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Reprezentare logaritmica
dB =10 - l0g;o (P, / P)

0 dB =1 0 dBm =1 mW
+0.1dB =1.023 (+2.3%) 3 dBm =2 mW

+ 3dB =2 5 dBm =3 mW

+ 5dB =3 10 dBm =10 mW
+ 10 dB =10 20 dBm =100 mW
-3 dB = 0.5 -3 dBm = 0.5 mW
-10 dB = 0.1 -10dBm =100 uW
-20 dB = 0.01 -30dBm =1uW
-30dB = 0.001 -60dBm =1nW

[

[dBm/Hz] + [dB] = [dBm/HZ]
[x] + [dB] = [X]




Fibra optica
Capitolul 5




ATENUAREA

» Macrocurburi
» Microcurburi
» Imprastiere

» Absorbtie




Absorbtie

Attenuation
A [dB/km]
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Calculul atenuarii

Pierderi = Fout
Pin
P

Pierderi[dB]=|[-]10- Ioglo[ ;“t]

Pierderi|dB]=|-](P,,JdBm]- P, [dBm)])

A=9—-®

Pierderi[d B]

Atenuare[dB/km | =

lungime[km |



Dispersia

» Propagarea cu viteze diferite a radiatiilor cu
lungimi de unda diferite

> intermodala (modala - depinde de prezenta
modurilor)

> intramodala (cromatica - depinde de lungimea de
unda)
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Dispersia modala

nmniEin //J]ﬂ%l[lﬂl

Transmit side Recejve side




Dispersia modala

» salt de indice
L-n?

dt = 2 [ M=y ) L-NA®  intarzierea intre A== _ 4
con, | n, 2.c-n, moduri cand Ny
(dtj NA=./n5 —n’
Armo
3l 2 NA=n, -2-A
Ag _Ln-A L - NA®
: od = 2\@ 4\@-c-n2
» indice gradat
dt = —2
2c 28 c-n’ NA=0.1-0.2<1
_L-n,-A L NA* :
—_— A7 = 2 n, - miez
mod = 43¢ 16\@-c-n2 n, - teaca

n, > n,; !l



Dispersia de material (A)

A Dispersion /
50 | [Ps/mmxkm] V4

— D(ﬂ)Al | / Total

— intramodal
dispersion

Wavelength
[Mm]

"y
"—.-
LAY

Waveguide
dispersion




Catalog

Mechanical Specifications

Proof Test
The entire fiber lengeh is subjected o a ensile
stress =100 kpsi (0.7 GPa)*.

*Higher peoof test levels available.

Length
Fiber lengths available up to 50.4* km/spool.
“Longer spliced lengehs available.

Performance Characterizations
Characeerized parameters arc eypical values.

Core Diameter 82pm
Numerical Aperture 0.14
NA is measured ar the one percent
Jevel of a ome-dimensional
/—- = 310 .
z on

km)
70

20
Coating Strip Force ary- 0.6 lbs. 3N)
14-day room =

05t @ i
Rayleigh Backscatter
Coefficient 1310 nm: -77 dB
(for 1 ns Pule Width) 1550 nm: -82 dB
Stimukated Brillbuin
Seattering Threshold 20 dBm™"
Nores:
(1) When characxerized with 2 sransmitser specifying 17 diim SIS
shresold aver standand single-mode fiber. While sbsobute SBS
shreshald i 3 funcion of disance and signal format. NexCor fiber

offers 3 3 dIl improvement over sndard single-mods fiber independent
af these variables.

Formulas
Dispersion
Dispession = DRy = [ & % ] psllatckm),
o 1200 0 < 7.5 1625 nm
2 = Operating Wavelength

Cladding Noa-Circularity

Chdding _ [‘_ Min. Cladding Dismerer ] Al
on-Cirentatity ~ |'= Vi Cladding Diometer ) ©

How to Order

Coneact your sales represcntative,

or call the Opeical Fiber Customer

Service Depanmene

Ph: 607-248-2000 (U.S. and Canada)
144-1244-287-437 (Earope)

Email: opricalfies@coming.com

Please specify the fiber gype, ateenuation

and quansity when ordering.

Jar-rniaa scam g i31u

(5,) 0.088 ps/(nm’+km)

1317 nm

1310 nm: 1.4670

Total
—— intramodal
dispersion

Wavelength

Waveguide
dispersion




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

i -
Nominal emission Wavelength

wavelength




Banda

» Dispersia totala
At = \/Arczr +AT?

mod
» Banda

g = 04 o

o ATy [I’]S]

» Banda optica la 3 dB corespunde unei benzi
electrice la 6 dB
7 I:)opt - I’ I:)el - IZ Bopt :\/EBeI

» Viteza legaturii

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




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




Dispersie exemplu - 1




Dispersie exemplu - 2
» 1550nm
» Efectul sursei

> fibra monomod cu dispersia 16ps/nm/km@1550
> latimea spectrala a sursei AA=1nm

> 50km
After 50 km
Standard single-mode fiber
Laser spectral bandwidth 1 nm STM-4, 622Mb/s
Dispersie,
At, =16-1-50ps =800 ps 800ps STM-16, 2.5Gb/s
- RN e
Az, |= -nm-km= ps
[Arer]= —=— p

100<400<800<1600




Dispersie exemplu - 3

» 1550nm

» Efectul sursei
> fibra monomod cu dispersia 16ps/nm/km@1550
> latimea spectrala a sursei AA=0.1nm

+ >0km e
Az, =D(A)-AL-L Lispeme, I I I .
At, =16-0.1-50ps =80 ps STM-16, 2.5Gbls
p SN
Az, ]= - .Skm,nm.kmz ps 8D(i}%p;ersie, |
WHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH :

100=80<400<1600




Dispersie exemplu - 4

» Efectul fibrei

- fibra cu dipersie deplasata: 4ps/nm/km@1550
- latimea spectrala a sursei AA=0.1nm

> 50km

Az, =D(1)-AA-L

Az, =4-0.1-50ps =20ps

[Ar,]=—P>— nm-km= ps

nm-km

After 50 km
Non-zero dispersion shifted single-mode fiber

Laser spectral bandwidth 0.1 nm STM-4, 622Mb/s

| -
-

_| Dispersie,
20ps

STM-16, 2.5Gb/s

STM-64, 10Gb/s

LR

|-
|

20<100<400<1600




Dispersie exemplu - 5

» Efectul fibrei

- fibra cu dipersie deplasata: 4ps/nm/km@1550
- latimea spectrala a sursei AA=0.1nm

> 150km

Az, =D(1)-AA-L

At, =4-0.1.-150ps =60 ps

[Ar,]=—P>— nm-km= ps

nm-km

After
Non-zero dispersion shifted single-mode fiber

150 km

Laser spectral bandwidth 0.1 nm

]

STM-4, 622Mb/s

:

_l| Dispersie,
60ps

>

STM-16, 2.5Gb/s

ersie,
60ps

ARRRRUR AR AN RN AR TA CA R R -

STM-64, 10Gb/s

Dispersie,
60ps

60<100<400<1600




Fibra standard ITU G.652

Diametru teaca = 125 um
MFD = 910 umla 1300 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

ITU (International Telecommunication Union) is the United
Nations specialized agency for information and
communication technologies - ICTs

v v VvV Vv




Fibra optica din plastic (POF)

Attenuation dB/Km
1,000 ¢

500 | 7,

B \
300 Standard PMMA POF /\
200

100 | /\
il T~
30

20 deuterated d-8 PMMA
core fibre

1%oo 400 500 600 700 800 900
Wavelength (nm)

Atenuare 180 dB/km
NA = 0.3

Diametru 1T mm

Banda 125MHz (100m)

v Vv Vv Vv




Fibra optica - Tehnologie
Capitolul 6



OTDR

» Optical time-domain reflectometer
» Localizarea defectelor

OTDR O - (m—: Q

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




OTDR

» Optical time-domain reflectometer
» Localizarea defectelor

Fiber A

OTDR # F#bze'
: Pulsed 2\ O O
: loser Coupler A vas =
: ; iber
: Connector Splice end
Time .
: bose Detector :

> Vert

> Horiz




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

Attenuation
A

A

dL

Y

Distancey g

A




Efecte vizibile OTDR

Attenuation
A
P1r\\\r A
P, \h
-
Distance

N R -P,
AldB]= Pz I_P

panta curbei




Efecte vizibile OTDR - Splice

» splice loss - A(s)

Attenuation
[dB]

Splice ©

—l Splice
Y \N loss

Distancer
[km]




Efecte vizibile OTDR - Splice

a. same fiber spliced

:},,;actual loss

error caused by

fiber characteristics_['\

b. high loss fiber spliced to low loss fiber

error caused by
a fiber characteristics
actual loss |:

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




Rezultat grafic al OTDR

» latimea pulsurilor luminoase

Attenuation
[dB] Fiber Fiber Fiber

P @ o @ . @

_ Graph when using
Noise |  yery short pulse width

(~10 ns)

Graph when using
medium pulse width

-
olse (~100 ns)

Graph when using long
pulse width (~1 us)

|
| [ Distance
f=
| | | [km]
Start pulse

B  “Deadzone”

Splice Connector End pulse




Stabilized light source
Optical power meter
» Masurarea puterii si atenuarii

i
5 O
(0]
iy
(0]
@
=)
O ~
Q
c
®
Y

Laser diode
APC module
owe
level
time
Pow:
level




Masurarea puterii si atenuarii

» Masuratoare referinta

ODF/FDF ODF/FDF

Fiber/network
to be measured

Stabilized light Power
source meter
199 mW T
lleee@® o 0@
Rack cable or Rack cable or
patch cord patch cord
Eﬂj izl ODF/FDF = Optical
Distribution Frame/
Connector and Fiber Distribution Field

bushing




Masurarea puterii si atenuarii

» Masuratoare instalatie

ODF/FDF ODF/FDF

Fiber/network
to be measured

000000000
0006000000

000000000
000000000

Stabilized light Power
source meter Rack cable or
patch cord
199 mW

.llee®e®

Rack cable or ODF/FDF = Optical
atch cord istributi
p Garaa Distribution Frame/
Fiber Distribution Field




Masurare conectori si splice

» Se elimina efectele fibrei

source

Exciter fiber

>300m

Qg

Optical power
meter

@ Cutting
Light _I <
source
Exciter fiber Exciter fiber
> 300m > 300m
Connector
to be
@ measured
Light _:

Q4

Exciter fiber

Optical power
meter

> 300m

P4 [dB]

P, [dB]




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 Appearance after 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+1pum

N

Cladding
125+ 1 um

B
QL
Soft acrylate

—_—
about 200 pm

-

—_—

B A

_Hard acrylate

245+ 10 um

Optical ——
fibers

Tube —

—).

Strain relief
(e.g., Kevlar)=™

Inner >
jacket

Sheathm,

jacket




Cabluri




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

SC connector

ST connector

SMA Type 306

Fikrer Jack

MT-R.J

All fiber-optic
connectars use
ferrules to hold the
ends of the fiber
and keep them
properly aligned.

The 5T connectar
Uses a half-twist
bayonet type of
lock, while Shaa,
and FC use
threaded
connections.

The SC uses a
push-pull connector
similar to commaon
audio and video
plugs and sockets.

The MIC is the
standard FDDI
connector.

The Fiber Jack
connector attaches
two fibers in a snap
lock connector
similar in size and
ease of Use 3s an
RJ-45 connectar.

MT-FJ is a popular
connector for two
fIbErs in a very
stnall form factor.



Conectori

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

: — . : Ferrule
F|b< Cylindrical bushing /Fuber ol t_h | |
A s
\ / Fiber
YU Viisd
Cylind/rical Cyli\ndrical &\\\\\\\\\\\\\\\\\\\\Q

ferrule ferrule




Conectori

» Ferula
semisferica
> 20mm
> 60mm

For the best transmis-
sion, the ferrule’'s end
surface is ground to a
hemispherical shape

Coupling nut
or bushing

|

The end surfaces are (
pressed lightly

against each other in ( '''''''''''' —
the coupling nut

» Conectori multifibra




Expanded beam connector

Parallel beam of rays

Fiber _ Fiber

Lens Cylindrical housing

Hard alignment pin

Conventional Ceramic
Ferrule

Ball Lens

Hard AR Coating

- Connector Face




F I I I I Optical Fibers Metallic Cables

» FTTN: Fiber to the - :
node, neighborhood D

» FTTC: Fiber to the

éFTTN

éFTTC

curb
» FTTB: Fiber to the
building
» FTTH: Fiber to the
home

”;FTTB

JFTTH




FDDI

» Fiber Distributed
Data Interface

Uy

4 T 5
SR 2

PERIPRERALS 1N

1986 NETHORK

Loreernvieiiriinivivireess 2
o CTSK 65817130

AL COIRR Loy e



Contact

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

.



