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Planar waves that climb dielectric steps
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A dielectric step

ne =34, ny =145,
d=0.25pum, h=2.15um,
A = 1.55pm, in: TE,.



A dielectric step

X [um]

ng = 3.4, np, = 1.45, _3 ) _q 0
d=0.25pum, h=2.15pum, z [um]
)\ =1.55 pum, in: TE(). TTE = 00], RTE = 0]2, TTM = 0, RTM =0.
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A dielectric step

X [um]

-2
ng = 3.4, np, = 1.45, _3 ) 1 0

d = 0.25 um, h = 2.15 um, 2 [um]
A=1.55 pm, in: TEy. Tre > 0.99, Rg < 0.01, T'tm =0, Rrm = 0.
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A dielectric step

X [um]

3 -2 A

0 1 2 3
z [um]

Oblique incidence ! Tre > 0.99, Rrg < 0.01, Ttm = 0, Rrm = 0.



Planar waves that climb dielectric steps

Overview
e Snell’s law, critical angles

e 90°-corners, step configurations

e Semi-guided beams




Snell’s law

(@)

~ &Y, w=kc=2mc/A

e Incoming wave: (E,H) ~ ¥;,(x) e i(kytkez)

slab mode with effective index Ny,, profile ¥y,
kzNizn = k% + kf, ky = kNj, sin 6, incidence angle 6.

e y-homogeneous problem: (E,H) ~ e~ 'bY everywhere.
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Snell’s law

(@)

e Outgoing wave:

kzN(%ut

(E,H) ~ Woy( . ) eilby+ked)

= k§ + k2, ky = kNip sin 0, eff. index Noy, profile Woy.



Snell’s law

(@)

e Outgoing wave:

k2 N2

out
° k2 N2

2.
20>k

(E,H) ~ Woy( . ) eilby+ked)
= k§ + k2, ky = kNip sin 0, eff. index Noy, profile Woy.

ke = kNgy; cos Oy, mode propagating at angle Oy,
Nout $in Oy = Nip sin 6.



Snell’s law

(@)

e Outgoing wave:

(E,H) ~ Woy( . ) eilby+ked)
N2, = k2 + k2, ky = kNipsin6, eff. index Nou, profile Woy.
o KNG < k§ boke=—i \/m, evanescent mode,

the outgoing wave does not carry power away.



Snell’s law

(@)

¢ Outgoing wave: (E,H) ~ Woy(.) e kotked)
kN3, =k + kZ, ky = kNipsin0, eff. index Nou, profile Woy.

e Scan over 6:
change from ¢-propagating to &-evanescent if kN2, = k2Ni2n sin® 0
-~ mode Ny does not carry power for 6 > 6,
critical angle ¢, sin 6 = Nout/Nin.
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Critical angles, specifically

ng =34,

ny = 1.45,

d =0.25 um,
h = 2.15 pym,
A =1.55pum,
in: TE,,

single mode slabs, Ntgo > Ntmo > np.
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Critical angles, specifically

ng =34,

ny = 1.45,

d =0.25 um,
h =2.15 ym,
A =1.55pum,
in: TE,,
single mode slabs, Ntgo > Ntmo > np.

e Propagation in the cladding relates to effective indices Noy < 1y,
~~  Rteo + Rt™o + T1E0 + TTvo = 1 for 6 > 0,
sin By, = I’lb/NTE(), Oy = 30.45°.

e TM polarized waves relate to effective mode indices Noyt < Ntmo
~~ Rrgo + Tteo = 1, Rt™o = Ttmo = 0 for 6 > O,
sin 0y = N1mo/NTE0, Om = 51.14°.




Critical angles, specifically

ng =34,
ny = 1.45,
d =0.25 pum,

A = 1.55 um,
in: TE,,

single mode slabs, Ntgo > Ntmo > np.

(o)

e Propagation in the cladding relates to effective indices Noy < 1y,
~~  Rteo + Rt™o + T1E0 + TTvo = 1 for 6 > 0,
sin By, = nb/NTE(), Oy = 30.45°.

e TM polarized waves relate to effective mode indices Noy < N1mo
~~ Rrgo + Tteo = 1, Rt™o = Ttmo = 0 for 6 > O,
sin Om = Ntmo/NtE0S O = 51.14°.



Formal problem, effective permittivity

curlE = —iwuoff, curl H = iweeoE,
& Oye=0,

E — E _iky)’ _ g :
& (ﬁ) (x,9,2) = <H) (x,2) e MY ky = kNiy sin 6

1 2 1 _
- < 010+ Lo, azax> <E> +k2€eff<Ex> o,

010 — 0,0. 92+ 010 ) \E E.
eefr(x,2) = €(x,z) — N2 sin® 6,

2-D domain, transparent-influx boundary conditions.



Formal problem, effective permittivity

curlE = —iwuoff, curl H = iweeoE,
& Oye=0,

E — E _iky)’ _ g :
& (ﬁ) (x,9,2) = <H) (x,2) e MY ky = kNiy sin 6

1 2 1 —
- ( O lde+ 02 010 azax> <E> +k2€eff<Ex> o,

010 — 0,0. 92+ 010 ) \E E.
eefr(x,2) = €(x,z) — N2 sin® 6,

2-D domain, transparent-influx boundary conditions.

o Where 0, = 0,e = 0:
(3% + 822) ¢+ kzéeff¢ =0, ¢=E,H,.



vQUEP solver

Vectorial Quadridirectional Eigenmode Propagation (vVQUEP)
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Corner

ng = 3.4, np = 1.45,
d =0.25pum, A = 1.55um, in: TE,.




Corner

E|

X [um]

0
z [um]

Rz = 0.12, Rpy =0,

Trg = 0.09, Try = 0.



Corner

E|

X [um]

0
z [um]

Rre = 0.01, Rpm = 0.01,

Tre = 0.17, T = 0.21.



Corner

X [um]

0
z [um]

Rz = 0.25, Rpy = 0.01,

Trg = 0.07, Ty = 0.67.



Corner

0/° z [um]
Rt =0.72, Rtm =0,
Tre = 0.28, Ttm = 0.



Step

" 1 'Oh/um1 5




Step

0=68° h=215um

3 2 -

0
z [um]

Rre < 0.01, Rpm =0,
Tre > 0.99, Trm = 0.



Step




Step

6 =41° h=1.83um

0.5 1.0 1.5 2.0 -3 -2 -1 0
hium 2 [um]

Rre < 0.01, Rmm < 0.01,
Tte = 0.97, Ttm = 0.02.
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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,H) (x, z)=

Wiy (kys x) e DV ET20) 4 (ki 2)



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.

(EvH) (x,y,z) =

(‘I’in(ky;X) e 1h(k)E=20) 4 p(gysx, Z)) e~ ik (=y0)



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.H) (x,y,2) =
 (y—ky)?

A/ e " (‘I’in(ky;X) e_ikz(k«")(z_z‘))—|—p(ky;x,z)> e k0 gk,

Focus at (yo, 20),
primary angle of incidence 6y,
kyo = kNin sin 6.



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:

ky, 2
(()‘—)'())— % (Z—ZO»
Wy /2)? Wi, (kyo; x) e ! (kyo (y—y0)+kz0(z—20))

2A -
—e

(EﬂH)in (x,y,2) = NS

Focus at (yo, 20),

primary angle of incidence 6,

kyo = an sin 90,

k.0 = kNi, cos 6,

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

W, = 4/W1<.



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:

24 .
(E.H),;, (x,,2) =\/EW e W/D” Wy (kyo; x) e KNl
g

20

Focus at (yo, 20),

primary angle of incidence 6,

kyo = an sin 90,

k.0 = kNi, cos 6,

width W, (full, along y, 1/e, field, at focus),
width W, (full, cross section, 1/e, field, at focus),
Wy =4/wi, Wee = Wy cos bp.




X [um]

Corner, wave bundles

0y = 41°,

Wy, = 13 um, We = 10 pm,
Yo =20 =0;

Rte = 0.25, Rmm < 0.01,
Trg = 0.07, Tym = 0.67.

0
y [um]




X [um]

Corner, wave bundles

6o = 68°,

Wy = 27 um, We = 10 um,
yo=120=0;

Rre = 0.72, Rrv = O,

Trg =0.28, Trm = 0.




Step, wave bundles

0o = 41°,

Wy, = 13 um, We = 10 pum,
Yo =120 =0;

Rte = 0.20, Rtm < 0.01,
Tte = 0.78, Ttm = 0.02.

x =-1.04um

y [um]

X [um]
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0 0
z [um] z [um]



Step, wave bundles

Oo = 41°,
Wy =59 um, We =45 pm,
Yo =120 =0;

Rt = 0.02, Rrm < 0.01,
Tte = 0.96, Ttm = 0.02.

x =-1.04um

x =1.04um

y [um]
y [um]

0 0
z [um] z [um]
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Step, wave bundles

y [um]

x =-1.20um

6o = 68°,

W" =27 pm, We =10 pm,
Yo =20 =0;

Rre = 0.66, Rtv = 0,

Trg = 0.34, Ty = 0.

y [um]




Step, wave bundles

(b)

b0 = 68°,
Wy = 481 pm, W = 180 pum,

R 7 : 0 2 Yo=120=0;
d m, \\\\\\ /// Rre = 0.03, Rrm = 0,

Tre =097, Trm = 0.

x =1.20pm

X [um]
y [um]

X [um]
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100 200 -200 -100 100 200

0 0
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Concluding remarks

e Planar waves can climb dielectric steps at oblique incidence.

e Optimization: corner configurations with lower reflectance
~~ steps with improved tolerances (angular, spectral, .. .).

X [um]
X [um]
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