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Vazba do ,,nanofotonickych“ vinovodt

Problémy:
— U¢inna vazba mezi
submikrometrovym
vinovodem a vldknem

— Je nutny konvertor velikosti
vidového pole:
¢ v horizontélni roviné
 ve vertikdlni roviné
(obtiznéjsi)
— Polarizaéni problém

»Adiabaticky pfechod” mezi vinovody
velmi rtiznych profilti / kontrastt

polymerni vinovod

»invertovany” klinovy prechod
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Kremikové vinovody se subvinovymi strukturami
(subwavelength grating waveguide, SWG)

e Polymer SUS (o Si0k: ) /" Vs Py SUR for Sk § ]
g / Pt p

Schematic picture of (a) a strip channel waveguide and (b) SWG waveguide considered in this contribution. In both cases, Si gLude
(either continuous or d) on SiO, bedded in SU8 polymer (or, all ively in SiO, ing) are consi
h represents the guide thickness, w gulde width, L is the SWG period (with Si groove dlmenston a, and gap g).

- SWG waveguide - a new type of microphotonic waveguide
- Practical implementations to fiber-chip coupling, waveguide crossing
and refractive index engineering

Scanning electron microscope (SEM) images of fabricated structures
including: a) SWG straight waveguide with A = 300 nm, w = 250 nm and
a duty cycle of 33%. b) Detail of two SWG segments.

P. J. Bock, Optics Express, 18(19), 20251 (2010).

ELEMENTARNI TEORIE EFEKTIVNIHO PROSTREDI
(Effective medium theory, EMT)

Vrstevnaté prostiedi s parametry,, d, ae,, d, , d;, dy < A

Stredni hodnota elektrické indukce pro elektrické pole rovnobézné s vrstvami :

— D D
En=Ex=E D, nh + Doy = a1 + &d E = z—:HE f -4
d +d, d +d, d>
LI -flo<f<1 Tedy [ﬂ:f%+0—ﬂ%w
d, +d, d, +d, -4 =
Stredni hodnota intenzity elektrického pole pro elektrickou indukci kolmou k vrstvam :
z
_ D, d, + D,,d, d g +d,/e 1
Dzl:DZZZD’ Ez_ = /l /2 z:_Dz7
| d, + d, d, +d, €,
i 1‘ o 11, 1
(I, i d, & _ €&
Tedy —=—f+—01-1) T T 0_ e
| Y ST & fe, + (1= fe
| T
Efektivni prostredi je anizotropni, jednoosé, s tenzorem permitivity £y = 0

J. C. Maxwell Garnett, "Colours in metal glasses and in metallic films,”
Philosophical Transaction of the Royal Society London 203, 385-420 (1904).
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Slozitéjsi subvinové vinovodné struktury

Vazebni ¢len - vidovy transformator

Subwavelength grating mode transformer.
a) SEM image of the coupler,
b) low - confinement section near the chip edge,

¢) high-confinement section near the strip waveguide,
d) Intermediate section.

rm P. J. Bock et al., 7th IEEE Conference on Group IV
Photonics, Sept. 2010, Beijing
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" Scanning electron microscope images of SWG crossings:
A) multiple SWG crossings,

B) one SWG crossing,

C) detail of the crossing region with square center segment,
D) SWG straight waveguide.

P. J. Bock et al., Optics Express, 18(15), 16146 (2010).
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Disperzni viastnosti SWG vinovodu

Standard SWGW, w = 350 nm, A =400 nm, g = 200 nm, TE polarization

bandgap region

ns
g =200 nm
0 T T T T . T T T T 1
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Wavelength 2 (um) Wavelength A (um)
phase and group effective indices Ng, NBg phase effective index Ng
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Transversal coordinate (um)

0

Wavelength 2 (um)

Waveguide structure at y = 0 pm
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character quite similar
to a uniform waveguide
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BLOCH MODE FIELD PROPAGATION

Vertical component of the magnetic field intensity @ A = 1500 nm

140 145 150 155 1.60
Wavelength A (um)

[H.[2, A= 1.50 ym

0.2 .
R ITEr T
o 1 2 3 4 2] B

Longitudinal cocrdinate {(um)

Transversal coordinate (umj

1]

Wavelength % (um)

Waveguide structure at y = 0 pm

AESEEREREEEREEENDN]
2 3 5 L]

1 4
Longitudinal coordinate {jam)

backward propagating waves

are becoming important
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BLOCH MODE FIELD PROPAGATION

Vertical component of the magnetic field intensity @ A = 1400 nm
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Transversal coordinate (um)

BLOCH MODE FIELD PROPAGATION

Vertical component of the magnetic field intensity @ A = 1375 nm
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BLOCH MODE FIELD PROPAGATION

Vertical component of the magnetic field intensity @ A = 1350 nm
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VAZBA MEZI SWG VLNOVODEM A NANODRATEM

Total length L = 50 um

‘Bridged” section ~13.5 ym, 58 “periods” “Unbridged” section ~36.5 uym, 108 “periods”
IIzI:’ WD =456rl"lnl ZI’IIVI;]II;I‘;I:6Inm 1000000000000000000000C000000000000000000000000000000000000000000 100000 I:I;’:an.gsl(l)lr;r;;;lzz
Detail of “bridged” section
i Lys v A z
WoiﬁﬂﬂﬂﬂﬂﬂﬂHI[II]HHI]IIULLHHJHIllllu..llil_l'luu_llﬁn_ﬂWu!m_!!!!!!lmnuu!!uu_ww.nf |
L Wy

Both wide and narrow “bridged” segments are linearly tapered;

the period length A is also linearly tapered,

from 200 nm to 270 nm in the “bridged” section and 260 nm
from 270 nm to 400 nm in the “unbridged” section sio,

Version 2 (L/2)

Similar (linearly tapered) but twice shorter: total length ~ 25 ym

“Bridged” section ~ 6.75 ym, 29 “periods”, “unbridged” section ~ 18.25 um, 54 “periods”

Version 3 (L/4)

Similar (linearly tapered) but four-times shorter: total length ~ 12.5 ym

“Bridged” section ~ 3.38 ym, 15 “periods”, “unbridged” section ~9.13 ym, 27 “periods”

Version 4 (L/8)

Similar (linearly tapered) but eight-times shorter: total length ~ 6.25 ym

“Bridged” section ~ 1.69 pm, 7 “periods”, “unbridged” section ~ 4.6 um, 13 “periods”

TRANSMITTANCE AND REFLECTANCE
OF THE NANOWIRE TO SWGW COUPLER
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TE,, MODE FIELD DISTRIBUTION
IN THE L/4 COUPLER:

VERTICAL PLANE
nanowire coupler SWGW
05 A ACRACR TR ERARERZONIC |
R
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normal mode Bloch mode
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Reflectance: — 36 dB Transmittance: — 0.02 dB

TE,, MODE FIELD DISTRIBUTION
IN THE L/4 COUPLER:
HORIZONTAL PLANE (upper half)

nanowire coupler SWGW
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INFLUENCE OF RANDOM FLUCTUATIONS
ON SWGW PERFORMANCE
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Aplikace subvinovych segmentovanych vinovod
na smérovou odbognici
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Aplikace subvinovych segmentovanych vinovodu
na vazebni ¢len s mnohovidovou interferenci

P. Cheben et al., Wavelength-Independent Multimode Interference Coupler, Opt. Express 2012
NRC, Ottawa, Canada, and University of Malaga, Spain
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BROADBAND SWGW MMI COUPLER

Z A a b
- - e

X

P; P.\r.w
Optimization of MM section for broadband operation
Check of imaging properties of the MMI section
Verification of taper function

Analysis of possible mutual coupling between tapers

v ok W

Field distribution and scattering matrix
of the complete coupler

A. Maese-Novo, R. Halir, S. Romero-Garcia, D. Pérez-Galacho, L. Zavargo-Peche, A. Ortega-Mofiux,
I. Molina-Ferndndez, J. G.Wanglemert-Pérez, and P. Cheben, Opt. Express vol 21, 7033-7040 (2013)
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OPTIMIZATION OF MMI SECTION
FOR BROADBAND OPERATION

Minimize wavelength dependence of the beat length between several lowest-order
lateral Bloch modes by optimization of period length; MMI section width = 6 um

[(m+1)2 —q” . m(m+2)

"ideal"beatlength: L, = = ,m=1,2...,8
Eff. indices 3(Bo = Bm) 6(Ngo —Nom)
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OPTIMIZATION OF THE MMI SECTION
FOR 1.3 — 1.7 ym WAVELENGTH RANGE

Average beat lengths Standard deviations of the beat lengths
38
[ 3.0
| Averaged pver spectral range 1.3 - 1.7 pm —_ Averaged over spectral range 1.3— 1.7 ym
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2 b o ‘ ‘ 1964 202
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Averaging over wavelengths and modes:

AL =196 nm, L% =32.85 um, NoP®'=1%"/(2A%]) = 84 periods,
A%E=202 nm, L% =32.13 um, NoP"® = 1% /(2A%%) =80 periods.

IMAGING PROPERTIES OF THE SWG MMI SECTION

Excitation of the SWG MM section with SWG “ports”
by the superposition of symmetric and antisymmetric Bloch modes

E,l

Y & = 1300 nm

MMI: 80 periods, A = 200 nm
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PROPERTIES OF INPUT AND OUTPUT COUPLERS

y coordinate (pm})

B m—— L]
| Estimated SWG period A =200 nm

0 2 ] 10 . . .
IE,| 2 coardinate (ym) Conversion from photonic wire
2 — S 00 into Bloch mode of the SWG output:
1
0 anna s LEEEEER RN Very high conversion efficiency
1

difficult to reliably calculate
(loss <= 0.01 dB),

very small return loss —
reflected power <=—45 dB
for all wavelengths

1.3 um, 1.5 um, and 1.7 um.

Shorter taper could probably
work well, too.

CHECK OF MUTUAL COUPLING IN THE TAPERS
z—umnnﬂﬂmmﬂmu&ﬂmllllllllllllllllllllﬂmmﬂﬂmmmm-é

0

0 5 10 15 20

y coordinate (pm})

-2
z coordinate (pm)
2

0

———————————

2 5 10 15 20

Calculated scattering parameters:

A (um) [S1,12 [S3112 [S411? Loss

1.70 2.304x10°5 0.995  4.963x103 -1.561x10°
1.50 2.804x105 0.993  6.991x103 —2.611x10*
1.30 4.149x10° 0.988  1.260x102 —3.966x10*

Mutual coupling in tapers is unimportant

12/20/2016
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FIELD DISTRIBUTION IN THE SWG MMI COUPLER
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S-PARAMETERS OF THE COMPLETE MMI DEVICE

Complete device, A =210 nm, 75 MMI periods, taper aperture 1.7 ym
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INFLUENCE OF RANDOM FLUCTUATIONS

Complete device, A =210 nm, 75 MMI periods, taper aperture 1.7 ym
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INFLUENCE OF RANDOM FLUCTUATIONS

Complete device, A =210 nm, 75 MMI periods, taper aperture 1.7 um
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SWG BASED BRAGG FILTERS

J. Wang, |. Glesk, and L.R. Chen: Subwavelength grating filtering devices. Opt. Express 22,
15335-15345 (2014)

A =05 fa#05 fundamental limitation
e . Li=fHA La=foA |AB =2A I ,of this approach!!!
: g
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i i I
input SWGW! Bragg grating output SWGW 3

2P periods

For numerical simulations, a commercial 2.5-D FDTD software packet was used
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NUMERICKE SIMULACE

,2.5D“ komercni FDTD software
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3D Fourierovska modélni metoda (FJFI, UFE)
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