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Dispersie




Dispersia

» intermodala (modala - depinde de prezenta
modurilor)

» intramodala (cromatica - depinde de
lungimea de unda)
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- de ghid
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Dispersia modala
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Dispersia modala
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Dispersia modala

» salt de indice
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Dispersia de material
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Dispersia de ghid

» Neglijabila in fibrele multimod fata de
dispersia modala

n-L-A AA dZ(Vb) b - constanta de propagare
AT = c '/1 |V dv 2 normalizata

0.7 B s ...................................
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Dispersia cromatica

=D(1)-A1-L

>50 km Single-mode step index A z—
<10 km Multimode graded index Cr
<1 km Multimode step index

s ow=2{2-4]
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J“ L So panta dispersiei -

Transmi§sion: Reception: ‘ . pS / ] m2 / km
Well-defined pulses but not absolutely Pulse broadening caused by the laser’s spectral width

monochromatic. and the difference between the refractive indices of

Typical spectal width < 0.8 nm the red and blue ends of the light pulse.

» D(A) = 100 + 0.4 (850 - A) [ps/nm/km]
nentru 800 < A < 900 nm

» D(A) < 3,5 ps/nm/km ()=S0 1%
nentru 1285 < A < 1330 nm 4 P
D(A) < 17 ps/nm/km

nentru 1525 <A< 1575 nm




Calitatea spectrala a emitatorilor
optici

Relative A

output power He-Ne Gas laser

approx. 1 kHz

Laser diode
=0.2 nm

Laser diode
=2 nm
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Nominal emission Wavelength

wavelength




Banda

» Dispersia totala
At = \/Az' +Armod

» Banda

0.44
opt ATtot [ns] [ Z] Bopt \/EBeI

» Banda optica la 3 dB corespunde unei benzi

electrice la 6 dB
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» Viteza legaturii

V|[Gb/s]=2-B,




Dispersion shifted fibers

A
» Atenuarea e mal mica

la 1550 nm VJUT
» EDFAErbium doped

fibre amplifiers) —
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opereaza in banda | tosinmke
aceasta ‘

» Sistemele WDM

(Wavelength division 0 T A s A m)
Multiplexing) necestia _: /
banda larga amplificata |




Non-zero Dispersion shifted fibers
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Dispersion shifted fibers
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Fibra pentru compensarea

dispe

rsiei

Transmit

Light
pulse

Dispersion

standard
fiber ==

standard standard

A
) y

DCM = Dispersion compensating
module

» Dispersie -100 ps/nm/km
» Atenuare 0.5 dB/km




Fibra standard ITU G.652

Diametru teaca = 125 um

MFD = 910 umla 1300 nm

Ac = 1100+1280 nm

Pierderi de curbura (Ia 1550 nm) mai mici de 1 dB

pentru 100 spire de fibra rulata pe un mosor cu
7.5 cm diametru

» Dispersia in banda 1300 nm (1285-1330 nm)
mai mica de 3.5 ps/nm/km. La 1550 nm
dispersia trebuie sa fie mai mica de 20
ps/nm/km

» Viteza de variatie a dispersiei (panta dispersiei S,)

mai mica de 0.095 ps/nm?/km
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Fibra optica din plastic (POF)

Attenuation dB/Km
1,000 ¢
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Atenuare 180 dB/km
NA = 0.3

Diametru T mm

Banda 125MHz (100m)
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Fibra optica - Tehnologie
Capitolul 5



OTDR

» Optical time-domain reflectometer
» Localizarea defectelor

OTDR O - (m—: Q

Launch Cable (>250 m) Cable Under Test Receive Cable (>250 m)




Rezultat grafic al OTDR

| Start pulse through Fresnel reflection End pulse,
Fresnel

reflection (4%)

.. Attenuation in the fiber [dB/km]

Loss in a fusion splice [dB]

Attenuation [dB]

Il - Connector loss [dB]

Cable end or
fiber break

Noise

Distance or time ——»




Efecte vizibile OTDR

reflections show OTDR
pulse width and resolution

a. same fiber spliced

connectors show both
loss and reflections

slope of trace shows fiber
attenuation coefficient

}ffactual loss

] error caused by
splices are usually

) fiber characteristics_[i\
not reflective

b. high loss fiber spliced to low loss fiber

splice loss

\[ error caused by
Spliceloss , ., +Spliceloss, . actual loss [==fber characteristics

2

Spliceloss =

c. low loss fiber spliced to high loss fiber
can cause an apparent gain at a splice




Stabilized light source
Optical power meter
» Masurarea puterii si atenuarii

Thermocontrol
circuit




Pierderi - Apertura numerica

» Numai la trecerea de la apertura numerica
mai mare la apertura humerica mai mica

s

Transmitting Receiving
fiber fiber
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Pierderi - Diametrul miezului

» Numai la trecerea de la diametru mai mare la
diametru mai mic

@ 2
Attenuation  (multimode) =-10log (5)

o —

! 2w w
Splice loss at the Mode field diameter Attenuation , (single— mode)=— 20 log( — )

< & 2 2
splice will change W, Gt W,




Pierderi - Nealinierea axelor
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In fusion splicing, the In mechanical splicing,
fibers are centered due to alignment errors can be
the viscosity of the relatively large

melted glass




Pierderi - unghi
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Pierderi - distanta

» Se foloseste un gel cu indice de refractie egal
cu al fibrelor

» Se aduna pierderile generate de reflexie pe o
lamela (pana la 16%)

Loss due to longitudinal separation [dB]
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Taiere - Cleaving

» Tehnici necesare pentru a asigura o taiere

perpendiculara pe axa fibrei Q

Scorin
gl?:c;eg Smooth

surface

surface

Fiber to \
be cleaved 5
& : Hackled




Lipire prin fuziune




Splice prin fuziune

Fibers Stripped of Coating, Cleaned,
and Cleaved, are Brought Together
Dwring the Fusion Arc

N

Electrodes Create
a High Voltage Arc

ESTIM., LOSS,
NEXT FICTURE

Uik

Positicners Adjust in
the X, ¥, £ Directions
1o Align Fibers

3. 60241

Step 1
Alignment,
control of Point
cutting angle elecuode
and cleanness Flber
Flber
Horizontal and vertical
alignment with an Point
accuracy of better than electrode
1 m
Step 2
Prefusion ‘

Arc between the
electrodes burns off
small particles of dirt,
etc, and rounds the

. The finished fusion-
cut edges slightly Sliced fibar

()

Step 3
Final adjustment
and fiber check

Step 4

Fusion in sequential process,
approx. 5 secs with a fusion
current of 10 - 20 mA

Fibers are pushed
toward each other to
compensate for the
consumption of a
certain amount of
glass




Splice prin fuziune

Causes of faults in fiber fusion

.




Splice mecanic - bloc V




Splice mecanic - bloc V




Splice mecanic

Precision-drilled tube

Epoxy glue

Epoxy glue

Fiber

Shrink-on tubing

Three steel rods

Fiber




Probleme Fibre/Conectori

Offset Angular Separation
Misalignment

Core Eccentricity Core Ellipticity Reflections &
Interference




Cabluri

Core

—/Eﬁs\ <9 %1 um

N

Cladding
125+ 1 um

B
QL
Soft acrylate

— !
about 200 pm
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_Hard acrylate

245+ 10 um

Optical ———p
fibers
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Strain relief
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Cabluri




Cabluri
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Conectori

s

X : O
< FC - PC/PM DIN - PC
FC - APC/PM DIN-APC/HRL10

AVIO - PC

AVIO - APC

© E2000 - PC
E2000 - APC




Conectori

» Verificati http://rf-opto.etc.tuiasi.ro

p—



Contact

» Laboratorul de microunde si optoelectronica
» http://rf-opto.etti.tuiasi.ro
» rdamian@etti.tuiasi.ro
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