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Very low attenuation
0.3dB/km @ 1310nm
0.2dB/km @ 1550nm
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Optical Fiber
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Wavelength Division Multiplexing (WDM)
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Wavelength Division Multiplexing (WDM)

2009

COPYRIGHT © 2009 TeleGeography ALL RIGHTS RESERVED,

GREENLAND.

RUSSIAN FEDERATION

RUSSIAN

MONGOLIA

ALGERIA

LiBYA

t MEXICO

sauD)
ARABIA

MAURITANIA
! MAL

NIGER  cap

VENE

coLomBiA

e . Sréir free propagation
|4 region
AUSTRALIA [ oo

2 pum wide
shallowly etched

7 FIBER-OPTIC SUBMARINE CABLE SYSTEMS waveguides

; 500 nm wide
A In-servicesystem Plamed system photonic wires

Il UGENT Photonics Research Group



Ring resonators

WDM: Optical delay

two—path AL

interference interference
with self
(resonance)

wavelength filter condition

Mach—Zehnders m-A=AL - Nerr

Echelle gratings

— multipath
interference

—>

Arrayed waveguide gratings
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IBM Vision for 2020: On-chip interconnect

Nano-photonics for Optically connected 3-D Supercomputer Chip
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Silicon AWG

40 X 100 GHz Silica AWG

AN
16X 200 GHz Silicon
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de Grating (AWGQG)
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Problems in Silicon AWG
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High Sensitivity

wire width ﬂ ~ 1 nmy
ow nm
. . oA
wire height o7 ~2MWM/
dA
temperature T ~ 0.08 nm/ K

(Good geometry control 1s required
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Structure the outline

+ QOur approach
+ Qur results
+ Conclusions
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Structure the outline

— Qur approach
eDesign
eSimulation
eFabrication
*Measurement

+ QOur results
+ Conclusions
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Framework

[PKISS

Design
Parameters

Fabrication

Characterization
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Design Parameters
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Phase Fronts in Array waveguides

A= Ao Al=m—20 _ = AO:HCAL A<Ao

(a) Phase relation for A = Ao
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Framework
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Design of Silicon AWG

. 450 nm WG
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Different shaped AWGs

R Light out

ok

Circular AWG

S—shaped AWG

U

Angled AWG - Angled AWG»--:
~ Variable Bend Radius Constant Bend Radius
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Framework
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Simulation of the AWG: Decomposition

Waveguide propagation
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Simulation of the AWG: Slab Engine
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Simulation of the AWG

Waveguide propagation

Lhrggasd Tap = Ton-Tan- Tpn!
{M Simulation 16x200 GHz AWG
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Framework

Fabrication
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Fabrication

1.s01 Wafer 2.BARCoat'

ing 3.Resist 4 .Exposure
and bake Coating (193nm Stepper)
and bake
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Framework

Characterization
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Measurement setup
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Automatic Setup

1 Router (16x16) = 272 Alignements
for Expert PhD Student

for
Automatic Measurement setup
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Layout - Simulation
Fabrication— Measurements (1 6x200 GHz AWGQ)
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Structure the outline

+ QOur approach
— QOur results
*[nsertion L.oss and Non—uniformity
e Crosstalk
e Channel mismatch
e Round top to flattop
e Switch

+ Conclusions
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Problems in Silicon AWG
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Insertion Loss of AWG

Propagation loss of a S1 wire: 2dB/cm

For a 12X400 GHz AWG Path travel by the Light is: ~1 mm

But Insertion Loss of the AWG is: —1.336 dB 4|

Possibility in Design

it G&°0

0.49 mm
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Non—uniformity loss , .
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Non—uniformity loss 1
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Insertion Loss and non—uniformity

il

~ Add more waveguides

Narrow down the arm
apertures

Constant focus

77 g Non—uniformity
..... ‘ Should improve

12x400 GHz AWGs
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Insertion Loss and non—uniformity
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Structure the outline

+ QOur approach
— QOur results
*[nsertion L.oss and Non—uniformity
e Crosstalk
e Channel mismatch
e Round top to flattop
e Switch

+ Conclusions

I UGENT Photonics Research Group



Problems in Silicon AWG
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Crosstalk: Phase error
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Crosstalk of AWG: mask grid

Length deviation

B a

a 1s mask grid width
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Crosstalk of AWG: Simulation 16X400 GHz AWGs
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Crosstalk of AWG: Simulation 16X400 GHz AWGs
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Crosstalk of AWG: Measured 16X400 GHz AWGs
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Structure the outline

+ QOur approach
— QOur results
*[nsertion L.oss and Non—uniformity
e Crosstalk
e Channel mismatch
e Round top to flattop
e Switch

+ Conclusions
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Problems in Silicon AWG

transmission [dB]
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Channel spacing mismatch

/ Y\ Wala s

Star—coupler 6

fitted channel spacing
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Formula for output position

Formula 1
‘ Nyg (A)-Ac = nwg(/lc)‘/l
Nyg(Ae) Ngiap(A)-dg

sinf = m

Theoretically more accurate formula
but need accurate n, for all
wavelengths

I

Star—coupler T

Formula 2
do mAing g
dv NgapNwg(Ac)dac

Theoretically less accurate formula
but need accurate n,, for center

wavelength and accurate ng,,
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Improvement in channel spacing: 12x200 GHz AWG

Formula 2
Formula 1
0]
1 01 1
s |
3] |
g d |
n |
7] o |
5 g |
g -15] “ !
L] ] - i
; 1 1 I ] | | E
] I I I I I : E
—20; 1 | | ] ) | g
| i it
4 /\)l A A /N/\ A i AA/N\‘ / N

.......................

Wavelength (um) Wavelength (pm)

Best fitted channel spacing 201.9 GHz
Maximum deviation 19.0 GHz Maximum deviation 12.9 GHz
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+ QOur approach
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Problems in Silicon AWG
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Second Star—coupler: Round Top
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Second Star—coupler: Convolution

—

Image field of the Input output field

Transmission
Image field of the Input

Input aperture
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Second Star—coupler: Convolution

Image field of the Input output field

Transmission

Image field of the Input
Input aperture

I UGENT Photonics Research Group




MMI aperture: Simulation

- 220 nm Si 150 nm Si - Air
43 pm 25 pm
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Fabricated MMI-AWG

12x400 GHz MMI-AWG
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MMI aperture (WA Ak
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Measurement Results of MMI-AWG

o_

12x400 GHz MMI-AWG
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Insertion loss —2.07 dB

Crosstalk —19.5 dB Aspect ratio (1dB bandwidth/ 10 dB bandwidth)

0.5
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Problems in Silicon AWG
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Structure the outline

+ QOur approach
— QOur results
*[nsertion L.oss and Non—uniformity
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Measurement of the switching state
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Structure the outline

+ QOur approach

+ QOur results

— Conclusions
ecomparison with other filters
ecomparison with the world
esuMmMary
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Comparison between the Filters

Lattice filter
Bad Good

—

Ring filter

Fabrication
Dependency

Lattice filter

loss

crosstalk

Thermal tuning

Router

Higher no output
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Comparison with the world
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Summary

We studied AWGs on silicon
—We developed a full method for
design—simulation—fabrication— characterization

We approached several problems of AWGs, with
significant improvements

— loss and uniformity

— grid snapping

— flat top

— channel spacing
We made an active AWG switch in silicon
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