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56 A AMO GmbH

SpinOff of RWTH I B e
Aachen University amy . g — S
GwSasSlk NDK ’ \ |
Operating since 1997
~ 40 staff members

~ 10..15 research projects in parallel

70% public funded research projects, 30% direct cooperation
400 m? class 10..1000 clean room

silicon CMOS compatible processing line
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@9 AMO GmbH
| R&D Services / Technology Developme

Nanoelectronics

SOIFinFetintegration for low power CMOS
Epitaxial gate oxides and metal gate integration
Nanowiretechnology
Graphene electronics

Own CMOS Prototyping line

Nanophotonics

Silicon photonic device prototyping

Passive and active device development

High resolution / high quality fabrication
cé {hL tK2G2yAO0 t NRG2{G@& LI

Nanofabrication

UV nanoimprint process & template development

IP on nanoimprint on non planare surfaces

Larger area stamp / template fabrication

Flexible template and resist material development
Tool and Fabrication Platform available
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Passive Nanophotonic Devices

www.amo.de

www.amo.de amo@amo.de ITGTagung 11.05.2011 in Nirnberg



1588 A s Passive Photonic Devices

Waveguides, Splitters, Couplers,
Resonators, MacZehnder
Interferometers, Photonic Crystals etc.

400 nm

<>

Designsrom RWTHand AIT
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€9 Passive Photonic Device Platformn

Electron Beam Lithography
Ideal for ultrahigh accuracy and low volu
Flexible for design modifications

LeicaEBPG 5000, 100kVHSQ negative tone resist

Pattern Transfer via ICP/RIE

Anisotropic etching
Smooth side walls

OxfordPlasmalald 00with HBY Cl high selectivity Si/SiO
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& Technologie fur Wellenleiter

Mag=10317 K X
EHT = 4 00 kV
WD = 5.0mm InLens

Strip-Waveguide Rib-Waveguide

Linear losses for TE single mode waveguides 1.5 .. 2 dB/cm
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&N Main Fabrication Process Module:

EBL

highresolution
andaccuracy

<< 100nmgap

< 50nm features
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AMO NovelResonatoiStructures- Examples

Circular grating resonator

Gaps down to 50 nm
on 340 nm SOI

1D PhotonicCrystal Devices
Hole Diameter dowmo 50 nm
CD Variation < Bm

Courtesyof IBM

www.amo.de amo@amo.de ITGTagung 11.05.2011 in Nurnberg 9



&7 . RWTHAACHEN

UNIVERSITY Statistischer Fehler Resonanzfrequer
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Deviation of Resonance (nm)

On-chip resonance control ~+/-1..2nm
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Couplers- Examples

=== R\NTHAACHEN
Xk AMO  UNIVERSITY

Mode Size Converters for Grating Couplers

Edge Coupling for vertical Coupling
Efficiencies ~ 60%, Efficiency ~ 3050 %

no facet polishing dep. on design complexity
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SiliconPhotonicsBaselinedProcess

c ¢hotonicsActiveProcesd.ine

Mix & Match EBlith i-line lithography
EBLfor ultrahighaccuracy

I-line stepperfor low costperiphery
1000 .. 200@ per Reticle
MLMwith 4 layersper reticle

iIndividuallow volumeprocessing

Example 2 EBlayers+ 10peripheral
layers 3000¢€ reticle costs
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HEEN

.. RWTHAACHEN | | |
seas AMO UNIVERSITY Passive Devices + Tunin

resonancetuning

heaterson topof SOI rings
k<upto 10nm

C full reconfigurationpossible

buried oxide

Transmission [dB]

13150 13155 13160 13165 1317.0
Wavelength [nm]

low-rate modulatior’ routing
spectralcorrectionsdueto
fabricationtolerances
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ey RWTHAACHEN o o
S AMIO  UNIVERSITY  { f 2agtiveddevices switchingin the kHzrange
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ﬁ AMO Application Switch, Router, MUX, etc.
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Designand Characterizatiotoy BOOMproject
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www.amo.de

modulatortechnology

www.amo.de
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!ﬁ AMO ActiveComponents; Modulators

plasmamodulator with lateral p-i-n diode
plasmadispersion

C variationin refractiveindexng;
combinationwith ring resonator
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RWTHAACHEN Plasma Dispersion Modulator
PULIE MRt . R .
€3 UNIVERSITY with thermal stabilization

G S G

Heater
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Modulator Technology

Injection Mode Plasma Modulatobasedon RingResonator Design

File ertical Horiz/dcq  Tri

Display ~ Cursors  Measure M.
cos_____ TiMardl]

Curs1 Pos
4dons” |

Keyparameters ‘ ' Gl cueoeos

-4900ps |

w 1Gbps Modulation rate
w DrivingVoltage

Vmod = 0.8V (pp)

Vjigs= 1.5V

w HighQRRDesign
for O-Band100GH2ANDM

w ActivewavelengthTuning 8 amo
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RWTHAACHEN
‘ &N UNIVERSITY INNOTRANS

INNOLUMGE

Quantenpunkt-Kamm-Laser
- 20 Ringresonator-Modulatoren
a 5 Gbps fur 20-Kanal-WDM

Nanophotonik-Chip
& RWTHAACHEN
UNIVERSITY
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www.amo.de

detectortechnology

amo@amo.de

www.amo.de

ITGTagung 11.05.2011 in Nurnberg

23



RWTHAACHEN Receiver Technol
e UNIVERCITY eceiver Technology

" Pgo=30mW = Ik

All-SiliconDetector 100y
- - - 10“.! lllllllllllllIlllllllllllllllIIIIIIII...
Linearabsorptionvia defects
< 1 1
Keyparameters 2 100n; 1
o 10N . 1
W Broadban(ja\”_slllcon - 1n . ........lllllllllllllllllllllllllll
Photodiodefor GBand 1 ;
or O-Band 100p— ' ' I -
-20  -15 -10 -5 0
L Si-implantation VbiaS [V]
w Sensitivity 0.3 A/W P v

w BiasVoltage
| Vbiad > 2.5V

w RFOperationunder
investigation
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e Detektor Charakterisierung Si-implantierte:

Vergleich mit publizierten Daten

Ups[cm-1] S [A/W]@5V Loy [M] lganc [A] @ 5V Ref.
Germanium ~1000 1 15um 4uA Vivien et al. 2009
Si*-lonen 1.8-4.1 0.5+0.2 3mm 7.8nA Geis et. al 2007
Si*-lonen 0.85 0.286 3mm 1nA IHT
TIN-AI Imsrl;am\ 220lnm 181°8rc':n r

1.4 ym—o—
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sl wings ' ,
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www.amo.de

SiliconPhotonicPlatform

www.amo.de
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| www.amo.de

MISTRAL:
Fundamentalesearchon
advancedStphotonic
devices

w Telecom

INNOTRANS:
O-Band Multichannel
100Ghz WDM-
Transmitter

wDatacom

BOOM:

Silicon photonic
integrated components [BIBEIE 6]ty
for Tb/s fully integrated

router

PLATON:

Plasmonic and Silicon
wDatacom

Photonics Integration for
Tb/s router

amo@amo.de

Partners and Research Projects

Partners

FCiDeutschland GmbH
CoreOpticssmbH &cq by Cisco Inc.)
ut photonicsAG

Innolume GmbH

AMO GmbH

Oclaro

IBM Zlrich

Luxdyne
ConstellextechnologyEnablers

IMEC

Austrian Instituteof Technology
Universityof Valencia

KIT

Fraunhofer IZM

LUHannover

IHT- RWTHAachen

Universityof Surrey

Centerof Researcltand Technology Hellas
National Technical University Athens
X
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&9

Launchof Silicon
PhotonicsPlatform

wCombiningexcellence in
Design, Nan€CMOS
Processingechnology
andcharacterization

PassivaBaseline

wSiliconmotherboard
technology

www.amo.de amo@amo.de

1 GbpsBaseline

wlGbpsplasma
modulatoravailable

wAll-SitPDs (Prototype
status repeatability
underinvestigatior)

e

Technology Roadmap

10 Gbp$Baseline

w10 Gbp<=lectro-optical
modulatortechnology

w10 Gbhpdetector
technology

wAdvancedassives
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SiliconPhotonicsBaselinedProcess

>>> GET ACCESS

to SOIPrototypingPlatform
BaselindProcesses
from chipscalePhotonicPassives
to ¢ dPhotonicsActiveProcesd.ine

Mix & Match EBlith i-line lithography
Ultrahighaccuracy
Flexibleprocessing
individualservice

Modesof Cooperation
Research Project Partner
ContractResearch & Development
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www.amo.de

partner of innovators
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