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Erbium Doped Fibre Amplifier (EDFA)
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OADM J,f fus

s Simple OADM structure

= QDU demultiplexes all wavelengths and drops off wavelengths as required
» MU multiplexes added wavelengths as well as those that pass through
+ Disadvantages:

= Lnnecessary demultiplexing and multiplexing of pass-through wavelengths
» Typical number of drop channels is limited to 25-50% of total payload

Pass-through Added Wavelengths
a55-

wavelength
,ﬂf’f Wanelendins *** -:'“‘-ah_‘
— =3 2! .
DWDMin | S % DWDM ot
“‘“‘a.__ﬂ -'L,x‘“"
YTY ODU: Optical Demultiplex Unit
Dropped Wavelenaths OMU: Optical Multiplex Unit
Melec.ir
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Optical Cross-Connect (OXC)

+ Reconfigurable GADM, allows change to the added and dropped wavelengths

+ Large number of DWDM wavelengths possible means a large number of ports

+ Needs to be remotely configurable, intelligent

= Should be non-blocking, any combination of dropped/added possible

+ In addition, insertion loss, physical size, polanzation effects, and switching times are

critical considerations.

Incoming DWDM signal

Dropped JF T

Wavelength
Fibre Ports

OXC

e

Outgoing DWDM signal

_a_

Added
Wavelength
Fibre Ports
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Optical Cross-connect System

/

Transponders

Melec.ir
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DXC/ADM

Future Challenge :
Wavelength Conversion is not mandatory
but useful for more flexibility.
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» Decibels allows us to relate the power at two points, for example:
» At the input and output of a complete link
» Over a span of fibre
» ACross a connector

Pin —» Fibre or other component —=  Pout

Pout

Attenuation in dB = -10 Log ‘O(W)

* By convention the attenuation in a fibre or other optical component is
specified as a positive figure
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e For the fibre span shown the input power is 2 mW , while the output
power is 250 pW. What is the total attenuation over the fibre span?

« [f the fibre span length is 38 km what is the fibre attenuation per km

(db/km)

2mW —» Fibre

Attenuationin dB = -10 Log ., <—F;O"l]n)

S 250 W
Attenuation indB = -10 Log 10(20 m;lvlv )

Attenuation indB = -10 Log (0.125) = 9.03dB

— 250 uW

or  0.24 dB/km
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e [t is very useful to be able to specify in dB an absolute power in watts or
mW.

e To do this the power Pzin the dB formula is fixed at some agreed reference
value, so the dB value always relates to this reference power level.

» Allows for the easy calculation of power at any point in a system

- Where the reference power is 1 mW the power in an optical signal with a power level P
IS given in dBm as:

Power in dBm =10 Log_ [P/1mW]

Where the reference power is 1 W the power in an optical signal with a power
level P is given in dBu as:

Power in dBu = 10 Logm[PMuW]
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Power (watts)

Power (dBm)

1TW

+30 dBm

100 mW

+20 dBm

10 mW

+10 dBm

5mW

+7 dBm

2 mW

+3 dBm

T mW

0 dBm

500 uW

-3 dBm

200 uW

-7 dBm

100 uW

-10 dBm

50 uW

-13 dBm

10 uW

-20 dBm

5 uW

-23 dBm

1 uW

-30 dBm

500 nW

-33 dBm

100 nW

-40 dBm
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Transmitter Laser | —» 2.3 m\W

. -
Power in dBm ower)

10 Log 1o<1 mW

2.3 mW
10 Log 10( 1T mW )

10 Log 1§32.3) = +3.61 dBm

Power in dBm

Power in dBm

Melec.ir
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e dB and dBm can be combined in the same calculation
e As shown a fibre span ( including splices etc.) has a total attenuation of 13 dB.

e |f the transmitter output power is +2 dBm what is the receiver input power in dBm?

+2 dBm 2 dBm

Transmitter |— [  Fibre span: attenuation 13 dB B

Receiver input in dBm = Transmitter output power - Total fibre span attenuation

Receiver inputindBm = +2dBm-13dB

Receiver input in dBm = -11 dBm
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Mutimode fibre Multimode fibre Singlemode
625125 501125 fibre 81125

125 microns
cladding
dlameter

625 micron 50 micron core 8 micron core
core diameter diameter diameter
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G209
Optical Fibre

Light ray trapped In
the core of the fibre
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Critical Angle
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Medium 2

- Y AN ¢2 < 90 (bg‘

[?l;‘é[}ﬁ:j‘ Refractive $2 = 90 deg. Refractive 92 > 90 deg.

% '_\." Index n2 ] - Index n2 ™
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Numerical Aperture (NA)
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1st window 2nd window
circa 850 nm circa 1320 nm

Sl

Scattering Wavelength in Pangrpetels

0.1 1T 1T 1T T T T 1

Loss only '
600 700 800 900 1000 1100 1200 1300 1400 1500 1600
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P L Pr

# Attenuation has dropped from 20dB/Km (1973) to 0.2 dB/Km (1993)

» Units of attenuation are dB/Km

¢ Simple formula relates received power Pr and transmitted power Pt
-AL

Pr = Pt10 19 L is fibre span in km

A is attenuation in dB/km

A :is recommended as 0.275dB/km from ITU-T (splicing and redundancy to be considered).

Example:
Ps=5dBm, Pr=-17dBm, L=80 Km
Ps=5dBm, Pr= -28dBm, L=120 Km
Melec.ir
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e Absorption Loss:

Caused by the fibre itself or by impurities in the
fibre, such as water and metals.

e Scattering Loss:

Intrinsic loss mechanism caused by the interaction
of photons with the glass itself.

e Bending loss:

Loss induced by physical stress on the fibre.
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Muttimode fibre Multimode fibre Singlemode
625125 50125 fibre 8/125

125 microns

claddng
diameter

62.5 micron 5 micron core 8 micron core
core diameter diameter diameter




Numerical Aperture (NA)
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Dispersion

[ o Pulse Intersymboll [ Degrades ‘
Dispersion .
spreading Interference

Example

Optical Fibre

Yo

Data at fibre output

Pulse spreading makes it

more difficult to distinguish
llOll

Data at fibre input




L ools Jlw,l &, ¢ Dispersion

Fibre output with no Dispersion Fibre output with Dispersion
1 0 1 1 0 1
Bit interval "T" Longer bit interval

Dbl ks Wb bit O Sl alols wil yiws Dispersion as » -
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Dispersion glsil

Modal Dispersion (MM)

Chromatic Dispersion (MM-SM)

Polarization Mode Dispersion (PMD) (SM)




Modal Dispersion
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Modal Dispersion
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Modal Dispersion  _gals

Reduce the difference between the propagation
velocities of different modes

Y

Graded index fibre design

Reduce the number of modes to one

'

Singlemode fibre design




Material Dispersion z.sg

In an optical fibre the propagation velocity varies with wavelength. Thus a pulse
made up of many wavelengths will be spread out in time as it propagates

Cladding 55

“n g
Core \ \W

)

Al
‘D‘ Simple two
_ﬂh: wavelength example

—1—_
=0

Net Pulse

Net Pulse
Width at ﬂ _ Width is
fibre input Melec.it  anprox T2-Th




Finding the Total Chromatic Dispersion

Total Chromatic Dispersion = D¢ x G;, x L

Where:
D). 15 the dispersion coefficent for the fibre (psim.km)

G, IS transmitter source spectral width (nm)
. LIsthe fotal fiore span (km)




Dispersion compensation

— Optical receivers can tolerate a certain amount of accumulated
chromatic dispersion (for example: 12800 ps/nm at 2.5 Gb/s)

— |f such amount is exceeded, chromatic dispersion compensation
must be performed

DSPJQJLMJ:’I@ ol S J0 Wk slpaiiiw O U Cawl 595 08 AT ] (IO 4L/
] Bl s yi0 e U [0 Fe o 45 ailS o0 eolaiw] e ol
DCM (dispersion compensating module)
fiber span 0

Accumulated
Dispersion
[ps/nm]




Polarization Mode Dispersion—PMD

Fast in propagation

) l.

l\\:%llipse fiber core H\\

N N\

Fiber profile

N

Slow in propagation

R e St

Delay time /

» Polarization mode dispersion (PMD})

* Polarization mode dispersion coefficient:

psfkmﬂz

1 Detector
"l power

.

Signal response




(G.69)ITU-Ts uiticat ol 33 PMD Joib il sguio
.0)‘0 W.o 4@‘) alols )A.? b PMD .
ol yioghsS 3z PS T 65eS o3l asly *

Bit rate Maximum PMD  PMD coefficient for 400
10% Thit km Imk (pslkmm)

STM-16

STM-64

STM-256

2.5 Gbhits/s 40 ps <2

10 Ghits/s 10 ps <05

40 Ghits/s 2.5ps




PMD Limited Distance

Bit PMD Distance (km) Distance (km) Distance (km)
Rate | Tolerance (@0.5ps/km12) (@0.2ps/km?2) (@0.08ps/km'?)
(Gb/s) | (PS)

2.5 40 6400 40000 250000
10 10 400 2500 15625
40 2.5 25 156.25 976

Normally, PMD coefficient of latest fiber < 0.2PS/km2
or < 0.08ps/km'? (for some best fiber), PMD limited distance >2500km (for 10Gb/s).

« Two formulas:
PMD,,..(ps) = PMDg,.. (ps.Vkm) x YLink(km)
PMD,,,, = (PMD,2+ PMD,2 + PMD,2 + ..)!2
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The characteristics of a multimode graded index optical

fibre cable were specified in Recommendation ITU-T G.651,
originally published in 1984

Recommendation ITU-T G.651 covered the geometrical and
transmissive properties of multimode fibres having a 50 ym
nominal core diameter and a 125 pm nominal cladding
diameter.

Single-mode fibres, which became available shortly after the
publication of ITU-T G.651, have almost completely replaced
multimode fibres in the publicly switched networks.
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o3l 1) Z90 Job odgume 5
0.36 dB/km 1 eSSl

3.5 ps/(nm.km) :;I x5 Dispersion
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0.25 dB/km 1 eSSl
18 ps/(nm.km)  :Dispersion
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\ Dispersion flatlencd

Dispersion shilled




ITU-T G.654 aogi  wll o ogo ST pud

One of The main features of the fibre described by
Recommendation ITU-T G.654 is its lower attenuation
coefficient at 1550 nm compared to other single-mode optical
fibres.

The lowest values of attenuation coefficient depend on
fabrication process, fibre composition and design, and cable
design.

Values of 0.15 to 0.19 dB/km in the 1550 nm region have
been achieved.

These features are suitable for long-haul transmission (Such
as Submarine) in the 1530-1625 nm region.
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The characteristics of a fibre and cable with non-zero dispersion for
wideband optical transport are specified in Recommendation ITU-
T G.656.

In the current development of lightwave systems, one direction of

evolution Is towards increasing the capacity transmitted on an optical
fibre.

One of the solutions is by deploying the optical channels not only In
the C-band, but also in the short wavelength S-band (1460-1530 nm)
and in the long wavelength L-band (1565-1625 nm).

This type of fibre can be utilized for both CWDM and DWDM
systems throughout the wide wavelength region between 1460 and
1625 nm.
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Recommendation ITU-T G.657 describes
single-mode optical fibre cable that are
suitable for use in the access networks.
iIncluding inside buildings at the end of these
networks.

These fibres are suitable to be used in the O,
E, S, C and L-band, i.e. throughout the 1260 to
1625 nm range . The main improvement is
lower bending loss.
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Numerical Aperture (NA)
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Numerical Aperture (NA)
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Transmission distance = L

Tmax = Transmission time for extreme meridional ray

Twmin = Transmission time for axial ray

Delay difference 6t = Trax = T
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Laser or LED

\

Coding Driver for Fibre
| & —»— Optical A —
Scambling Source
May include:
May include:

Temperature Control
Level Changing

Decoding & Recoding
Scrambling
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Direct modulation is: Output laser is controlled by input current

LD

Current | aser

JUL

Advantages: simple structure, low loss and low cost

Disadvantages: modulation chirp
transmission distance < 100km

transmission rate <2.5Gbit/s
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1550 nm i C band

R ;
SDH Electrical signal &
levels

1550 nm ___ < C band

SDH Electrical signal A
levels

e Transponders are frequently formed by two transceivers back-to-back
» S0 called Optical-Electrical-Optical (OEO) transponders

» Expensive solution at present

e True all-optical transponders without OEO needed
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Arrayed-Waveguide Grating (AWG)

Arrayed
Waveguides

Input
Waveguides

Waveguides




Coupler and Splitter

Lput] outputl
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Loupling length
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Multiplexer using Coupler

multiplexer E
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The role of an optical transmitter is to convert the electrical signal into optical form
and to launch the resulting optical signal into the optical fiber.

Electrical
Oriver Input
I : [r—— (ptical
output
Optical Channel |

2= Modulator =3

source coupler
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N RZ: Non Return to Zero
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Direct Modulation

Direct modulation is: Output laser is controlled by input current

LD

Current | aser

JUL

Advantages: simple structure, low loss and low cost

Disadvantages: modulation chirp
transmission distance <100km

transmission rate <2.5Gbit/s




feamas (CHIrp) o >

O 53510 il55 1 ) puilS 5 Syl

no chirp

il

negative chirp

positive chirp

Melec.ir




Mach-Zehnder : oyl g oIl 5,5 oY g0

Based on the electro-optic effect, that is the refractive index
change of certain materials (LINbO3) due to the applied
electric field.

Voltage=0 pyridulated Guide

Waves in Phase

Light Signal On

Input <\
Coupler

(S50-50 Split) Unmodulated Guide

R Y R . e dalaind O e

180° out of Phase

/ Waves Interfere
—— Signal off

Unmodulated Guide
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Direct Modulator M-Z ;55500
Max.dispersion 1200~4000 >12800
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Fabry-Perot (FP) Laser Structure

Totally Reflecti
Mlm:g ; Partially Reflecting

P-Type GaAs

Mirror
Light Qutput

Resonant Cavity
for Light

Junction h
N-Type AlGaAs l

Cathode
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When the graph of possible resonant wavelengths combines with the amplifying
characteristics of the device we get a pattern of possible modes.

1.480 1404 1497 1.5 1.50231.507 1.510
possible resonant wavelenghts, pm

Fabry-Perot lasers have
relatively wide spectral
width and not suitable
for:

- extended distances

- wavelength
multiplexing
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Gain
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Spectral Width
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Ciutput
Fowver

Possible Lasing Modes

- 5-8 nm -

Gain Spectrum
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A(pamn) = 22

E (eV)

Types of optical sources

e Fixed wavelength

e Multi-wavelength
Laser array
tunable laser

Material | Wavelength Range
A (jum)
InP 0.92
InAs 3.6
GaP 0.56
GaAs 0.87
AlAs 0.59
GalnP 0.64-0.68
AlGaAs 0.8-0.9
InGaAs 1.0-1.3
InGaAsP 0.9-1.7




Laser output
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Input pulses
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DFB & DBR lasers

Grating acts as a
wavelength selective
mirror.

narrow _ spectral
linewidth, typically 0.2
to 0.3 nm.

Distributed FeedBack (DFB)

p contact layei
p InP buffer layer
- InGaAsP waveguide layer

4 InGaAsP active layer

n InP buffer layer

n-InP substrate
n contact layer

Distributed Bragg Reflector (DBR)

p contact layel

p InP buffer layer—p
InGaAsP wavequide layer

InGaAsP active layer
n InP buffer layer

n-InP substrate —p-
n contact layer




Bragg wavelength

In DFB and DBR lasers, for wavelenghts close to the Bragg
wavelength the reflections from the individual parts of
grating are in phase and constructive interference occures.

\ | cladding layer .
optical field distribution

gunde layer

Ay =21, A\
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Sampled Grating-DBR (SG-DBR)
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— Positive Intrinsic Negative (PIN) : Simple, Low Voltage
Operation, No inherent Gain, Larger Bandwidth, Low Noise,
Low Dark Current, Low Cost, Low Sensitivity

— Avalanche Photo Diode (APD) : More Complex, High
Operating Wavelength, Significant Gain, Lower Bandwidth, More
Sensitivity, High Noise, High Dark Current, More Sensitivity to
Temperature, High Operating Voltage, More Expensive

Types Spectrum Overload Optical
response Power Sensitivity

PIN 1100~1600nm 0dBm -20dBm

APD 1000~1600nm -9dBm -28dBm

ol PIN g 00css Cugdi § oS 5 APD &G 0,5 joai oylg5 o0 ®
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Silicon

Germanium

nGaAs

Wavelength Range,nm

300-1,100

500-1,800

1000-1,700

Peak Response, nm

800

1,950

1,700

Pk Responsivity, A/W

0.5

0.7

0.9

Dark Current, nA

1

200

10

Typical risetime, ps

500

100

300

/
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Table 4.1 Characteristics of common p—i—n photodiodes

Parameter

Symbaol

Unit

Si

Ge

INnGaAs

Wavelength
Responsivity

A
R

Quantum efhiciency n

Dark current
Rise time
Bandwidth
Bias voltage

i o

T,
Af
Vi

Hm
AW
27
nA
ns
GHz

vV

0.4—1.1
0.4-0.6
75—90
1—-10
0.5—1
0.3-0.6
S50—-100

0.8-1.8
0.5-0.7
SO-55
50-500
0.1-0.5
0.5-3
6—10

1.0—-1.7
0.6-0.9
60—70
1-20
0.02—-0.5
1—10
5—-6

Table 4.2

Characteristics of commmon APDs

Parameter

Syvmbol

Unit Si

Ge

InGaAs

Wavelength

Responsivity

APD gain
Kk-factor
ark current
Rise time
andwidth
Bias voltage

Lm
AW

0.4—1.1
S0—130

1 0OO0—3500
0.02-0.05
O 1—1
0.1-2
0.2—1

200—-250

0.8—1.8
3—30
S0—-200
0.7—1.0
S0O-500
0.5—0.8
0.4-0.7
20—40

1.0—1.7
5—-20
10—0
0.5—-0.7
1-5

0. 1—-0.5
1—10
2030




Rise Time- Dark Current
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= R0 can be expressed as: R ne
°  hf
hence: ji;: — R_ Popr (pin diode) Ip —MR_ Popr (APD)

fy Is the photodiode current
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reverse biaged pn junction

p: type Window Layer

Depletion Region

- n: tvpe Substrate
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» Absorption of photons In & photodiode with & suitable bandgap energy causes an
electron to move from the valence band to the conduction band.

» Absorption most [ikely in or near the depletion region.

» (senerated carmers are swept out of the device to form an current In an extemal
cIrcut.

=2

=1

FPhoton absorption o create a
hole-elecitrom pailir




PIN Photodiodes

™ E field

Depletion region

Absorption region

I




PIN diodes

consists of an intrinsic (lightly doped) region
sandwiched between a p-type and an n-type.

e L

3p7t

Flectrode




+ Provides intemal gain, so that one photon can produce many hole-electron pairs. Gains as high
as 10 possible.

» High field region is created within the device, in addition to a depletion / absorption region.

* |n the high field region hole-electron pairs create new hole-electron pairs by impact ionization,
leading to avalanche gain.

¢ Reverse bias of about 30-200 volts required. Older devices tend to need higher bias voltages for
a given gain.




Gain and Reverse Voltage in an APD

e Gain is measured with respect to the

number of hole-electron pairs
created at low voltages, were no gain

takes place.

¢ Beyond the breakdown voltage the
avalanche becomes self-sustaining.

¢ Achieving a high gain means
operating close to the breakdown
voltage.

¢ Damage to the device may result if
the breakdown voltage is exceeded.

Gan

1000‘

-
0 60 120 v

Gain versus reverse bias voltage for an
Avalanche Photodiode




APD Gain

e Gain is the multiplication of the primary photon current.

e The gain is defined as the ratio of the output current at an operating
voltage to the current at a low voltage.

» Symbol is normally M, defined by:

» Vdis the applied voltage, Viris the
breakdown voltage

» X 1S the gain coefficient which can
be measured experimentally

» Value of x for a typical InNGaAs APD
s34

e Gain-voltage characteristic is temperature dependent.

# Generally breakdown voltage decreases with temperature, since
charge carriers combine more readily at high temperatures,
reducing probability of secondary carriers
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e Booster/Post/Power Amplifier: BA
e In-Line Amplifier: ILA
e Pre-Amplifier: PA
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Semiconductor Optical Amplifiers (SOA)
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Terminal

Weak optical input £ —" : . Amplified optical output

Terminal




Principle of Semiconductor Optical Amplifiers
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Erbium Doped Fibre Amplifier (EDFA)

WDM Coupler jleslicuwl b 53955 JUSamw 41 oy ylgins (5599 JUSamw &G -
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Longer-wavelength
source (1480 nm) «.

Stimulated emission

Short-wavelength 15620-1570 nm

source (980 nm)

Erbium atoms at low energy level
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HOW AN ERBIUM AMPLIFIER WORKS
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Pump Light 1 . Weak Strong
g § f Input Light Output Light

\ ‘ Energy-Depleted
/7. /Y Pump Light

Signal ,' _—
Input ——» e Signal Qutput

Melec.ir

\Erbium-Doped Fiber
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Pump laser

WDM Fibre coupler

Erbium doped
fibre loop
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WSC filter WSC
M| X X | b
980-nm ’ | 980-nm "
pump diode pump diode
ASE - Amplified spontaneous emission Bulkhead FCUAPC connector
EDF - Erbium-doped fiber
WSC - Wavelength-selective coupler —¢——  Fusion splice
— —™ [— Optical isolator

Pump/signal combiners — reflective
for signal, transmissive for pumps
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GEF and LDR
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L-band

* 1420 pump ¥ Q20 pump Il Grating . DCF .—Circulamr

DCE — Dispersion-compe=nsating =lement
DCF — Dispersion-compeaensating fiber grating
DMUX — Demultiplexer

EDF — Erbium-doped fiber

GEF — Gain squalization filter

LDR — Large dynamic rang<

MUX — Multi plexer

WDM — Wavelength division multiplexer

(=) Split-band amplifier schamatic

C-band L-band
y 4 . ~— = i
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—— i
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Total 2dEB bandwidth — 24.2 nm

Moise figure < &5 dBR
Cutput power = 245 dBm

1550 1575 1600
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(D) Split-band amplifier gain spscoaum
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Gain

Gain Flattening of EDFA

1525nm-1565nm

non-aluminum-doped EDFA

Gain

1525nm-1565nm
aluminum-doped EDFA

P

Wavelength

Wavelength
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Typical Gain Matching Performance

Inline Dicon gain flattening
filter spectral response
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Inline Dicon gain flattening filter Wavelength (nm)

e Target Gain Shape
—— Filter Performance
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Ranges of Amplification

PDFA
0,4 1300 nm

~ S —
£ EDFA
,{E 0’3 Cmand__l - |
m 16301562
T
g 02 o
) ALTERNATIVE AMPLIFIER TECHNLQGIES: RAMAN AND{SOA
= 0,1 < i

0

1200 1300 1400 1500 1600

Wavelength (nm)




PDFA

In Praseodymium-doped fluoride fiber
amplifiers (PDFFA or PDFA) when Pr3+
ions excited, have an energy transition in
the 1.3 um spectral range making them
suitable as optical amplifiers in the
region 1280 to 1340 nm.

PDFA characteristics

e Working around 1310 nm window (1280-1330 nm)
e Pumping at 1020 nm
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Sy b b
Light Source i i
- SHIRREeE LN Long pass filters transmit
§' ) J wavelengths above a
wavelength

>520 nm
Light

Light Source Transmitted Light

j ) J Short pass filters transmit

wavelengths below a wavelength

<575 nm
Light
Band pass filters

_ . transmit wavelengths
White Light Source Transmitted Light in a narrow range

3 around a specified

. wavelength
Melec.ir 620 -640 nm
Light




Optical MUX-DEMUX
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Optical Add/Drop Filters (OADMs)

OADM

L Station
Y -« BNl \ y

Channel

EE——
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(Composite Power) s yo w48

0dBm —
0dBm ——
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0dB - Insertion
i Loss » 4dBm
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0dBm —

P.

composite = Pehannel + 1010gN — Insertion loss (where N is the number of channels)

=0+ [0log8 -5 dB=0+9 -5 dB=4dBm
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e Diffraction Grating: DG
e Fiber Bragg Grating: FBG
e Arrayed Waveguide Grating: AWG

e Thin Film Filters: TFF




Diffraction Grating

: : A n is the number of Grooves in mm k order of Grating
sino.+sin =107 knA R,

Filbbher




Diffraction Gratings

Fibers al the B
focal points 3




Fiber Bragg Grating(FBG)
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MZI with FBG OADM
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OADM with FBG and Circulator

circulator l l ' circulator
.

FBG

:  Optical Optical
: circulator circulator

(.
FBG

Az 2'Braggzx'z




Arrayed-Waveguide Grating (AWG)
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Basic Mach-Zehnder Interferometer
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Waveguides

Cladding Layer/Sio2(Silica)

Thickness

Width Buffer Layer/ SiO2 (silica)




Time and Frequency Response of AWG
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FSR: Free Spectral Range

FSR=32_8nm=4100GHz
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Thin Film Filter (De)Multiplexer

Single Cavity Bandpass Filter

- 1/4 Wave High Index Layer

1/4 Wave Low Index Layer

1/2 Wave Spacer Layer

GRIH lens
-~ thin il filt
K S Wl m er

Channel 1
P Destination

Channel 2
A2 Destination

Channel 3
P Destination
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Dispersion

[ e Pulse Intersymbol‘ l Degrades |
Dispersion .
spreading Interference

Example

101 10 1
Optical Fibre

Fo

Data at fibre output

Pulse spreading makes it

more difficult to distinguish
IIOH

Data at fibre input




L ools Jlw,l &, g Dispersion

Fibre output with no Dispersion Fibre output with Dispersion
1 0 1 1 0 1
-t | t it ——— | 4
Bit interval "T" Longer bit interval
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Dispersion gl

Modal Dispersion (MM)

Chromatic Dispersion (MM-SM)

Polarization Mode Dispersion (PMD) (SM)




Modal Dispersion
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Modal Dispersion  als

Reduce the difference between the propagation
velocities of different modes

1

Graded index fibre design

Reduce the number of modes to one

'

Singlemode fibre design




Material Dispersion z.ses

In an optical fibre the propagation velocity varies with wavelength. Thus a pulse
made up of many wavelengths will be spread out in time as it propagates

Cladding 55

G Core \
Al+A2 5 5

Al Al
J]‘ Simple two ﬂ
N@ wavelength example ,ﬂ’“
e e
t=0 T T2

Net Pulse

Net Pulse
Width at ﬂ Width is } |
fibre input

approx Tz-Th




Finding the Total Chromatic Dispersion

Total Chromatic Dispersion =Dy x G; x L

Where:
D15 the dispersion coefficent for the fibre (ps/nm.km|

g;. 15 transmitter source spectral width (nm)
. Listhe fotal fibre span (km)




Dispersion compensation

— Optical receivers can tolerate a certain amount of accumulated
chromatic dispersion (for example: 12800 ps/nm at 2.5 Gb/s)

— |f such amount is exceeded, chromatic dispersion compensation
must be performed

DSP sl j)se i/ b ot S 10 s clpeaiivew 30 45 Cowl (615 i 45T ol 53 4l
] Bl s 12 Fo U i e ford &5 w0 oolaiw] oyl o/
DCM (dispersion compensating module)
fiber span 0

Accumulated
Dispersion
[ps/nm]




Polarization Mode Dispersion—PMD

/ Fast in propagation

ﬂ \\ | \| ;"; \ /N

Illl\k\;lbéuipse fiber core lk\ | \ h N |

Fiber profile \ _ _
Slow in propagation

e

\ Delay time /

» Polarization mode dispersion (PMD)

» Polarization mode dispersion coefficient: ps/km??

1 Detector

Signal response

1 power

=
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Bit rate Maximum PMD PMD coefficient for 400

km link (ps/km'?)
STM-16 | 2.5 Ghits/s 40 ps .
STM-64 | 10 Ghits/s 10 ps <05

STM-256 | 40 Ghits/s 2.5ps <0.125




ITU-T G.652 wiogi wlul p Jgoro 390 STy

yogili 1¥)e Zg0 Job s3guo yo ¢
0.36 dB/km 51 e olals

3.5 ps/(nm.km) :;! s Dispersion

ol 100+ Zg0 Job 03gumo 50 ¢
0.25 dB/km 1 e ol
18 ps/(nm.km)  :Dispersion




ITU-T G.693 oy wlu!l p DS 840 K& s

ty0gsB VOO Z g0 Job 00guo jo °
0.25 dB/km 31 S lals
3.5 ps/(hm.km)  :Dispersion

Sl o0 0315 S WAL 9 yioS auU 4y Dispersion yio zgo Job dlgo puii b °
ar

Dispersion 10 1.3 xm optimized

asam™' km™)

\ Dispersian flatience

Cesoersion shilled




ITU-T G.635 oy wlul p NZ-DS 540 S5 8

L y0gdB YAFD G YAYY yo Z 90 Job 00guxo j0 °
0.25 dB/km 3l e eolals
0.1 ps/(nm.km) ;31 s Dispersion

6 ps/(nm.km) :;l zs Dispersion




Dispersion Penalty

Dispersion
present

No dispersion

Dispersion
penalty

e
R
e
-
=TT
-
-
St
——
.%"
4
—
'ﬂ."
- j
——

-36 -34 -32 -30 -28B

Received power
level iIn dBEBm




WINPT K YVRE TRes)
O g5 sl 9 0uiiiw 18 Oyu8 J8lus oo OIS
25 0 55 gl gl

Fower Budget (dB)
- -

TRANSMITTER| || = RECEIVER

Fibre, connectors and splices /




Power Margin

¢ Power margins are included for a number of reasons:
» To allow for ageing of sources and other components.
» To cater for extra splices, when cable repair is carried out.
» To allow for extra fibre, if rerouting is needed in the future.

» To allow for upgrades in the bit rate or advances in multiplexing.

» Remember that the typical operating lifetime of a communications
transmission system may be as high as 20 to 30 years.

# No fixed rules exist, but a minimum for the power margin would be 2
dB, while values rarely exceed 8-10 dB. (depends on system)
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Power budget calculation including power penalty used to calculate power mardin

System: 70 km span, 0.8 km between splices
Transmitter o/p power (dBm)

Number of Connectors In most systems only tw
Connector loss per connector (dB) ! connectors are used, one at the

Total connector loss (dB) transmitter and one the recejver

Fibre span (km) terminal.

Fibre loss (dB/Km)
Total fibre loss (dB)

Splice interval (Km) Fibre is normally only available in
Number of splices fixed lengths up to 2 km long, so

Splice loss per splice (dB)

Total splice loss (dB) fusion splices are required, to join

lengths.

AASFCRIT PRI, SES TR () In buildings fibre lengths will be

Receiver sensitivity (dBm) much shorter

Power margin (dB) : Answer







* * *

Claw!l Jol> 6490 sd L Wb S| 0>
b o e Se Cd b

o ol yiogili o F LU alols LDWDM s S a5 ,8 -V
el s 3905 LJULS Slass

wil 0 40Gbh/s UL o sl osld Jlw,l #p vws 8 -Y

! 900X40Gh/S=36 THIS ol o5 yrd o Candybs el 9 L




FEdl Cawd pud Cud b ST 0o @ lgh (o0 43985

Yoor a5 SO0y UL Slows b 0 i yLuws DWDM .
yios L A0GD/S v jo JUIS ,2 40 yiios g B odls Jluyl &5 .

w2l o2 YU (yLasbl 1 9 598 oy JLu )l (Bl (Sma b Lesul 2 ogdle

il

ot sl Wb g ouilS Cysi 0

F0gib 1Y BITFe acwg il o o5 Olls L gl> 08

syt sl (SS9 xSl gl




Multiplexing ¢l Soss

JUil oo bl g3 1y 1 ple a8l S les 1,5 o
W‘Sn).x.os.wu.ﬁ)éw@

cost per bit per kilometre

L..A.f.uu.l Qjmsomwwwddﬁbsbﬁjb'
o> 3 o w8 ail gLy @ OledMbl Jlw,l 74
“bls/Hz

L_g)a.u_ﬂ).tbm).b GS.«JB).«S.”‘SJ')JL‘?LQLQLQ.MMMLM *
Ty Job ploj eigm duw j0 Stosdy (b o2
Gl planil BB Ll 31 oS 37 b 05 g ((uilsy8)




Multiplexin

IUSaw o5 by 4y I yidin JUU Sy (59 52 JUSow (i Jo)l sl (o) iy Snsdy Lo
D5 S8l pb 3l duade jo 1y LSl ylei ,55'3.!5{_31 oolwl a8 ailbl aills Wglaie Gfpgd.*(_}ﬂm

ninputs —] MUY | ink, n channels

DEMUXF—n outputs




Optical Code Division Multiplexing (OCDM)
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OCDM Code Generation
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Orthogonal Coding
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Data Data
sSource recovery
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Time Division Multiplexing (TDM)
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TDM Time Slots
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SDH
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2016 155.52 Mb/s STM-1/ OC-3
8064 622.28 Mb/s STM-4/ OC-12
32256 2.488 Gb/s STM-16/ OC-48
129024 9.953 Gb/s STM-64/ 0C-192
916096 39.908 Gb/s STM-256/ OC-768
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Columns 1109 10
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Wavelength Division Multiplexing(WDM)
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Wavelength as a Tool for Routing and Switching
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DWDM Reduces the Cost of Networking

After the use of WDM




Channel consists of a band centred on one of the

optical frequencies known as the channel centre

ijl_fﬁvg!erd?gth which is a wavelength that is selected from
rid.

ITU "grid” : 100GHz spacing from a reference frequency
of 193.1THz equivalent to 1552.52nm

Channel spacing: the OFtlcal frequency difference
between adjacent wavelengths

The maximum number of WDM channels: dividing the
available bandwidth by the channel spacing

By improving laser sources and reducing nonlinear
effects in optical fibres it Is possible to reduce the
channel spacing
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Band Descriptor Range [nm]

O-band Oniginal 1260 to 1360
E-band Extended 1360 to 1460
S-band Short wavelength 1460 to 1530
C-band Conventional 1530 to 1565

L-band Long wavelength 1565 to 1625

U-band Ultra-long wavelength 1625 to 1675

M

| [

| I I I I I I I
Mnm)1280 1320 1360 1400 1440 1480 1520 1560 1600 1640 A(nm)
DWDM WINDOW
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DWDM Wavelengths: ITU-T G.694.1

central frequencies({(wavelengths) for 100 GHz spacing
J. =193 1+ mx0.17TH=z
A, =1552.52nm + m < 0.8nm

central frequencies(wavelengths) for 50 GHz spacing

f. =193 .1+ mx0.05THz
A =1552.532nm t mx 0dnm

Channel Spacing(GHz): 400, 200, 100, 50, 25, 12.5

Channel Number:4, 8, 16, 32, 64, 128, 256, 512




Nominal Frequencies Allocation Plan for the C-Band: Long
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Nominal Frequencies Allocation Plan for the C-Band: Short
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CWDM: Coarse WDM

ecoarse channel spacing of 20nm in the
wavelength range from 1271nm up to
1611nm.

eLasers with lower wavelength accuracy
(£6.5nm compared to +0.16nm)

e broadband filters
e ower complexity and cost
eSuitable for short distances




CWDM Wavelengths: ITU-G.694.2

CWOM - Coarse WOM Technology forun-amplfied moderate bandicth apolicains. Love cos

than DWDN. loeal for Metro Access applications. Charactenzed by a wide channel spacing over a wide
optical spectrum - [TU-T G.6%.2 CWOM grid uses 18 x 20 nm spaced channels from 1210 - 1610 nm
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WDM Network Element (NE) Types
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Erbium Doped Fibre Amplifier (EDFA)
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OADM 5! fus

* Simple OADM structure

» ODU demultiplexes all wavelengths and drops off wavelengths as required

» OMU multiplexes added wavelengths as well as those
¢ Disadvantages:

that pass through

» Unnecessary demultiplexing and multiplexing of pass-through wavelengths
» Typical number of drop channels is limited to 25-50% of total payload

Added Wavelengths

Pass-through

wavelengths V V f g\

-
DWDM out

e
=
O

V
YY* ODU: Optical Demultiplex Unit
Dropped Wavelenaths OMU: Optical Multiplex Unit
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Optical Cross-Connect (OXC

+ Reconfigurable OADM, allows change to the added and dropped wavelengths
+ Large number of DWDM wavelengths possible means a large number of ports
+ Needs to be remotely configurable, intelligent

« Should be non-blocking, any combination of dropped/added possible

« In addition, insertion loss, physical size, polarization effects, and switching times are
critical considerations.

Incoming DWDM signal Outgoing DWDM signal

_Q_

Dropped ! k { Added
Wavelength Wavelength

Fibre Ports Fibre Ports




Optical Cross-connect System
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Future Challenge :

WDM Transmission Equipment

Wavelength Conversion is not mandatory

but useful for more flexibility.




o ey g SBlbey

05Salis sl golo —5,9 @lbls,l sls Sy 239




EDFA (5 il 31500 1l S

el (gl az g B Ol add (110 g Cannd S ST S b -
O P PR 2Sg NS 0 ek pw Sly 00l ol i (SO

égna
30T

EDFA gain
20+ spectrum

Gain
(dB)

0 ; I I ! I
1520 1530 1540 1550 1560

Wavelength (nm)




WDM (5, EDFA .5 b 3515550 i1

A Sy a8 g1yl LILE pleie JT ows! DWDM LS &G o -
S o0 00els GAIN Tilt (£ g690 (1 45 Cunl Wiglie LU & ya8 Jos 53 Lol -
13l add )l Gain Tilt olx! Jolge -

b culiwy® 2945 O a9 09 sl

b oaiis sl o

b sullS Coglli (oS b 519050 pus

il fsly (1S pus

So9 yd o WAl Oy




Gain

Gain Flattening of EDFA

» Utilizing heavily aluminum plus erbium-doped
optical fiber

- Gain Equalization Filter (GEF)

1525nm-1565nm
non-aluminum-doped EDFA

Gain

OA+GFF

1525nm-1565nm
aluminum-doped EDFA

N

Wavelength

Wavelength
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Typical Gain Matching Performance

Target Gain Shape
Filter Perfonrmancos
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Input to Amplifier
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Level
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Nolse Lavel
(dB)

Single Stage Amplijier and Noise Associated with Signal

Nolse
Level (dB)

v

v

Noise Accumulation Resulting from Multistage Amplification
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OSNR

OSNR = Channel power / Optical noise power
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OA3
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__ Channel power

rélative power (dB)
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OSNR(dB) =58dBm+Preampllifier Input Level (dBm)-10log(Nch)-Preamplifier Noise Figure (dB)
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FEC jlooliiwl b OSNR oz i3l
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FEC Technology

At transmitter end, some additional overheads bits or
bytes are inserted into the transmitting data, at
receiver end, bit error will be corrected through
additional bits or bytes.

OSNR>174B
A Digital Wrapper /

Out of Band
FEC OSNR>20dB

Out of Band
OSNR>23.5dB FEC OSNR>16dB

Without BeINN:EHLNIz OSNR>20dB
% |

10G: 2.5G:

Limitation of FEC:

1. FEC 1s mainly applied to solve random bit errors.

2. For a specific FEC technology, the higher the overhead 1s, the higher the
transmission cost 1s. RS Coding (255, 239)

Data
(any protocol)

Overhead
Forward Error
Correction
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Four Wave Mixing (FWM)

+Strong impact near the zero-dispersion wavelength (G.653 fiber)
*‘Number of new wavelengths are 2*(N*3-N*2), where N is the number of
original wavelengths. If these products fall on top of another channel they

can cause problems
FWM waves created via 3rd-order intermodulation process:
fFWM = fi +f] - fk

OCriginal DWDM channels.
evenly spaced

Original plus FWM
components

Because of even spacing
some FWHhN componaents
overlap DWDEM channels

b
M
—
2
= [
L -
fWd I
rin_l
o [
I'\_I i 1
Fd
tad Ka
-
*

—
—
t
Ty
=l
—
g%
W
I
%)
Ty,
'.u
)
—
Sy




21 ol ) FWM (155 oo 05 slevg ) b -
Gbwo pd Jolad b LU (6 05,10 )
Fep abl Ggliste ;00 JUB 795 ,2 alelB b JUS 55 ,» alold 51
bl Lol GLlUSomw b (wilS 18 o2 4 39 0i udsi s FWM
Oy £ goxo pdlS Y
s J219 )0 ge &)ul g gexe pals Y

o (NZ-DSF) 20 .2 Dispersion U ,.3 jleolael S50 yogy -
|y Cwl oo Dispersion a5 oLko>ge Job )0 FWM i
Wl oo iul38l 538 p2 ey 38h SUO Y yao 4 Dispersion d,

diwlgml GLILScw & ol adaw wilen a5 Cowl 39g0 gy Jlo p 4 -
35k ol oalhe LILS s @0 5l s 30dB Ji1us G,




3L yeo mbaw ULNZ-DSF o8 jl coliwl LFWM als

ool b 90 pelans o133l NZ-DSF slo o 5o FWM il sleal, 51 oSo-

bl (o0 P51 A pud did 35 50 30 (5590 )8 (JBe (00 ST (5)98 g 5o

bl ol ) gy98 wyd (B 4 Wigds (oo @ly (b oo yo b FWM g oz pué Ol )il
Dg 2298 e Blybl )0 ja8 (JB a5 998 (o0 Sl pud j0 0L g0 pelanw

Wb oo G FWM pl by g © )08 251 0o ass o -

*©®

Traditional NZ-DSF LEAF™ Fiber




DWDM s S 21y &l 513

Calculate Span loss, Add OA

Is the system loss limited?

No
w

Calculate NF of each span, OSNR of total system for the worst channel |

Yes .
Is the system OSNR limited? I Add 3R regenerator (Try to avoid)
[ No
Optimize OA placement and ensure OSNR quality I
Yes

Is the system dispersion limited?

Yes

'I Add DCU, Optimize their placement I

Is the system Nonlinearity limited? Optimize channel placement
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MUX & Booster

DWDM Link

>
Amplifier

PRE-Amply

< & DMUX

Amplifier

OCH

:

1 E E E

IR

OTS = Optical Transmission Section
OMS = Optical Multiplex Section
OCH = Optical Channel Section




APR: Automatic Power Reduction: G.664

West : : : ; : : East
multiplex E ; i i i i i ; multiplex
=LA —d /ﬁl — ' :
| BRI
- - ‘ . - . P
OMS
Y

In the case that a loss of contnuity happens at pomt A of Figure 1, the available LOS defect
mdicator at receiving mfterface R2 1s used to reduce the output power of the transmutting
mterface T2 which 1s the adjacent source 1 the oppostte direction. This 1s detected 1 the recerving
mterface R1 which. i 1ts turn, reduces the output power of the transmitting mterface T1. The




Transponder/Wavelength Adapter (WLA)

« Transponder converts the wavelength of the client optical
signal into the ITU-T specified DWDM wavelength through
Optical-Electrical-Optical conversion

TRANSPONDER

From Terminal o 5 optical source b S/ SR
Detector R4S and 4 ITU

Equipment - | : ‘modulator Y Wavelength

*Transponder performs frequency adaptation

3R: Reamplification

. Converts B&W signal coming from client into
Reshaping the WDM coloured one and vice versa.
Retlmlng *The transponders perform the 3R regeneration
of the signal.
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Fibre break




Attenuation (Insertion Loss) and Return Loss Definition

Fibre Joint

1

Insertion Loss in dB = -10 I_::}g1|:|< E: )

Fibre Joimmt

P1

P3

Returmn Loss in dB

10 toa, ()
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1. Fresnel Loss

End separation

Angular misalignment

Cross section mismatch

2. Fibre core misalignment <: Lateral misalignment
3. Fibre parameter mismatch ‘/\: N
Core Concentricity




Fresnel Loss at an Interface and in a Fibre Joint

Interface _between
Fresnel

reflection
Normally incident \
light ray - —

refractive index n, refractive index n,

Fraction of light reflected at _ (n,—ny)?
the interface I = (n_+ "b)l
a y

[ _(n, - 111))3_l
(nal - nb)lJ

Fresnel loss in dB at the interface = -10 logld Lomx | = -10 logld 1

Normally incident Fibre 1 Fibre 2
"ght ray - Pmccrmcrmnrrmenman .

Air gap

n, core refractive index ny refractive index of air

| . (n;—np)? ]
Total FresnellossindB=  -20 log c{l - -
1 (n, +n,)2]




nment Losses

Lateral
misalignment

Longitudinal
misalignment or

End separation

Angular
misalignment




End Separation Loss

Two mechanisms:
1. Fresnel Loss at both air-core interfaces

2. Spreading of the beam as it emerges from the core, causing power loss.

Longitudinal {
misalignment or 20 40
End separation End face separation (Jm)




Calculation of End Separation Loss

-

(= mg)? 1.25 -
Total Fresnel loss = -20 log 1- ;
10 (n,+n,)2

SN
Beam spreading loss = -10 |5¢ || x.(NV4)

10" 2d.n |

Where x is the separation, d is the core diameter
and n0 is the refractive index of air. For Fresnel
loss the log term is multiplied by 20, not 10, to
allow for two losses, one at each interface.

20 40 60 80 100
End face separation (m)

e For a typical silica fibre n1 = 1.48, Fresnel loss is about 0.33 dB for an air gap.

¢ Fresnel loss sets the ultimate lower limit on joints with an air gap.
¢ Notice that the beam spreading loss increases with the NA.




Lateral Misalignment

Lateral
misalignment

- Most problematic form of attenuation
- For a misalignment d, the attenuation in dB is:

2 4 6 8 10
Lateral misalignment (um)

Attenuation in dB = - 'IO-Iog[1 : (Qd/:a)]

The term d/a is called the relative lateral
displacement




Angular Misalignment

Angular
misalignment

S R R Insertion loss indB =

2 4 6 8 10
Angular misalignment (degrees) -10 log [1- (n0.ax)/(180.NA)]

where the angle a is in degrees




Parametric Loss

Cause

Calculation

Core
Diameters

fthe exit fiore core is smallr any
mismatch will cause loss

atienuation in dB=- 20 log [d2 /d1]
where d1is source fibre diameter and d2 is ext fibre
diameter. d2 < d1

Numerical
Aperture

ifthe exit flbre has a lower NA then
loss will occur

attenuation n dB =- 20 I NAT],
NAT i the NA of source fibre and NA2 is the NA of the ex
fibre and NA2 < NAT.

Core
Concentricity

Core Is not centred within the
cladding

Complex equation.
A core concentncity of 2 microns for a 50 micron core fiore
produces an aftenuation of 0.47 dB
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Cable Termination in Buildings

.
e = on = - = = -_—

T " o U

Cable 3

Connectors for patchcords to
transcevers or other fibres




Optical Connector Basics

« |Invariably used to connect fibre to terminal equipment, such as lasers
or photodiodes

« Each fibre cladding is located exactly within a precision ferrule, using
adhesive

« Joint is formed by precisely aligning both ferrules within an adaptor

Aignment sieeve -

Ferrule contaming fibre

ST type Optical

Connector







Types of Fibre Connector

SC-duplex type J



Connector Polish

» Air gapped connectors have a very poor return loss

¢ To lower attenuation and improve return loss "Physical Contact’ (PC) was
introduced

» Uses a slight convex shape to ferrule and fibre (typical radius 10-25 mm)

» Over the contact point spring loaded pressure compresses mated core areas
e Result is a much reduced air gap and a return loss better than -30 dB




Grades of Connector Polish

® Four grades of polish:
» PC (Physical Contact)
» SPC (Super PC)
» UPC (Ultra PC)
» APC (Angled PC)

e Order of development: PC, APC, SPC, UPC
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Fusion splice
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Fusion Splice Principles

» Cleaved fibre ends are fused permanently together using an electric arc
¢ During splicing fibres area held in V-grooves for alignment
* A variety of splicers have developed to cater for multimode and singlemode fibre

Electrodes

Fixed \ Movable
e \

— O
V-grooves for fibre
alignment

End-on view of
V-groove with fibre

h——-_-————-—————-—_l




Steps in the Splice Process

1: Initial Setting 3. Fusion
' Electrode ! Electrode
| | M |
Fibre | | 1 | Fibre Fibre | II\I'III]} | Fibre
. Electrode Motion . Electrode
2. Prefusion 4: Pull Test
Electrode ' Electrode
f
Fibre| | 1 | Fibre Fibre | [ | Fibre
L -
Electric Arc Electrode Motion . Electrode




Fusion splice

B
Fuse Time Too Long

Bad C|eave l ( Fuse Current Too Hot

Auto Feed Too High

e ) i Auto Feed Too Low

- Good Splice

Good Cleave

+
MFD, MFD;

Splice Loss (in dB) = 20 Log

1 [MFDl MFD, J

2




Fusion Splicers




Mechanical Splice

250 pm or 900 Cleaved end
um coated fibre Bare fibre
| |
Clamp to Precision tube or capillary to
CD?’[iﬂg ali@}pare fibres
1 ¢ I ——— 1 » 4
/\_/ ,'
‘
Clamp to
coating

Residual gap between fibres typically
filled with index matching gel

An optical matching material such as silicon gels between the
ends of the fibres can be used to reduce Fresnel reflections.
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Optical Power and Loss Testing
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Optical Power Meter Fundamentals
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Photodiode

e

=0l | @

/

Optical Fibre

7

Photodiode active
area Spot formed on detector

by light from fibre
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Optical Time Domain Reflectometer (OTDR)

alold I b &g Iy S S5 (5395 pud Sl wilgh o0 a5 ol (gl alowg OTDR 5 #
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Coupler Splice
Pﬂ::rd | - -
- - Fibre
Basic OTDR APD - : - .
block diagram Detector Processing Display
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Sample OTDR Display

Splice Fibre End
Opfical Input Pulss I . |

¢ Display shows total span

e LOSS 2.5 dB/div
o Distance 10 km/div

e Markers show a total loss of
24 87 dB

¢ Span is displayed as

70155 km —
N #70.15508 km
: 0SS 24.87 dB A = 131SM  10A= 1466700
o Anritsu OTDR ISA  §9.50400 km PW= ds AVG= 210

0.358 dB/km ATT= M08 (a) - (2888)




OTDR Characteristics
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Typical OTDR
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Optical Spectrum Analysis (OSA)
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The Monochromator
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Diffraction Gratings

# A grating is series of parallel, equally spaced groves, with a spacing about that
of the wavelength of light.

# Light incident on the groves is diffracted and the diffraction patterns from each
grove interfere.

® The result is that the exit angle depends on the wavelength of the light, as
shown in so called "grating equation” shown below.

Grating Equation Incident Beam

sina + sinp = 10E6.K.n. A Exit Beam

where K is the diffraction order, n
I5 the number of grooves per mm

and A is the wavelength in nm.

sin o+ sin B=10"° knA

(all angles in degrees) |
Plane diffraction grating




Optical Spectrum Analysers
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Secretary-General

Deputy to the
Secretary-General

BER Director T5E Director BEDT Director
Radiocommunication Telecommunication Telecommunication
Bureau Standardization Development

Bureau Bur=eau

ITU-R ITU-D

M Figure 1. ITU General Secretariat.
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140 Mb/s
-
34 Mb/ 34 Mb/s

> >
: 8 Mb/s 8 Mb/s ]
de-multiplexer | » > multiplexer

de-multiplexer multiplexer

de-multiplexer § § multiplexer

2 Mb/s

level by level
Not suitable for huge-volume transmission
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Byte Interleaved sy b yig,: SDH bl

One Byte
from STM-1 A




SDH e
1. Low bandwidth utilization ratio.

Non-Synchronous,
PDH Hierarchy

Bit Rate Abbreviated SDH SDH Capacity
155.52 Mbit/s 155 Mbit/s STM-1 63 E1,3E3or1E4
622_.08 Mbit/s 622 Mbit/s STM-4 252 E1, 12 E3 or4 E4

2488 .32Mbit/s 2.5 Gbit/s STM-16 1008 E1, 48 E3 or 16 E4
9953.28Mbit/s 10 Gbit/s STM-64 4032 E1, 192 E3, 64 E4
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Rows

Rows

Columns 1to 9 f:? umn Columns 11 to 270

F 1

Regeneration Section
Over Head: RSOH
3Rowsx9Bytes=27Bytes

Pointer : AU-4
1Rowx9Bytes=9Bytes

Multiplex Section
Over Head: MSOH
oRowsx9Bytes=45Bytes

270 Columns

Rows
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STM-1 o % Claxiv

Payload is called: C-4

C-4+ POH=VCH4
MSOH+RSOH=SOH
Pointer: Start of the Payload

No pointer movement allowed: Synchronization very
important

Between users: Path, Between Nodes: Multiplex Section,
Between Repeaters: Regeneration Section




SDH Architecture basics

Mux section
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Byte Interleaved Multiplex and Frame Structure STM-N
STM-1 (AU-4) —» STM-N

STM ——227 ':;: — 1 aus
_______ —
STM-1 ——— cce . | & x ______ N--- CBAN. CBA—»

STM-1 AUA4 >

: , / \ STM-N
STMA =7~ NNN — | =5

byte interleaved multiplexing

— 9 X N—p|u 261 x N >
A ABC NABC - --N--- ——--N
R SOH
AU PTRs
9 rows
M SOH
L I N| 125 ps




SDH Overhead

Regenerator Section Overhead (RSOH):
supervises the whole STM-N frame { RSOH }

won |

[ Overhead Multiplex Section Overhead (MSOH): supervises each STM-

/

1 of STM-N frame , :
_ High Order POH l
The Path Overhead is
generated only at the Higher order POH (HPOH): used
beginning of a path for VC4, VC3 monitoring
and evaluated at the POH
end of a path. Low Order POH 1

POH monitors individual low-rate signals within STM-N frame, Lower order POH (LPOH): used

while SOH monitors the whole package i.e., STM-N frame
for VC12 monitoring




SOH

Domestic Use, Transmission Media Usage, Future Use

9 Columns




Function of SOH

regenerator section connection check

regenerator section DCC, 192 kb/s
multiplex section DCC, 576 kb/s

accessible at regenerators
accessible at multiplexers

04 kby/'s clear channel

regenerator section BIP-8
multiplexer section BIP-24xN

automaftic protection switching
also used as MS-AIS and MS-RDI

indication of gquality level

REI (count of BIP-24xN)

Remaote Defect Indication, (formerly FERF, Far End Receive Failure)
Remaote Error Indication, (formerly FEBE, Far End Elock Error)

Framing (Al,A2)
Regenerator section trace (JO)
Data communication channel (D1-3)
(D4-12)
Order wire (E1)
(E2)
User channel (F1)
Error monitoring (B1)
(B2)
APS signaling (K1.2)
(K2)
Synchronization status (51)
Section status reporting (M)
RDI ;
REI ;
MS » Multiplex Section

Data Communication Channel




VC-4 POH

J1 Path Trace Byte

B3 Path BIP-8 Byte

C2 Signal Label

Byte
G1 Path Status
Byte
F2 Path User Channel

Byte
H4 Multiframe Indicator

-, B
73 | ™

Z4 | > spareBytes
Z5




Pointer processing

~——  Multiplexing
* - Aligning

— .
. Mapping )

)

VC11 C11

Bulk filled

Bulk filled

Bulk filled

E4
Bulk filled

DS3
E3
Bulk filled

Bulk filled

E1
Bulk filled




140 Mb/s to STM-N

1

Rate Add POH

140M adaptation

9 Mapping

1 260
125 us

Packing

AU-4

10 270

9

Aligning Multiplexing

AUG-N

Multiplexing route:
1X140M > 1XVC-4 >

I1IXSTM-1
One STM-1 frame can load

261
1251 s

STM-1
1
i
E=C8 Info
LR Payload
o MSOH
STM-N

270X N

9

only one 140Mbit/s Signal . Multiplexing




34 Mb/s to STM-N

C3 VC3
1 1
F)
34M Rate Add POH Next
Adaptation O page
9 H 9
Packing 1 84 Mapping 1 85
125u s 1251 s
TU-3 TUG-3 vVC-4
1 86 1 86 1 a 2861
1 1H1 1
H1 o
H2 H3
H3 =
1st Fill <3 R |R
align gap R
9 .9 9
Aligning Stuffing Multiplexing Same
as for

Multiplexing route: 1X34M = 1XTU-3 > 3XTUG-3 > C4
1XAU-4---One STM-1 can load three 34Mbit/s signals




2mM

2 Mb/s to STM-N

VC12

Add
Pointer
y
S

Aligning

Cc12

4
A
Rate Add
Adaptation POH
| 4

1 12 1
. \
<7 ag
o 4 ‘

Mulltiplexing

Multiplexing

Multiplexing route: 1X2M = 3XTU12 >

TXTUG-2Z2 2> 3XTUG-3 > 1 XSTM-1--- One
STM-1 can load 3X7X3 = 63X2M Signals

Multiplexing structure: 3-7-3 structure

www. huawei.com




SDH Network Element (NE)

4 Line terminal )
| . EED
Plesiochronous . > | I , High speed line
and/or synchronous | | (RS AL (could also be DWDM)
tributaries [Tl
A /
a Add drop multiplexer T N
Plesiochronous : El-'_.‘.‘ High speed
and/or synchronous } o IO synchronous line .
tributaries LT Tribs are multiplexed
" 1 on fixed positions. ~ /
/ Cross connect \.
Plesiochronous > T » Plesiochronous
and/or synchronous 4 | L= > and/or synchronous
lines FOT lines
| All tribs may be multiplexed |
A anywhere on any outgoing line. /




SDH Network Element (NE)

TM (Terminal Multiplexer)

® Two ports device: Line Port (Optical Port),
Tributary Port

® Used in the terminal station of a network
® Cross-connect function: TU <—= LU

ADM (Add and Drop Multiplexer)

® Three ports device: Tributary Port, Line Port West
(Left), Line Unit East (Right)

® Used as an intermediate station, the most important
'NE type

® Cross-connect function: TU €<- LU (W/E), LU
(W) € LU (E)

REG

® Two ports device: LU (W) & LU (E)
®Used due to the long distance between Multiplexers
® OJE, Signal regenerating (recovers timing, replaces
RSOH bytes, MSOH, POH & payload are not altered)
® Equivalent to ADM




