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Abstract

By the end of 2023, almost 2/3 of the world's population will have access to the Internet,
and the number of devices that will be connected to a nletwibh an IP address will be
about three times the global population. At the same time, the Internet of Things, Artificial
Intelligence and cloud applications are thriving, pushing data traffic over the edge. In more
detail, traffic in data centers is exgbed to reach 19.5 ZB by the end of 2021, when in 2016
was only 6 ZB with the majority of this traffic staying within the data center (71.5%). It is
therefore clear, that data centers play a key role in the transmission of information, while
their intercanection in the most fast, higlandwidth and efficient wayin terms of cost

and power consumptiens vital. This dissertationattempts to contribute to this path.
Through the study, design and experimental evaluation of photonic integrated circaits up t
the experimental demonstration of a hggeed and higbandwidth Active Optical Cable,
proposes an optical int@datacenter interconnection that tackles the modern challenges.

The first basic contribution of the current dissertation concerns the defsamnintegrated

SOI multiplexer/demultiplexer with polarization insensitivity. The purpose of developing
such a structure is to use it as a WDM multiplexer/demultiplexer in an Active Optical Cable.
For this reason, a structure based on a Magfimder Intderometer equipped with MMI
couplers, was designed through extensive simulation studies. The second contribution of the
dissertation involves the study of singtede VCSELs operating in the-l&and window.

These structureghat constitute the most important elements of the optical interconnect
under development, were evaluated both in terms of their operating characteristics and of
their behaviour in two systeisvel experiments. The first experiment exploited a novel
methodof generating a PAM optical signal through polarization multiplexing while the
second one achieved data transmission at 80 Gb/s with-# Alddulation format. The last

main contribution of the dissertation involves the evaluation under laboratory oosditi
different developed prototypes: a transmitter, a receiver and a multicore fiber with a
breakout interface. These devices exhibited excellent performance and thus were considered
as suitable for the implementation of optical interconnects of datterseand high
performance computing systems.

Keywords: Active Optical CableAOC, Optical interconnects, Int@atacenter
interconnects, Optical transceivers, Photonic Integrated Circuits, Silicon Photonics, Vertical
Cavity SurfaceEmitting Laser VCSEL, MachZehnder InterferometéMZI, Data centers,
High-performance computinglPC.
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ADC
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AOC
BER
BTJ
CMOS
CXP
DAC
DBR
DC
DCI
DCN
DEMUX
Dl
EDFA
ER
FDTD
FEC
FEM
FMM
FPGA
FSR
IM/DD
InP
loT

MBE
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Analogto-Digital Converter

Artificial Intelligence

Active Optical Cable

Bit Error Rate

Buried Tunnel Junction
Complementaryetal Oxidei Semiconductor
Common Transceiver (X) Pluggable
Digital-to-Analog Converter
Distributed Bragg Reflector

Data center

Data Center Interconnects

Data Center Network
De-Multiplexer

Delay Interferometer

Erbium Doped Fiber Amplifier
Extinction Ration

Finite Difference Time Domain
Forward Error Correction

Finite Element Method

Field Mode Matching

Field Programable Gate Array

Free Spectral Range

Intensity Modulation/Direct Detection
Indium Phosphide

Internet of Things

Internet Protocol

Molecular Beam Epitaxy
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MMI Multimode Interference

MRR Micro-Ring Resonator

MUX Multiplexer

MZI MachZehnder Interferometer
MZM Mach-Zehnder Modulator

NRZ Non-Return to Zero

OOK On-Off Keying

PAM-4 Pulse Amplitude Modulation-tevel
PBC Polarization Beam Combiner
PBS Polarization Beam Splitter

PD Photodiode

PMD Polarization Mode Dispersion
QSFP Quad SmalFormfactor Pluggable
SDM Space Division Multiplexing

SFP Small Formfactor Pluggable

Si Silicon

SiO2 Silicon Dioxide

SMF Single Mode Fiber

SNR Signatto-Noise Ratio

SOl Silicon on Insulator

TE Transverse Electric

TEC TemperatureController

TIA Transimpedance Amplifier

™ Transverse Magnetic

TSV ThroughsSilicon Vias

VCSEL Vertical Cavity Surface Emitting Laser
VNA Vector Network Analyzer

WDM Wavelength Division Multiplexing
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Source: Cisco Annual Internet Report, 2018-2023
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nsi 3.48

nsid; 1.43
ns0G 1.38
hsi0; 2 pLm
W 400 nm
h 340 nm
e 2 25 3 dB/cm
O 2 2.5 3 dB/cm
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VCSEL Rollover Output Optical Polarization extinction

Current (mA) Power (dBm) ratio (dB)

A2-3-3 7.4 3.33 13.5

A2-4-3 7.3 3.5 21.07

A2-8-3 6.9 3.2 22.3

A3-1-5 7.3 3.33 8.82

A3-4-5 7.1 3.62 23.28

A3-8-5 6.7 3.31 28.45

B1-2-7 8.2 2.12 6.65

B1-4-7 9.5 2.66 3.47

B1-8-7 9.8 3.47 3.63

B2-1-9 10 4.74 4.79

B2-2-9 9.6 4.11 8.84

B2-4-9 10.2 3.8 6.58

B2-8-9 9.8 2.99 3.16

B3-1-11 9.6 4.64 12.31

B3-2-11 9 3.23 26.23

B3-4-11 8.6 3.23 3.72

B3-8-11 9.8 3.97 6.4

C1-8-13 11.3 3.6 6.4

C2-8-15 7.6 4.5 22.48

C38-17 12.6 5.18 18.95
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