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Fiber optics (FO)Technology has entered into many different areas
Today'’s presentation portrays FO as used in telecommunications systems

Some other uses include :

Medical & Health care

Endoscopes in which glass fibers arrayed in rows and columns emulate digital based screens in
which each FO strand represents a pixel, Biomedical and MRI sensors, Oral cavity illumination in
dentistry, and Fiber-based laser interferometers

earthquake detection



IDEAL CABLES

Outer Jucket
Aramid Yarn
Acrylic Coating

~Colored Bure Fiber

>
> idedl
>
Indoor Indoor / Outdoor Outdoor
2 ICEA 640
ICEA 596 ICEA 696
Standards ICEA 717 (Drop)
Operational (-20 °C to +70 °C) Ri (-40 °C to +70 °C)
> (- o iser 4 © o - o
Temperature (0 °C to +70 °C) Plenum (-40°Cto +70°C) (-50 °C to +70 °C) /
Range
2

Water Blocked

> Tensile rating 50 to 300 Ibs. 300 to 600 Ibs. 300 to 600 Ibs.
> Crush rating 50 to 100 N/cm 110 to 220 N/cm 110 to 440 N/cm
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Coating Core

Glass filament of coaxial construction that conducts light via total internal reflection

~ The center, the axial part of an opfical fiber serves as the light transmission area of the fiber. The
efraction > the surrounding cladding.

» Cladding

>
» Single Mode Fiber (SMF)
> €
8.3 um 74
» Multimode Mode Fiber (MMF)
> re S0 um  62.5 um
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Angle of Angle of

Lighi at less than incidence reflection

Total Internal Reflection crifical angle is

absorbed in jacket

If the cladding has a lower index of refraction than the core, a distinct angle exists for which no
light is refracted. Light is completely reflected back into the core material. Maximum light can
be fransmitted through the light guide if total internal reflection occurs at the core-
cladding interface.

Index of Refraction o
\ refractive index

The refractive index is the factor that the speed mn Nz
and wavelength of the radiation are reduced

with respect tfo their vacuum values: the speed 0
of light in a medium is , and similarly the | _normal | :
wavelength in that medium is . Where A, g '..
is the wavelength of that light in vacuum. This A%
implies that vacuum has a refractive index of 1,
and assumes that the frequency | ) of the
wave is not affected by the refractive index.

sin 6, v A1

sin 6, Vs A2

Snell’'s La

interface



For , the index of refractionis ...

— Cuput pulse
constant within the core and constant within the cladding. T >~ <
Step index fibers have a constant index profile over the _
entire cross section.
Imput pulse Output pulse
have a non-linear, e —e——oe——>p | /|\
symmetric mdex proflle which falls off from the ™7

Chunput pulse

Single mode fibers

Clad fibers are necessary for transmitting light over long distance. If cladding were not used, the environment
(atmosphere, gases, dirt) would be the cladding material. Absorption greatly reduces the transmitted light. For
total internal reflection, some of the energy in the electric field penetrates the cladding and is known as the
evanescence field. Typically the penetration depth is 5 times the respective wavelength. Cladding material
requires high optical performance because a significant portion of the energy is transmitted in it.
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FIBER PERFORMANCE FACTORS
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FIBER OPTIC TRANSMITTER COMPARISON

Spectral width is
measured in
nanometers.

Laser Spectral Width

LED Spectral Width

Measured in yW

820 nm LED

Light Emitting Diode
(A) FDDI Overfilled-Launch

Core 62.5 pm

VGSEL
’« ,. Spot size 35 um

A
Vartical Cavity Surfma Emlttlng Laser (VCSEL)
(B) Gigabit Ethernet Short Wavelength

, .'u Core 62.5 um

Laser : ', __,i'll .'J Spot size 10 um

~_ '___,.-""._'_._._'_,___._-
Single-Mode Laser

{C) Gigabit Ethernet Long Wavelength
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2Km

1300 nm Laser 10Km > ::E =
1550 nm Laser 40Km L* ity




FIBER OPTIC RECEIVERS

» Receiver Noise

* Responsivity
linearity

* Response Time

WAVELENGTH RANGES FOR COMMONLY USED PHOTODIODE MATERIALS

MATERIAL WAVELENGTH
SENSITIVITY (NM)

Germanium 800 -1700
Indium gallium arsenide 800 - 2600
2 ide ~1000 - 3500
Lead sulphide 1000 - 3300 600 800 1000 1200 1400 1600 1800
Silicon 180 - 1100 Wavelength (nm)




and are the principal optical
detectors used in fiber optic telecommunications systems.

~are used as the detector in most applications. (less expensive)

_ Fiber

> Avalanche Photodiodes

> Response Time 4

» Avalanche Photodiodes



FIBER OPTIC LIGHT AMPLIFIERS

» An Erbium-Doped Fiber Amplifier (EDFA) ampilifies light traversing a fiber to overcome attenuation

» Amplification third transmission window
> ~1520 nm to ~1565 nm
~1565 nm to ~1610 nm
>
>
| 2
| 2
> noise figures of 6 — 8 dB
< 30-40 dB 25 dBm

ng-Pa'lu
Grating Filter

Signas ( ?
&
; Doped fibre
A

Schematic diagram of a simple Doped Fiber
Amplifier

Schematic of an EDFA designed to provide uniform gain over the 1530-1570-nm
bandwidth using an optical filter containing several long-period fiber gratings. The two-stage
design helps to reduce the noise level.




WAVELENGTH DIVISION MULTIPLEXING

» Wavelength division multiplexing

> multiplies
> input coupler
» demultiplexer
grating separates different As

separate output for each A

DWDM

CHANNELS
High Density 0.8nm Between Channels
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Wavelength Division Multiplexing



CWDM is WDM operating between :
CWDM equipment typically uses wavelengths about apart.

ansmits up to 16 channels & uses wider spacing between channels.
ompared to DWDM) tolerates much higher




Standard C-band DWDM ITU channels consist of (100GHz) wavelength spacing for 40
channels or (50GHz) spacing for 80 channels.

G694.1 defines the DWDM wavelength range as (196.1 THz) (191.7 THz).
ed within the wavelength limits of optical amplifiers

elength than those needed for CWDM due to the closer A
ne laser tfransmitters in DWDM systems

| EDFA |

CDM

DWDM




SFP-10G-SR-C
SFPe 10G 8500m J00m.
Canat

MAC block
to a PHY
chip

Backward
compatible

. “

Lanes

MAC block
to a PHY
chip

Backward
compatible

Name Standard | Introduced

Fiber, QSFP types
Twisted

Pair

100 Mbit/s
SFP

SFF INF-
80740

2001-05-01 4 Gbit/s

QSFP

- “

100 Mbit/s SFP*

LC, RJ45
LC, RJ45

Fiber,
Twisted
Pair

40 Gbit/s
QSFP+

SFF INF-
80740

1 Gbit/s SFP 2001-05-01 current SGMI

50 Gbit/s
QSFF28

1 Gbit/s §
current Fiber LC
cSFP

100 Gbit/s
Fiber, QSFP28
Twisted

Pair, DAC

10 Ghit/s SFF SFF-

8431 4.1

2008-07-06 LC, RJ45 200 Gbit's

QSFP56

current

400 Gbit/s
QSFP112

5 F

-
-

400 Gbit's
QSFP-DD




100GbE 400GbE
Transmission Tx Rx Tx Rx

Would require
40 fibers in

10G parallel lanes — — each direction.

Connector
issues

25G parallel lanes

10G or 25G with
WDM and/or parallel
lanes

Note: Multiple lines represent parallel lanes and line with multiple colors represents
WDM (multiple wavelengths within same lane).

Practical Concerns

The primary cost of most optical
networks is the optical interfaces;
NOT the cables.

A MMF network can be used
with inexpensive connectors and
transmitters lowering the total
system cost.

MMEF fiber is a better choice for
shorter distance applications
such as within a data center.

A SMF network requires more
expensive tfransmitters and
receivers to couple enough light
given the small core area.

SMF is typically used in carrier
networks and supports distances
of =40 km.




melts the fiber ends together using an electric arc.

First the fiber ends are stripped of their protective polymer coating and outer jacket. The ends are
cleaved (cut) with a precision cleaver to make them perpendicular, and then placed into
holders in the fusion splicer. The splice is inspected via a viewing screen to check the cleaves

before and after the splice.

Splicers use small motors to align the end faces together, and emit a small spark between
electrodes at the gap to burn off dust and moisture.

s a larger spark ’rho’r raises the temperature above the melting point of the
ontrols the location and energy of the spark so

core and cladding do not mix

under 0.1




(mated pair of connectors)

A fiber-optic connector is a rigid cylindrical barrel surrounded by a sleeve
that holds the barrel in its mafing socket. The mating mechanism can be
push and click, turn and latch (bayonet mount), or screw-in (threaded).
The barrel is typically free to move within the sleeve and may have a key
that prevents the barrel and fiber from rotating as the connectors are

preparing the fiber end and inserting it

onnector pair EEEEN

03to1.0dB MPO/MTP Connector

mMaximum 0.75 dB
>
> polished to a mirror finish
12- and 24-fiber MPOs for use in
40- and 100-GbE networks
> curved surface angled

physical contact
reduces back reflection




Problem Causes
Connector is not fully engaged.
Quality of the connector itself,
Fails IEC PAS 61755-3 standards, including polish angle, fiber height, radius of curvature or apex offset.
Poor field termination
Air gaps & high insertion loss or scratches, defects and contamination on the end face of the connector.

i : — dust, fingerprints & oily substances cause
excessive loss and sometimes damage connector end faces.

isalignment or incorrect polarity.
onnector that causes misalignment
its mate often caused by worn or
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Instruments & Tools

- laser light beam or flashlight that
o [

» Optical Loss Test Set (OLTS)

» Opfical Time Domain Reflectometers (OTDR)

> Wiggle Test




KEEP "EM CLEAN

Inspection

Single-mode cladding
~125pm

Human hair
~80-100pm

Single-mode core
~9um

@ .
Lint, particles visible to Heavy dust, lint, fertilizer,  Average dust, plant Bacteria, light dust, Bacteria, tobacco and
the naked eye pollen spores, mold animal dander cooking smoke, metallic
~25um ~10um ~5-10um ~1-5um fumes
~0.3-1um




Inspection IEC 61300-3-35 Edition 3

- Contacl Zone (13 5.

Edition 3 (2022)

,\’o‘\a “By
R LT
ey Zones: X 2
& 3_: ety * Epoxy Zone (C) and Contact
Corazone Zone (D) - Eliminated
b [0-25pm]
' * (Cladding Zone - Reduced
to 110pum
Scratches Defects * Core - Some defects and
No Limit £3um Four <5um
NONE NONE A None s3um None s5ym scratches allowed ] R
" No Limit <2um - No Limit <5um * Cladding - Defects <25um .= 85 k“ cme
No Limit £3um . No Limit €5um , C ’
None >3um Five >2um - <5Spm B None >5um Five >5pm - <10pm allowed T 0.%7.) Crn)..
W None >5um W None >10pm i .
- o - - * Not all inspection
No Limit No Limit C No Limit No Limit eq uipment setup
No Limit <20pum
No Limit None =10um D No Limit Five >20pm - <30pm The objective of inspection is to verify the endface is
None >30um free of permanent defects and contamination within
Edition 3 adds a requirement to check the full contact surface (250um) the contact region.

B N\

Contamination is removable. Scratches, embedded dust, pitting, and
poorly polished surface defects are

permanent defects.

/\ Need to Clean " . 1F ,' : S

Humidit Fine Dust Scratches Embedded Dust Over-polished




is a cylindrical glass blank that provides the
nich the glass fiber will be drawn 0 oo B
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FIBER MANUFACTURING

> drawing process

>

» Acceptance Testing post Drawing

>

Load Cell

Tension

Gauge ()
T A Pulley
Sl N @

v v v v Vv Vv

Drawing Tower



|Attenuation Decrease (dB/km)]

Aftenuation coefficient of standard fibers

Fiber ribbons Multi-core >
' 0
m
ﬁ =
§ 0.6+
Few-mode - 0.3+
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ADVANCE FIBERS:

CQwverall terms:

Photonic Crystal
Fibre (PCF)

Microstructured
Fibre (MSF)

Microstructured
Optical Fibre
(MOF)

VARIOUS TYPES OF HOLEY FIBERS AND THEIR SUBE

Holey libers or Photonic crystal fibers (PCFs) can have very low eflective
refractive index, and can propagate light much faster than in SMFs. For
example, hollow core fiber (HCF) may provide up to 31% reduced latency
relative to traditional fiber optics. But there is a problem that attenuation
in HCF fibers is much higher compared to already implemented standard
single mode fibers (for SMF attenuation = 0.2 dB/km but for HCF
attenuation = 3.3 dB/km at 1550 nm). However, it is reported even 1.2
dB/km attenuation obtained in hollow-core photonic crystal fiber. The
theoretical predicted loss 1s only 0.001 dB/km

Latency Decrease

SUBCLASSES

Main classes:
High-Index Core §

Index-Guiding S
Mo de

Holey . Area
Hole-assisted [l Hrgh!‘-"
— MNonlinear

[ Photonic Band
Gap (PBG)
Bandgap Guiding |

CATEGORIES.

Figure 17.7




Serdes is Serializer / Deserializer (Similar to uArt but much faster)
Parallel to Series / Series to Parallel Converter Chip

H|gher data rates use pulse-amplitude modulation with 2 bits per —i.e., PAM4 -
4 signal levels replocmg the 1 bit per Ul NRZ signaling used previously. The PAM definition
essed, with difficult fradeoffs between:

“m projects — — —;m.“ _G-ﬂﬂ T

2011-2014 2014-2018 2018-2022 2022-2024

100G S0/100/200G 100/200/400G 200/300/800/ 16006

3.27T 12.57 25T/507 S0T/100T '
25Gbps S6Gbps 112Gbps 224Gbps /
NRZ PANK PAM4 T80

25dB at 12.5GHz 30dB at 14GHz 28d8 at 28GHz T8D

Sm copper cable 3Im copper cable 2m copper cable 1m copper cable

1e-15 1e-4 le-4 T8D

Analog Analog/DSP Analog/DSP T8D




