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Lossless operation of high-contrast integrated optical waveguide gratings High-contrast waveguide Bragg gratings

Overview

® Oblique incidence of semi-guided waves
® Band structure analysis
® Symmetric high-contrast grating

® Apodization

Reduced reflector strength

Narrow-band Fabry-Perot filter

np = 1.45 (Si0y), ng = 3.45 (Si), d = 0.22 wm, variable A, g, N; TE-excitation at 6 = 45° for A € [0.8,2.2] um.
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Semi guided waves at oblique angles of incidence

~elW = ke = 2mc /A

¢ Incoming slab mode {Niy; ¥in}, (E,H) ~ ¥i,(x) e—ilky + kzZ),
incidence angle , Kk*N2 = kg + k2, ky = kN sin 6.

® y-homogeneous problem: (E,H) ~ e~ ik everywhere.

Semi guided waves at oblique angles of incidence

Semi guided waves at oblique angles of incidence
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¢ Qutgoing wave {Nout; Pour}, (E,H) ~ Tou(.) e~ilky + kff),
PNy = k5 + kg, ky = kNip sin 0.

oul

® I*N3y > ki ke = kNou €0 Oour, Wave propagating at angle Oou,

Noue sin Ooue = Nip sin 6.

Semi guided waves at oblique angles of incidence

® Outgoing wave {Noyt; Tour}, (E,H) ~ Poue(.) ey + kﬁf),
KNy =k + kZ, ky = kNip sin 6.

® PNy < k2 ke = —iy /K2 — k’N3,., &-evanescent wave,

the outgoing wave does not carry optical power.

e Qutgoing wave {Nout; Pour}, (E,H) ~ Tou(.) iy + kfg)’
N3y =k + k&, ky = kNip sin 6.

® Scan over 6:
change from ¢-propagating to -evanescent if k>N2, = kzNizl1 sin” 6
<~ mode {Nou; Wout} does not carry power for 6 > 0,
critical angle O, sin ¢ = Nout/Nin.



Critical angles

ng > Ny,
Ntgo > Ntmo > Nte1r > Ntmi > iy,
R W ™ T in: TE.

e Qutgoing mode € {TMy, TE;, TM; } with effective mode indices Noy < NtEo
- ROut = Tout = O, for 6 > Ocr,

® Propagation in the substrate and cladding relates to effective indices Noy < np
~~  Rtpo,1 + Rt™mo,1 + Tteo,1 + Ttmo,1 =1 for 6 > 6,

Band structure

(E,H)(x,y,2) = ®(x,7) e 1KY 102,

Neiw’, w =kc = 2mc/A,
B =kNp, ¥(x,z+ A) = ¥(x,2),

(E,H)(x,y,A) = (E,H)(x,y,0)e"1FA, P

: 1 12141618 2
O.(E,H)(x,y,\) = 8.(E,H)(x,y,0) e "18A
L(E.H)(x,y. ) = 0:(E.H)(x.,0) A [um]

B € [-m/A,m/A], Ng € [-A/(20), A/(2A)).

Critical angles

sin @ = Nout/NTE0~

sin 9b = nb/NTE().

l’lg>l’lb,
Nteo > Nt™mo > NtE1 > N1m1 > 7w,
in: TEy.
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A =420nm, g = 10 nm,
6 = 45°, in: TE,,
bandgap at ~1.55 pm, width 136 nm.

(d) N=40 |




Symmetry Fields

. (electromagnetic energy density)
Mirror symmetry x <+ —x E. | E, | E, | H | H | H,
- N =5, A=1.550um N=5, A=1.178um
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N =20, A=1.550um N =20, A=1.178um
® Symmetry of the incoming TEy-field extends to the full solution. %
C» Excitation of TMy and TE;-modes is suppressed.
Laterally limited input Incoming semi-guided beams

(3-D) dye=0, (E.H) = [(.)e 5V dk,
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Incoming semi-guided beams

y [Hm]
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Reduced reflector strength

A =411nm, g = 110nm, r = 160 nm,

6 = 45°, in: TE,,

bandgap at ~1.55 pm, width 20 nm.
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Apodized gratings
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A =420nm, g = 10nm,
6 = 45°, in: TE,,

bandgap at ~1.55 pm, width 136 nm.
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Defect gratings




Defect gratings

Narrow-band Fabry-Perot filter

S/ um 3.439  3.444 30231 30.236
w/nm 200 300 200 300
26/ nm 2.7 0.7 0.3 0.08
0 5.102  2-10° 5.100 2.10*

!
S =30um

X [um]

Defect gratings

Narrow-band Fabry-Perot filter

S/ um 3.439  3.444 30231  30.236
w/nm 200 300 200 300
267/ nm 2.7 0.7 0.3 0.08
0 5.-102 210 5-10° 2-10*

A =1.550pm



Narrow-band Fabry-Perot filter
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A =1.530um y A =1.550pm
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R>0.99, T<0.01 Y /i R=0.61,T=0.39
-1 -0.5 0 0.5 1 1 -0.5 0 0.5 1
z [mm] z [mm]

Narrow-band Fabry-Perot filter
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Narrow-band Fabry-Perot filter
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Concluding remarks

Lossless (. . .) high-contrast integrated optical waveguide gratings

e realized with oblique incidence of semi-guided waves,
® grating symmetry and critical angles lead to true single-mode operation,
® spectral filters with reasonable flat-top response, apodization possible,
® widths of reflection bands / transmission peaks span three orders of magnitude.
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