. 08
0.6
0.4

0.2

0.45

....................................................................................

05 055 06 065 07 075 08 085 0.9
A [um]



Deeply etched waveguide grating

(ns,ne,ne) = (1.45,2.0,1.0),

A =0.21pum,g = 0.11 pum,
d=0.6um,t=0.2pum.
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Deeply etched waveguide grating
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A =0.21pum,g = 0.11 pum,
d=0.6um,t=0.2pum.

R ;:w-:::::::::_

N3eb € [1.67,1.87),
Nbholes — n. = 1.0.




Deeply etched waveguide grating
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Deeply etched waveguide grating
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High contrast PC membrane

(ne,ng,ne) = (1.0, 3.4,1.0),

A =0.45 pm, g = 0.225 pum,
t=0.2um.

QUERP - reference.




High contrast PC membrane

(ne,ng,ne) = (1.0, 3.4, 1.0),

A =0.45 pm, g = 0.225 pum,
t=0.2um.
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Nj}_?b € [2.33,3.09),
Nbeles — p. = 1.0.




Defect cavity
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Defect cavity
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Defect cavity
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Defect cavity
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Defect cavity
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2D propagation problems

p M =mn(x2)=, , 2D, TE, frequency domain problems,
% A; vacuum wavelength = 2r /£,

P, - T permittivity e(z, z) = n?(z, 2),
—= principal electric componertt, (x, z).

i
T

If the functional

1
H(Ey) =5 //Q ((0:Ey)* + (0:Ey)° — k*¢E;) du dz
IS stationary for,,, thenE, satisfies the Helmholtz equation

O:E, +0°E, + k*cE, = 0, (z,2) € Q.



Variational effective index approximation

€ett(2)

Reference permittivity, (x) with guided modes(x), mode index3/k:
02¢ + (Ke, — 3*) ¢ = 0.

Assumption:

¢ constitutes a reasonable approximation for the vertical §bape on the entire
horizontal axis

Ey(CC, Z) — TP(Z) ¢($) 9 ¢ =7



Variational effective index approximation

€ett(2)

~~  stationarity condition

02 + K eeq(2) Y = 0
with effective permittivity

/ (e(2,2) — () $2(z) da
co(2) = (B/)? + / ()d () = NZ(2).
$?(z) dx

Variational Effective Index Method VEIM
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Deeply etched waveguide grating
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Deeply etched waveguide grating
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Deeply etched waveguide grating
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Deeply etched waveguide grating, fields
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Deeply etched waveguide grating, fields

(b) QUEP, A = 0.55um
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Deeply etched waveguide grating, fields
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Deeply etched waveguide grating, fields
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Deeply etched waveguide grating, fields
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Deeply etched waveguide grating, fields
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Deeply etched waveguide grating, fields
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High contrast PC membrane

(ne,ng,ne) = (1.0, 3.4,1.0),

A =0.45 pm, g = 0.225 pum,
t=0.2um.

QUERP - reference.

13



High contrast PC membrane
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High contrast PC membrane

(ne,ng,ne) = (1.0, 3.4, 1.0),
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Defect cavity
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Defect cavity
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Defect cavity
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3D -> 2D, scalar
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3D -> 2D, scalar

/§©§§§ 00000
O OO0 @)
X n\,y, < € o
A e i - B ey z)
= 00000 zZ
Y Yy

Choosee,(z), ¢(x), B, with 0%¢ + (k?e, — 2)p = 0.
Assume E(z, y, 2) = ¥(y, ) 6(x):

-

8§¢ + 0% + Keeq(y,2) 9 =0,

[(cwv.2) - ela)) o)
Eeff(yaz) — (ﬁ/k)2+ ) €eff(y,2) — Nesz(yaz)
/¢2(ZIZ) dx

15



Outlook: 3D -> 2D, vectorial

; ; ; 3D FDTD ()
0.8[ S S S S S

0.6
|_
0.4

0.2

0

o8| R— R R R R—
os - S AR SRR ARR— SRR
o 5 5 5 5 5

04| o o o o o

X R— SIS AT AT T S—

VEIM, \ = 1.57 um

Contrast(1.445 : 3.48 : 1.0). 1.3 1.4 1.5 \ %ufn ] 1.7 1.8

(*) 3D FDTD: Lasse Kauppinen, IOMS group, MESA University of Twente
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Outlook: 3D -> 2D, vectorial
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Outlook: 3D -> 2D, vectorial
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Outlook: 3D -> 2D, vectorial
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Outlook: 3D -> 2D, vectorial
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Outlook: 3D -> 2D, vectorial
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Concluding remarks

Effective index treatment of photonic crystal slabs:

e a mere gualitative, sometimes perhaps a crude quantiggteximation,

e Where unavoidable:
use effective permittivity.q = NZ; with perturbational correction term;
eoff Can well be smaller than one, or be negative,
less heuristic approach with well-defined field approxiamati

e In general: no guarantees.

(e) QUEP, A =0.77pum (e) VEIM, A =0.77um
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