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1 2-D optics

Classical concepts [1, 2] for integrated optical composiéike lenses [3, 4], mirrors
[5], prisms [6], but also for complex lens-systems [7], otienspectrometers [8, 9],
rely on the effects that a — tapered or step-like — transitietween regions with dif-
ferent layering, specifically different core thicknesss loa thin-film guided, in-plane
unguided light. Results for the reflection and refractioridd guided plane waves at
such a discontinuity may form the basis for a descriptiorhefin-plane propagation
by geometrical optics [1, 2, 8].
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Aim:  As a step beyond the classical effective index picture, wié discuss and
compare two approaches on how this problem can be tackledleasttpartly — by
state-of-the-art tools for integrated optics design.

e Accepting the scalar approximation, using an ansatz of &owmi harmonic
field dependence on the interface coordinate, the 3-D pmobéziuces to a 2-D
Helmholtz problem, for guided wave input and transparentiaries, where the
permittivity depends on the incidence angle.

* One complements the structure with a mirrored interfaceh shat the 2-D cross
section of a wide multimode rib channel emerges. Consgdonttransverse res-
onance permit to translate the propagation constants @bierized modes into
discrete samples of the phase changes experienced by dani-guided wave
upon total internal reflection at the sidewalls.

2 Formal problem

« Homogeneous Maxwell equations, frequency domain, linedectric media,
curl E = —iwpopH, curl H = iwee,E

for electric and magnetic field®, H, oscillating~ exp(iwt) in time with frequency
w = ke = 2rc/A, for vacuum wavenumber, wavelength\, speed of light ¢, permit-
tivity ), and permeabilitys.

o Relative permittivitye = n”:

(n

e J,c =0 everywhere

(- (IEI) (2,,2) = (f;) (. ) e Ry,

k, : agiven parametef =~ incidence angle).

e The components of?, H satisfy the equations:
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& equivalent variants, formally identical to thectorial equations for guided modes

o Region1:9,e =0 & d.e =0

C» separable planar solutions with principal components @fainm

Bz, 2) = Ure(x) e 1Frez, (TE)
e + (ke — Big) Ve =0
H(r,2) = Ur(x) e 10m2 (™)
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& other components (vectorial fields),
& rotated fields, in-plane propagation under arbitrary angle

- Specification of incident waves.

« Effective 2-D problem, vectorial, “effective permittiyitdependent ort,.

« BoundaryConditions (T()BCs):

(W) Influx of polarized plane guided wave, rotated for given angiacidence
& Transparency for reflected outgoing guided and nonguideésvav

(N, E, S): Transparency for outgoing guided and nonguided waves.

Existing solver ?

3 Scalar theory

Neglect of polarization effects from permittivity gradter interfaces
~~=scalar Helmholtz equation

(02 + 02+ ) E + KB =0.

ik,

e =0 ~~= E(r,y,z) = E(z,z)e”

Region |,z < 0: incoming guided wave, incidence angle

Ei(,y,2) = W(x) e PN (sin0y +cos O+ k? (e — N?) W = 0.

~~ Choosek, = kN sinf.

6 Transverse resonance

@

o Extend the structure by a mirrored interface, with someteatyi width 11/
~~=2-D cross section of a channel waveguide.

o Available: Guided modes of that channel, of verticgl f{undamental order;
set of mode indices: and propagation constants, TE / QTE polarization.
o Inthe core region—IV < > < 0, with ¢(x a(x), the equation
(P +P)E+ (Wa—B)E=0
holds for the principal electric componefitof the mode profile.

o Effective 2-D problem

(02 +02) B+ ket 2 =0, with  eeq(z, ) = e(x, z) — N?sin*f)

Solution: Quasi-analytic 2-D QUEP solver [10], TE, stageapproximation;
result: guided waveeflectanceR andtransmittance’.

Field in region I:
E(z,y,2) = {\yw (e*i]w‘f\'u»ﬁ): + pdkNeos

Y aremaindery L W, .
reflection coefficenty = p €%, R = pZ, phase change upon reflectian

e ~/} o ikNsinfy

4 Step discontinuity

ng = 20081, np = 1.4524,
d=160nm, r = 40nm, A =&50nm.

5 Tapered transition

ng=2.0081, np= 14524,
d=160nm, r = 40nm,
A =850nm.
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. umption: Sep: (x,z) = ¥(x)((z), atleastapproximately, in region I;
W 1-D TE mode of the central slaby?¥ + &” () — N*) ¥ = 0.

G o (RPN? = 8) =0, ((z) = et

1-D slab mode problem for the lateral shape

52 = °N? - B2,

o Associated mode angtegiven by sinf = 3,/(kN)
6: sample value for an angle of incidence on the channel sitiewa

o Lateral wave propagation with constant. = kN cos 6,
m: Lateral order of the 2-D profil& & mode index of.
o Transverse resonancendition associated with the problem for
—m2r=-Wph.+¢—-Wph.+6, or ¢=—mnx+WEkNcosf.

~~= Estimate for thephase change upon reflectiorunder incidence angte
Guided 3-D modes—=~» Total internal reflectiorat the sidewalls only.

Step discontinuity
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TR: transverse resonance, WMM solver, QTE [11]; ST: scleoty.

Tapered transition

X TR,W =5um

- TR, W =10
ng = 2.0081, np = 1.4524, ° um

d=170nm, r = 40nm,
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TR: transverse resonance, PhoeniX solver [12]; ST: sdadary.
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