Communication Electronics
| ecture 3:

Optical-fiber communications
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Advantages in communications: Drawbacks for signal processing:

(1) Low loss: a/l=—0.15 ... —2dB/km
(2) Large bandwidth: B>4THz

(1) Unidirectional amplifier for light-wave

frequencies (optical trasistor) does not exist!

(3) Galvanic isolation!

(2) Passive components too large for integration!
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Current/charge continuity: jo Q=1>radiation!
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o=

B+O=m/2 n, Si0, glass n,~1.463

n,~1.476

A~0.009

®=arcsin (n,/n, )

NA=s1in o
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Multipath dispersion: At=t,—t,=——=|——2|——~A- NA'l
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Example: NA=0.2 [=10km n,=147 = At~=045us = CNﬁN74Okbit/s

Multipath(multimode ) dispersion Useless !



d..~50um=>simple splicing
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Multinath dispersion: At=t,—t ~A* —
NA=A1 g — 11 PATEny e
Example: NA=0.2 [=10km n,=147 = At=42ns = C NﬁNSOMbit/s
NA’ Standardized fiber GI 50/125 = ITU G.651
Ayax ~ ——~0.009
2 n First links ~1980 C ~8Mbit/s LED ~850nm

Graded index Use~2020: cheapest SFP modules C<1Gbit/s @ [<100m
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Planar 1D waveguide
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4 x Step —index Fiber = 2D cylindrical waveguide

n, profile n,
/""*'\'"" U U TTTTTTTTmTTTmmTmmmmmommnmoTenTen "'"/"*\\
. 7 , vy Fundamental | | ¥
1 ! ~ ; 1 mode HE |, | |||

1, n (x) VP 1,
>
2t HE |, hastwo variants HP+ VP!
Normalized frequency=V =a N NA=a* NA
0 Co

Standardized single —mode fiber
0<V<2.4049 -» HE  only 9/1250r10/125 = ITU G.652%

V<1.8 = Field escapesinto cladding

2.4049<V <3.8318 = 4modes

3.8318<V = >7modes V(1.31um)~2.16...2.40
V(1.55um)~1.82...2.03

2a~9..10um NA~O.1

Bessel : J,(2.4049)=0 J,(3.8318)=0

G.652 *used f rom 1984
Tolerance tightening * !

Fiber waveguide modes



Sellmeier for SiO,glass  h,=0.21...6.7um  Loss—less!
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9/125 single-mode fiber chromatic dispersion
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Chromatic dispersion D[ps/(nm. km)]
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Fiber chromatic dispersion

Chromatic dispersion: At=D-[-A)\,

Group velocity v, slowed down

by the reactive power ( stored energy ) of
(1) oscillating SiO, electrons | molecules

(2) waveguide transversal phase resonance

Inexpensive FP laser: A\,=3nm
ID(1.31um)|<2

D(1.55um)~17

I
/=50km Cr~——
m IAL

PS> 5 A£<300ps—C>1.1Gbit/s

nm -km

P> 5 At~2.55n8 > C~130Mbit/s
nm-km

DFBlaser+ LiNb03E0M->Ait~C~A r=A xo%
0

= At S Ao=1550nm
D-AN, DA, C* D~17ps/(nm-km)

C |[2.5Gbit/s| 10Gbit/s | 40Gbit/s [100Gbit/s

[ 1175km [ 73km | 4.59km [ 0.73km




Shifting the chromatic dispersion Ax NZDSF o Non o Zero
' | | ' . Dispersion — Shifted Fiber
2
: , ACLONN D (1550nm )~+4 .. +7 —
z"i : nl ()C) 2 no. km
; A,,,>80um?’(LEAF)
B [ ]| a0 NZDSF -
g ; | SO D (1550nm )~—4..—7—L
2 Shaped refraction nm.km
index profile

lf2 1i3 1?4 1?5 lf6 1f7
Free-space wavelength Ag[um]
9/125 (10/125)=ITU G.652
D(1550nm )~+17 —22

nm-km
all~0.2dB/km=0.15dB/km

2
nmkm AcoreN7OMm

Dispersion— compensating fiber

D(1550nm )~—80 —E

all~1dB/km

DSF (8/125) =ITU G.653

D(1550nm )~0 —
nm.km

all~0.5dB/km=0.25dB/km
A ~30um’

core

Useless duet ononlineari

Dispersion— shifted fibers



~50km Trans — oceanic cable

TX p. @ &» -

Inter — city cable [-»100km DCF spool
X RX
D~17ps/(nm-km) @

/ / ) )
Local network = not required . Gires — Tournois

etalon
Fiber Bragg grating n
RO RN RARH I‘1 Mirror
Thermal tuning d I,
Optical Optical ]
circulator circulator

Periodical response

Chromatic — dispersion compensation usefulin WDM



Eccentric core = Mechanical forces - Birefringence - PMD

/ n, Single —mode fiber
/\ . n, . . /\
& S
k! HP

l - «A—t»
HE |, hastwo variants HP+ VP, PMD = Polarization Mode Dispersion
that are not perfectly identical Birefringence is distributed randomly !
(manufacturing tolerances!) Optical fiber does not maintain polarization !
Installed cable

Old fibers <2000 ~10ps/N km| ~100ps ~1ns changing slowly :
weeks , months ...

Spun fibers >2000  [~0.1ps/Nkm| ~Ips ~10ps
Spinning during fiber drawing ~S5turns/m PMD




Example: P~100mW n,~146 Z,~377Q

s=L L 100mW . 1GW/m?=140kW fem’

Ay 710 "m’

Single — mode
fiber 9/125

A0

-

YA
0 ~850kV/m=8.5kV/cm

E|=

1y
P Effect
ImW Nonlinear response!
10mW Connector burn-out!
. 125um | 100mW | Max P for connectors!
| n,=Si0,+ GeO, | 1W Max P in fiber!
10W Fiber-core melting!

Fiber —material loading



Electrostriction = increase n=.€. 1

_Uj) n(E)=ny+n,"-E+n," E*+n," E’+ ...

n,'= Kerr effect (electrostriction)

ﬁ n,'= Pockels effect (electrostriction+internal E )
<i ; €, Tj}

/ SiO, (+GeO, ) glass - internal E,=0 = n,'=
J) E’
U S=o7 > n(S)=nytn,S
2 2
SiO, (+GeO,) glass: n,~1.46 n2~2.5-10‘20%...3.2-10‘20%

Electrostrictionin glass



Single —mode fiber 9/125

A, \ Brillouin

Raman /

— 0 — > — >
P / Acoustic wave Oscillationinside molecules \
v~5.9km/s TG
Spectrum n.~1.46 Spectrum A £~
N 0~ 1. A f~13THz
F(f)) P> 3mW on Ao~1.55um F (/) both directions on
ﬁ Brillouin : P> 600mW
~10MHz : N L
LA S backward only ceaseenieenes
+~ 11GHz. 1
} \ Nuisance ? E
/7 . : . >.f Amplifier ? /7 : . >f
Brillouin scattering BN Raman scattering




2
Self phase modulation: Ap=Ak-I= T

Linear D — Nonlinear n = Soliton transmission~ 1995 ?

Ao Ay

nZP.]m

P=100mW A4,=70um’
n,~2.5-107"m’*/W
hy=1550nm [=1km

0.15rd

Cross phase modulation = Four—Wave Mixing ( FWM )

Radio engineers 50 years earlier than optics : Inter — Modulation Distortion (IMD)

ff;??;rq ’ Signals: f, [, = Mixing products: f ,=2f,—f, [fz=2f,—F,
/> PP hoA, Np|_—In10 , [dB
P = 12 2 PIPS[W]ZznOn ;f o nf) - 20 all ‘m
Pip; 2%elf
Ja p.p> Long fiber: I>1,,|m|= 21 ;
w p=—1 J(2a)+(AB)
N I D Pips
2
/;/ <1< | < >f Phase A ﬁ _ _5 N_2n7\OD.<A )2
N Phase  ppglXd|_p 1o _op f
Four —Wave Mixing mismatch: m ¢



~1995 > DSF G.653

all~—03dB/km  4,~30um’
D=0 > Af~0
1 Y
leﬂNENM.Skm Ao~1550nm
20m
P ,,,;~20mW =+ 13dBm =2l
B~4THz
JJog|F(f)
R)
A AA: A ;A A A P = i
PIP3
S/
7 -

4 channels WDM X2.5Gb/s=10Gb/s
Trans —oceanic cable

~2015 = NZDSF G.655
all~—0.2dB/km A, ~80um’
D~+5ps/(nmkm) A f=100GHz

AR~—2.52rd/km>2a

eﬁ |A[3| ~(.4km

P ,,;~2W =+ 33dBm

JJog|F(f)
AMAAMAAAAAAAAAL

WALILIINIILILLIS TNy

40 channels WDM x100Gb/s=4Tb/s



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25

