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Introduction to Optics

Introduction to Optics

Transmission via Light

What is light?
Electromagnetic radiation.

Does light have a mass?
Yes and No. The concept of Relativistic mass
(Carrying energy proves the mass!! Hint : kinetic — heat energy conversion)

How do we measure the mass of light?
Easy! By weighing it. Experiment made : radiating amplified light sources through a scale and

mass has been measured
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Introduction to Optics - continued

Transmission via Light
How does structure of light look like?
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Introduction to Optics - continued

Optics ve Electronics
Optical domain
a photonic technology is well suited to a

certain simple (linear) signal-routing
and switching functions

o
a optical power combining, dividing

and filtering wavelength

multiplexing, demultiplexing and @

routing channelizing needed to make
efficient use of enormous bandwidth
of the fiber

a by wavelength division multiplexing
(WDM) many signals operating on
different wavelengths share each
fiber

a optics is fast but dumb
- connectivity bottleneck

Electrical domain

electronics is needed to perform
more complex (nonlinear) functions

signal detection, regeneration and
buffering logic functions (e.g.
reading and writing packet headers)

However, these complex functions
limit the throughput

Electronics also gives a possibility to

include in-band control information
(e.g. in packet headers) enabling a
high degree of virtual connectivity

easier to control
electronics is slow but smart
- electronic bottleneck
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Components of Optical Networks

Components of Optical Networks

Optical Sources

Q LED
O LASER

Optical Detectors

Q Photoconductor
Q Photodiode

O Phototransistors

Optical Devices

Optical Amplifier

Second Harmonic Generation
Splitter and Coupler
Polarization Controller

Lens and Prism

Diffraction Gratings
Modulator and Switch
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Components of Optical Networks - continued

Optical ADMs

Q Allows transit traffic to bypass node optically
O New traffic stream can enter without affecting the existing streams
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Optical Networks and Systems

Definition

“Optical networks are high capacity telecommunication networks based on
optical technologies that provide routing, grooming and restoration at the
wavelength level as well as wavelength based services”

An optical network is a telecommunications network
Q with transmission links that are optical fibers, and

QO with an architecture designed to exploit the unique features of fibers
O And they do not necessarily be pure optical

Characteristics of Optical Networks

Transmission : Optical
Switching : all-optical / all-electronic / hybrid / circuit / packet / burst
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Optical Networks and Systems - continued

Advantages of Optical Networks

Large BW allows high data transmission rate

Immunity to Electromagnetic interference results in lower bit error
Fiber glass has low attenuation

Optical Fiber is difficult to tap thus provides higher security
Advantageous multiplexing methods

Restoration done in optical layer is faster and efficient

Easy long haul transmission

ooopo0oO0OOo

Advantages of Optical Networks

O Complex cable splicing

Q Fragility

QO Fiber cables are expensive

QO Requires more protection than copper
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Optical Networks and Systems - continued

Generic Optical Network Architecture
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Optical Networks and Systems - continued

Bandwidth

Usable band in a fiber
. 1.30pm - 1.65um = 40 THz
. A spaced at 100 GHz = 400 A per fiber

Link Speeds up to 40 Gbps per A
. OC-3 = 155Mbps
- OC-768 = 40Gbps becoming available

Total link capacity
= 400 A * 40Gbps = 16 Thps!
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Optical Networks and Systems - continued

Synchronisation

TX

0 0 0 0 0 0
| 1

The data is transmitted The receiver samples the
at regular intervals Incoming signal at the same
timed by the transmitter’s frequency as the Transmitter
oscillator
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Optical Networks and Systems - continued

De-Synchronisation

Missed data Data read twice

TX

O,

Different RX clock

Dipl.-Ing. Kaan Avsar Asan, M.Sc

Optical Networks and Systems - continued

The Optical Layer

Optical layer

/ = / The optical layer is a wavelength-based concept and lies
/ . / — just above the physical layer
v Vgt i
‘,/ The physical layer provides a physical connection
physical layer | between two nodes and the optical layer provides light
J ' i,/ path services over that link
/i @/
L i Tasks of Optical Layer
/o e
"/' i P _/f fertinks 0O wavelength multiplexing

\ / 0O  optical switching

SONET/SDH nodes
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Optical Networks and Systems - continued

Speaking the same language / Dieselbe Sprache sprechen

traffic grooming Grouping many small entities into larger units
Dispersion the change of index of refraction with wavelength
restoration Dissolving larger units into small entities
ADM Add-Drop Multiplexer
Long/short haul Long/short distances
CXC Cross-connect.
Oscillator A signal source
Synchronisation Timely alignment of sender and receiver
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Fiber Distributed Data Interface

Fiber Distributed Data Interface (FDDI)
QO  1st generation Optical Network
QO Electronic — Optic operational
Q Fiber connected by Electronic routers/switches with O-E-O conversion
0 Optical LAN at 100 Mbps
O Dual Token Rings mechanism (resilience)
QO FDDI segment can be up to 2km
0  Packet switching
0O Guaranteed BW
0 Ring Monitoring system
OS] Reference Model
7 Application
PHY layer 6 Presentation
encoding/decoding
elocking B on
PDM layer 4 Transport
Electrons
3 Network LAN Standards
Photons
2 Data Link
FODI Ethernet Token Ring
1 Physical
To fiber
Physical layer is subdivided into:
physical-medium-dependent (PMD) sublayer defines the details of the fiber-optic cable used
the physical (PHY) layer specifies encoding/decoding and clocking operation
o
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Fiber Distributed Data Interface - continued

Fiber Distributed Data Interface (FDDI)

15t generation Optical Network

Electronic — Optic operational

Fiber connected by Electronic routers/switches with O-E-O conversion
Optical LAN at 100 Mbps

Dual Token Rings mechanism (resilience)

FDDI segment can be up to 2km

Packet switching

Guaranteed BW

Ring Monitoring system
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