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A dielectric step Oblique semi-guided waves

Overview

Snell’s law, critical angles

Waveguide junctions

e 90°-corners, step configurations
o

e Semi-guided beams

Strip resonator
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Oblique incidence ! Z [um]
Tt > 0.99, Rt < 0.01, Tt =0, Ry = 0.
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Snell’s law Snell’s law
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o Outgoing wave {Now; Wou}, (E,H) ~ Woy(.)e 1 (kY +kek),
o Incoming slab mode {Nin; Wiy}, (E,H) ~ ¥in(x)e 1 (kY + k), INZ, = K2+ k2, ky = kNjy sin 6.

incidence angle 0, k*Nj, = k; + k2, ky, = kNi, sin 6. o I2N2
|

~ Wl = ke = 2mc /A

ot > kg: ke = kNout €08 0oy, Wave propagating at angle Oy,

e y-homogeneous problem: (E,H) ~ e 1KY everywhere. Nout $in Oour = Nin sin 0.

Snell’s law Snell’s law

e Outgoing wave {Nout; Cout}, (E,H) ~ Wou(.) e ilky+ kﬁg), o Outgoing wave {Now; Wou}, (E,H) ~ Toy(.) e—ilky + kfg),
IPNgy = ks + K, ky = kNip sin 6. N2, = K2+ k2, ky = kNjy sin®.
e Scan over 6:
o PNy < k§ Coke=—i k% — k2N3y» E-evanescent wave, change from ¢-propagating to &-evanescent if k>N2, = kzNi%1 sin” @
the outgoing wave does not carry optical power. <~ mode {Nout; Pour} does not carry power for ¢ > 6,

critical angle Oy, sin e = Nout/Nin-



Critical angles

ng > Ny,
single mode slabs, Ntgg > Ntmo > i,
in: TEy.

Ny, VWV

e Propagation in the cladding relates to effective indices Noy < nyp,

~~  Rrtro + Rt™vo + TR0 + TT7M0 = 1 fOr 0 > Oy, sin 6y = np/N1ro.

e TM polarized waves relate to effective mode indices Noy < N1mo
~ Rreo+ Tteo = 1, Rrmo = Ttmo =0 for 6 > Oy,

vQUEP solver

(b) v

Vectorial Quadridirectional Eigenmode Propagation (vVQUEP)*

* Optics Communications 338, 447-456 (2015) metric.computational-photonics.eu

sin 9m = NTMO/NTE0o

Formal problem, effective permittivity

V xE= —iw,uoff, V x H = iweeyE,
& 0ye=0,

1 2 1 _
Q < axsax€+az axeaze azax> <Ex> +k266ff <§X) :09
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((“)Zé(’?xe — 00, 0?+ azéaze E,
eefr(x,2) = €(x,z) — N2, sin 6,

2-D domain, transparent-influx boundary conditions.

e Where 0,¢ = 0. = 0:
(8)% + 812) ¢+ kzeeff¢ =0, o= E;, H;.

Abrupt waveguide junction

Ty

ny = 1.45, ng = 3.45, d = 0.22 um, r = 0.05 um,
A = 1.55 um, in: TE,.

6, = 30.9°, GT,TM =31.2°, OT,TE =37.7°, GR,TM = 46.3°. 0/°



Abrupt waveguide junction, fields

Coated waveguide junction

w [um]

ny, = 1.45, ng = 3.45, d = 0.22 um, r = 0.05 pm,
A = 1.55um, in: TEq, 6 = 33°.

Abrupt waveguide junction, fields

Coated waveguide junction

ny = 1.45, ng = 3.45, d = 0.22 um, r = 0.05 um,
A = 1.55um, in: TEy,
h=0.16 pum, w = 0.40 um.

Oy = 30.9°, Oprm = 31.2°, 0715 = 37.7°, Op.Tv = 46.3°.
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Coated junction, field Corner

X [um]

ng = 3.4, np, = 1.45, 0.4F g
) T>0.995 d =0.25um, A = 1.55 um, in: TE,. 0.2k B
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Corner Corner
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z [um] .

Rrg =0.12, Rty =0, o/
Ttg = 0.09, Tt = 0.

0
2 [um]
Rrg = 0.01, Rty = 0.01,
Trg = 0.17, Tt = 0.21.



Corner Corner

|E| |E|

X [um]

0 o -2 -1 0 1
z [um] o 60 80 z [um]
Rrg = 0.25, Ry = 0.01, Rg = 0.72, Rpy =0,
Trg = 0.07, Trm = 0.67. Trg = 0.28, Trm = 0.
Resonances Step




Step Oblique resonant excitation of a dielectric strip

ng = 3.45, ny = 1.45,
d=0.22um, A = 1.55um, in: TEy;

X [um]

h=022um, w=0.5um, g,
Nm = 2.419, Ay = 1.55 um, 0, = 58.99°.

0 =68° h=215um

The strip supports a guided TE-like mode with effective index Ny, @ A = \p

. 0
o™ 2 [am] - o _ N
0.5 1.0h / 1.5 2.0 Reg < 0.0, Riy = 0 Resonant interaction with the waves in the slab expected at 6 ~ 6,
um Trg > 0.99, Ty = 0. where ky, = kNj,sinf ~ kNp, sin 0y = Npm/Nip.
Strip resonator, fields Strip resonator, fields
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Strip resonator, fields

X [um]
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Oblique resonant excitation of a dielectric strip

([E|. ¢ = 200 nm)
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Strip resonator, fields
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Oblique resonant excitation of a dielectric strip
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Strip resonator, resonance properties Strip resonator, resonance properties

A =1.55um 0 = 58.99°
B 20 % 20 0 = 58.99°
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Excitation conditions Semi-guided beams

Bee — 0 e Superimpose 2-D solutions for a range of k, / a range of 0,
e = such that the input field resembles an in-plane confined beam.

(E,H) (x,y,2) =
_ (ky — ky0)2
2 . .
A/ e Wk (\Ilin(ky;x) eflkz(ky)(z - ZO) —+ p(ky;x7 Z)) e_lky(y - )’0) dky
Focus at (yo, 20),

primary angle of incidence 6y,
ky() = kNin sin 00.

By Hy) ~ e kY ~ne Ey Hy)dk
y y i y y y
y



Semi-guided beams

e Superimpose 2-D solutions for a range of k, / a range of 0,
such that the input field resembles an in-plane confined beam.

e Incoming wave, “small” wy:

((y —y0) = 22z - Zo))2

2A

(B,H),y (x.7,2) = V7~ e W/27 0 Win(kygx) e~ kol = 30) Fkalz = 20)

W,

Focus at (o, 20),

20 z
t f

kv() = kN;n sin 90,

kzO = kNin Ccos 90,

‘/Vy = 4/Wk.

Abrupt waveguide junction, wave bundles

primary angle of incidence 6y,

width Wy, (full, along y, 1/e, field, at focus),

y [um]

IHI, 8,=33° T=094

Semi-guided beams

e Superimpose 2-D solutions for a range of k, / a range of 0,
such that the input field resembles an in-plane confined beam.

e Incoming wave, “small” wy:

32

2A N
(EaH)in (X,y, Z) = \/EW € (Wcr/z)z q’in(k_\'o;x) e_lkle
y

20

Focus at (yo,20),

primary angle of incidence 6,

k)vo = kNin sin 90,

kzO = kNi" cos 0(),

width Wy, (full, along y, 1/e, field, at focus),
width W, (full, cross section, 1/e, field, at focus),
Wy = 4/wk, Wer = Wy cos 6.

Coated junction, wave bundles

y [um]

[HI, 6,=233°, T>0.98




Corner, wave bundles

X [um]
y [um]
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W‘v =127 wm, Wer = 10 wm, RTE = 0.72, RTM = 0, TTE = 0.28, TTM =0.

Step, wave bundles

x =-1.20um

y [um]

0 0 100 200
y [um] z[um]

00 = 680, Wy = 481 wm, Wcr =180 wm, RTE = 0.03, RTM = 0, TTE = 0.97,

y [um]

x = 1.20um

Step, wave bundles

x =1.20um

y [um]
y [um]

0 0
z [um] z [um]

90 = 680, WV =27 pm, Wcr =10 pm, RTE = 0.66, RTM = 0, TTE = ().34, TTM =0.

Concluding remarks

Oblique semi-guided waves

Early concepts of integrated optics in a high-contrast framework:
e short, quasi-lossless tapers,
e optical vias,

e open dielectric resonators with infinite Q, “bound states in a continuum” (BICs)
o .7

(... exceptionally simple structures).




