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Disciplina 2023/2024

» 2C/1L Optoelectronica OPTO
» Minim 7 prezente curs + laborator

» Curs - conf. Radu Damian
>an IV uE
Marti 14(:10)-16:00, P8
E-70% din nota (50%+20%)
- 20% test (VP) la curs, saptamana 4-6?
probleme + (2p prez. curs)
toate materialele permise

» Laborator - drd. Stefan Stoica
>an IV uE

- Marti 16-20 par

- Max. 7 prezente
> L-30% din nota (+Caiet de laborator)
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Cuprins

» Lumina ca unda electromagnetica* (ecuatiile lui Maxwell, ecuatia
undelor, parametrii de propagare)

» Elemente de fotometrie si radiometrie* (marimi energetice/luminoase)

» Fibra optica (realizare, principiu de functionare, atenuare, dispersie,
banda de frecventa)

» Cabluri optice (tehnologie, conectori, lipire - splice)

» Proiectare sistemica a legaturii pe fibra optica (banda de frecventa,
balanta puterilor)

» Emitatoare optice (LED si dioda laser - realizare fizica si functionare)

» Receptoare optice (dioda PIN, dioda cu avalansa - realizare fizica si
functionare)

» Amplificatoare transimpedanta (parametri, scheme tipice, TIA in bucla
deschisa, cu reactie, diferentiale, control automat al castigului)

» Realizarea circuitelor pentru controlul emitatoarelor optice (parametri,
scheme tipice, controlul puterii, multiplexoare)

» Dispozitive de captare a energiei solare (principiu de functionare,
utilizare, proiectare )
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Documentatie

3€ English | ¥ Romana |

Main Courses Master Staff Research Students

Microwave and Optoelectronics Laboratory,

We are enlisted in the Telecommunications Department of the Electronics, Telecommunication and Information Technology Faculty (ETTI) from the "Gh. Asachi" Technical University (TUIASI) in Iasi, Romania
We currently cover inside ETTI the fields related to:
= Microwave Circuits and Devices

* Optoelectronics
« Information Technology

Courses

e Joourse o ode | Type | Semester Creis Weekly | Examination ik |
1 Microwave Devices and Circuits for Radiocommunications DCMR  DOS412T DOS 4 0R,1L,0S,2C Exam details
2 Monolithic Microwave Integrated Circuits CIMM  RD.IA.207 DOMS 11 6 1.5,05,2C,0P Exam details
3 Advanced Techniques in the Design of the Radio-communications Systems TAPSR  RD.JA.103 DIMS 9 6 1.5P0L,052C Exam details
4 Optical Communications co DOS409T DOS 7 5 0R,1L,05,3C Colloquium  details
5 Optical Communications ocC EDOS409T DOS 7 5 0P,1L,05,3C Exam details
6 Satellite Communications cs RCIA.104 DIMS S 6 0L,052C,1.5P Exam details
7 Applied Informatics 1 IAL DOF135 DOF 1 4 0P,1L,05,2C Verification details
8 Applied Informatics 1 All EDOF135 DOF 1 4 0P,1L,05,2C Verification details
9 Databases, Web Programming and Interfacing DWPI ITLIA601 DIS 1 5 1P,1L,0.255,1C  Verification details
10 Web Applications Design PAW RC.IA.108 DIMS 10 5 1L,05,1.5C,1P Exam details
11 Optoelectronics OPTO DID405M DID 8 4 0R,1L,0S,2C Colloguium details
12 Microwave Devices and Circuits for Radiocommunications (English) MDCR  EDOS412T DOS 8 4 0R,1L,0S,2C Exam details




Documentatie

» RF-OPTO
- http://rf-opto.etti.tuiasi.ro

» Fotografie
- “*axamen” online
- necesara la laborator/curs
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Bonus (~0.5-4.15)

Disciplina: Optoelectronica, structuri, tehnologii, circuite
An: 2015/2016

Bonus-uri care se aplica la nota de la teza obtinute prin:
- prezenta la curs (0.5p / 3pr)

- 3 miniteste aplicate la curs (max. 3 X 1.5p)

- contributie la site rf-opto (foto <C5=1p, >C5=0.5p)

o et s o e e e e 1o 2o o e

1 CIOLPAN OCTAVIAN 5306 0.5 -

2 NITA COSTEL-CATALIN 5307 4 0.5 1 1.5 =~

3 BARON BOGDAN-IONUT 5405 12 2 1 0.5 0.75 4.25 -
Prezenta Liste

Studenti care nu pot intra in examen
Bonus-Uri acumulate

» Minim 7 prezente
» 0.5p/3prez

» 3 teste

» foto <C7/<C9




Fibra optica
Capitolul 4




Aplicatii majore

» Comunicatii

> Infrarosu (InGaAsP)
» Vizibil
> Spectru vizibil (GaAlAs)
» luminare
> Putere ridicata, lumina alba (GalnN)

» Energie solara
- Efect fotovoltaic (Si)




Benzi de lucru in comunicatiile
optice
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Atenuarea 1n fibra optica (SiO,)

Attenuation
A [dB/Km]

100 The five (six)
optical windows.
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Cuprins

» Lumina ca unda electromagnetica (ecuatiile lui Maxwell, ecuatia undelor,
parametrii de propagare)

» Elemente de fotometrie si radiometrie (marimi energetice/luminoase)

» Fibra optica (realizare, principiu de functionare, atenuare, dispersie,
banda de frecventa)

» Cabluri optice (tehnologie, conectori, lipire - splice)

» Proiectare sistemica a legaturii pe fibra optica (banda de frecventa,
balanta puterilor)

» Emitatoare optice (LED si dioda laser - realizare fizica si functionare)

» Receptoare optice (dioda PIN, dioda cu avalansa - realizare fizica si
functionare)

» Amplificatoare transimpedanta (parametri, scheme tipice, TIA in bucla
deschisa, cu reactie, diferentiale, control automat al castigului)

» Realizarea circuitelor pentru controlul emitatoarelor optice (parametri,
scheme tipice, controlul puterii, multiplexoare)

» Dispozitive de captare a energiei solare (principiu de functionare,
utilizare, proiectare )




Optical ——
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Tipuri de fibra

» Monomod

Increasing RI

» Multimod F

> cu salt de indice

T

Multimode

> cu indice gradat Step Index

Step index Graded index Graded index
Single-mode Single-mode Multimode
Non-zero

dispersion shifted

Multimode Step Index

A
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Single Mode
(Step Index)
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Frecventa normalizata - monomod

4

[8/k)-n)/yn)

b=

Fibre monomod

1.0

O
0o

b - coeficient de propagare
modal relativ

V <V, =2.405

exista un singur mod (solutii
fc. Bessel)

NA

A3 =n 28 NA= 722
Ve 2.405

Exemplu:

2a = 8.5um

NA=0.11

Ade =7 8> 0.11=1210nm
2.405



Fenomene de interes

» Cat de departe pot transmite semnalul
luminos pe fibra
o atenuare

» Cat de rapid pot transmite informatia
- dispersie




Atenuare

» Macrocurburi

- utilizator, localizat, dB
» Discontinuitate in fibra

- utilizator, localizat, dB
» Microcurburi

- distribuit, tehnologie, dB/km
» Imprastiere

- distribuit, tehnologie, dB/km
» Absorbtie

o distribuit, material, dB/km




Fenomene de interes

» Cat de departe pot transmite semnalul
luminos pe fibra
o atenuare

» Cat de rapid pot transmite informatia
- dispersie




Dispersia

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

- intermodala (modala - depinde de prezenta
modurilor)

> intramodala (cromatica - depinde de lungimea de
unda)

5
AL AM

- de ghid




Dispersia modala

» Mai mare la fibre multimod cu salt de indice

» Mai mica la fibre multimod cu indice gradat
> traseele mai lungi trec prin zone cu indice mai mic

» Inexistenta la fibrele monomod




Dispersia

» Dispersia modala
» salt de indice
L-n,-A  L-NA?
2v3-¢  4J3-con,

» indice gradat
L-n,-A°  L-NA*

A z-mod

AT

mod— 4\/§C

A=0.01-0.02<<1
NA=0.1-0.2<1

16\@-0-n§’

» Dispersia cromatica
Az, =D(1)-AAd-L




Dispersia modala
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Dispersia cromatica (gh+mat)

lungimi de unda
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Dispersie exemplu - 1

tttttttttttttttttttttt

Az, =D(2)-A%-L L—
fiecare




Dispersie exemplu - 2
» 1550nm AT

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

=D(A)-AL-L

cr

> 50km
After 50 km
Standard single-mode fiber
Laser spectral bandwidth 1 nm STM-4, 622Mb/s
Az, =D(1)-A1-L ! . . . -
Dispersie,
At, =16-1-50ps =800 ps 800ps STM-16, 2.5Gb/s
. RN e
At [= -nm-km = ps
[Arer]=—=— p

100<400<800<1600




Dispersie exemplu - 3

» 1550nm ArcrzD(ﬂ)L
» Efectul sursei

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

- 0km AT moso o
Ar, =D(1)-AZ-L Lispersie, I I I >
At, =16-0.1-50ps =80 ps STM-16, 2.5Gbls
p AR,
[Afcr]: nm'Skm'nm.km: " SDCi}SppserSie, STM-64, 10Gb/:
MMWHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH :

100=80<400<1600




Dispersie exemplu - 4
Az'crA/i-L

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

> 50km

At, =D(1)-A1-L

At, =4-0.1.-50ps =20ps

Az, ]=—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

|-
-

20<100<400<1600




Dispersie exemplu - 5
At = D(ﬂ)-Aﬂ@
» Efectul fibrei

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

> 150km
After 150 km
Non-zero dispersion shifted single-mode fiber STM-4. 622Mb/s
Laser spectral bandwidth 0.1 nm K
>
Az, =D(A)-AL-L s l

ispersie,
60ps
STM-16, 2.5Gb/s

A PR T

S
[ATcr ] = P -nm-km= ps _ll Dispersie,
nm-km 60ps

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

STM-64, 10Gb/s

Dispersie,
60ps

60<100<400<1600




Sumarea efectelor

» efecte succesive se aduna liniar
At, Az,
A A

At =At, + AT,

» efecte simultane se aduna patratic
AT 41 AT,

mod !
A

-

. 2 2
ATtot T \/A Z-cr T A z-mod




Dispersia

» Dispersia modala
» salt de indice

Nr LA LNAS
"7 23.¢c 43¢,
» indice gradat
As L-n,-A°  L-NA*
mod = T3 lG@-c-ng
A=0.01+-0.02 <<1
NA=0.1-0.2<1

» Dispersia cromatica
Az, =D(1)-AAd-L
So

D(2) =~

A

. 2 2
z-tot o \/ATcr T Az-mod




Banda

» Dispersia totala
AT, =\/Arczr +AT? sau Az, =Ar, +A7,

mod
» Banda
. 0.44

A Ttot [nS]

~y

- GHz]
» Banda optica la 3 dB corespunde unei benzi
electrice la 6 dB
7 I:)opt - I’ I:)el - |2 Bopt = \/EBeI
» Viteza legaturii

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




Produs Banda- Distanta

L-n,-A _ L-NA?
2\/§C 4\/§C n2 ATtot = \/ATCZI’ +Az-riod

Az, =D(1)-AA-L

112

A Z-mod

At =const- L

0.44

B =
o A Ttot [I’]S]

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

const

V|Gb/s]=

V|Gb/s|- L[km] = const




Produs Banda - Distanta

At 4~ L Az, ~L At ~ L

1 1
V|[Gb/s]|~ B,[GHz|~ e i
tot

V|[Gb/s|x L[km] =ct.

B, [MHz |x L[km] = ct.




Dispersion shifted fibers

» Sticla are (nativ) dispersie
cromatica0la 1310nm

» Atenuarea e mai mica la
1550 nm

» EDFA (Erbium doped
fibre amplifiers)
opereaza in banda
1550nm

» Sistemele WDM
(Wavelength division
Multiplexing) necesita
banda larga amplificata

A

L1}

Dispersion
| [ps/mmxkm]

0+ / > Alum]
1 1520 154 1560 1580
14




Non-zero Dispersion shifted fibers

Dispersion
[ps/nmxkm]
3
2=
1 = Wavelength
J / [nm]
0 1 L
FWM 1 _: é 09_
) 7 6 0.7
A A 3 -2 __ -E =
: ) a1 o 0.57
M123,213 Rz Aa21, 231 : 2
’ -3 § 03]
Ai1a Mz ha23 Moy R332 Aas : E 0'1 - I I I | | l
< 40 0 10
Radius [um]




Dispersion shifted fibers

Single .
clodd?ng "0

m
Quodru n, S

_~ ..................... - ClGddl g ........... ny

:

N O

Dispersion

(ps—km=T—nm~1)
A
%3

N .ddg ..... ~

1200 1500 1800 IR

Wavelength (nm)

(a)




Fibra pentru compensarea

dispe

rsiei

Transmit

Light
pulse

Dispersion

standard
fiber ==

standard standard

N
) =

DCM = Dispersion compensating
module

» Dispersie: =100 ps/nm/km
» Atenuare 0.5 dB/km




Catalog - monomod < 2
— - D(1) ==

or call the Opeical Fiber Customer

Service Depanment:

Ph: 607-248-2000 ( ind Canada)

144124428 ‘rope)

Email: opeicalfbs@mming com

Please specify the fiber sype, atenuation
and quansity when ordering.

Mechanical Specifications

Proof Test N far-naa scam at 1310

“The entire fiber lengeh is subjected e a eensile One Rivecfrone Plaza B

stress =100 kpsi (0.7 GPa)*. 5y bl

*Higher peoof test levels available. &MMS-‘M l 5 l-

Length 2 mermicoal 21/ nm

Fiber lengehs available up to 50.4° km/spool e :

*Longer spliced lengths availible. Ermail: cofic@coming.com > t - I I L
. i 5y} 0.088 ps/(nm’<km)

Performance Characterizations Phe00 800 6620 6621 (UK, I

Characxerized parameters are typical valucs. Swed 1310 nm: 1.4670

Core Diameter 8.2 pm

Numerical Aperture 0.14
NA it measured a the one percent
awer level of a one-dimensional
210 .

Port Dispersion Indanesiz
Wavelength (1.,) 1317 nm e
Zero Dispersion Skope (S,) 0.088 ps /(nm'+km) .
igtive Group fndex 1310 mn 1467
1550 nm =
o) 1550 nmd e
Fatige Resistance Ph: 1-800-1-116-0338 /
e Smai - e 20 - [ps/n
Coating Strip Foree Dy 06 s GN) et 53 Total
n.l-&-da'rwmtcmp:mum Fx $00-1300-956. ola
0.6 Ibs. (3N Thailand
Ph: 001-800-1-1-721-1261 .
Rokigh Busaater FE A 70 | —— intramodal
(Inrlml’uk: Width) 1550 "‘“""" s -
Stimulted Brtbuin Bhoetrse2.42 dispersion
Sattering Theeshold 20 dBm" Fx 00817-762.4996.
L. Mexico
Nres: =
(1) When charscrerized with a ransmitier specifying 17 diim SHS Fxlﬂlm}l’g 1 O
threshold over srandard single-mode fiber. While shsolusce SBS
shreshold s 3 funcrion of distance and signal format, NexCor fiber m'hu“". g
offers 3 3 dI} improvemen over siandand single-mode fiber independerst Fr S00-1.4410
e GuateGins _ Wavelength
Fmail: GCCofic@corning com
Formulas i : :
B, 1045055206 [um]
Dispersion F (86) 10.6505.5077
=
Dision = D ] Bk 0 | | i
for 1200 010 < 7 5 1625 nim e i le 1 7
%= Operating Wavelength F: (46) 21 62881575 e
“Tiwan | e
Cladding Noa-Circularity g%ﬁm
Chdding _[,_ Min. Cladding Dismerer ] Niwhm' nd Corsing and SMF-26e. Wave u Ide
Nen-Circalacity = [ Max, Cladding Dismeter J - 109 m FECoy iy . g )
Tt -10 dispersion
e
2005, Cornzg Incurpumisd




Catalog - multimod

+

Bandwidth

Standard Bandwidth Cells

850/1300 nm (MHzekm)

4807400
400Xq00
400/1200
5007500
6007600
60071000

Other bandwidth cells available upon request.




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 Sg)
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 vV Vv




Fibra optica din plastic (POF)

Attenuation dB/Km
1,000 ¢

500 |
300
200

100 |

50 | \_\_//\
30
20 deuterated d-8 PMMA

core fibre
1 I 1 L 1 1

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

Atenuare 180 dB/km

NA = 0.3

Diametru 1 mm

Banda 125MHz (100m)

v Vv Vv Vv




Fibra optica - Tehnologie
Capitolul 5



Cuprins

» Lumina ca unda electromagnetica (ecuatiile lui Maxwell, ecuatia undelor,
parametrii de propagare)

» Elemente de fotometrie si radiometrie (marimi energetice/luminoase)

» Fibra optica (realizare, principiu de functionare, atenuare, dispersie,
banda de frecventa)

» Cabluri optice (tehnologie, conectori, lipire - splice)

» Proiectare sistemica a legaturii pe fibra optica (banda de frecventa,
balanta puterilor)

» Emitatoare optice (LED si dioda laser - realizare fizica si functionare)

» Receptoare optice (dioda PIN, dioda cu avalansa - realizare fizica si
functionare)

» Amplificatoare transimpedanta (parametri, scheme tipice, TIA in bucla
deschisa, cu reactie, diferentiale, control automat al castigului)

» Realizarea circuitelor pentru controlul emitatoarelor optice (parametri,
scheme tipice, controlul puterii, multiplexoare)

» Dispozitive de captare a energiei solare (principiu de functionare,
utilizare, proiectare )




Stabilized light source
Optical power meter
» Masurarea puterii si atenuarii

i
50
o
y
(0]
L
3
O ~
Q.
c =
®

Y

Optical signal
out
Laser diode
APC module
= Gutputpower level

[ controlclmu?t Power feed-back

time




Masurarea puterii si atenuarii

» Masuratoare referinta

ODF/FDF ODF/FDF

Fiber/network
to be measured

Stabilized light Power
source meter
T
leee@® o @O
Rack cable or Rack cable or
patch cord patch cord
q]] =iz 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
000000000

Stabilized light
source

.llee®e®

Rack cable or
patch cord

- 000000000
200000000

Power

meter Rack cable or
patch cord

ODF/FDF = Optical
Distribution Frame/
Fiber Distribution Field

Sensor




Masurare conectori si splice

» Se elimina efectele fibrei

Light | Optical power
source & { meter P, [dB]
Exciter fiber Exciter fiber
> 300m > 300m

Connector
to be
@ measured @}
Light Optical power
source Eu - meter P, [dB]
Exciter fiber Exciter fiber

>300m > 300m




OTDR

» Optical Time-Domain Reflectometer
» Localizarea defectelor

OTDR O - W Q

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




OTDR

» Optical time-domain reflectometer
» Localizarea defectelor

Fiber A

o OTDR # F#bze'
: Pulsed 23 O O
: loser Coupler A vas =
: ; iber
: Connector Splice end
Time .
: bose Detector :

> Vert

> Horiz




Rezultat grafic al OTDR

__Start pulse through Fresnel reflection

Fresnel

End pulse, “
reflection (4%)

.. Attenuation in the fiber [dB/km]

Loss in a fusion splice [dB]

Attenuation [dB]

-} - Connector loss [dB]

Cable end or
fiber break

Noise

Distance ortime ——»




Efecte vizibile OTDR

Attenuation
A

“\\\

A

dL

A

Distancey g




Efecte vizibile OTDR

Attenuation

A

1

'

Distance

AldB|=

AldB/km]= Plz_LPZ

panta curbei



Efecte vizibile OTDR - Splice

» splice loss - A(s)

Attenuation Fiber Splice Fiber
[dB]

Attenuation
[dB]

Splice ©

S I
|
y1=a;x+b

= --- —\L i — V1= 1
| o Slglslze Yo = aX+b, — l \»\\\\
Y2 ? i T Markers

i
|
|
|
|

-

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 @ 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
=
| | | [km]
Start pulse

B  “Deadzone”

Splice Connector End pulse
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OTDR

Distance

Typical OTDR Trace
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0 Fiber End
; No spike - shatteref-end
Launch Non-reflective Event Spikg - cleaved-en
Dead Zone Fusion Splice or Bend
Backscatter

Reflective Event
Mechanical Splice Connector




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 —
o Hackled




Lipire prin fuziune




Splice prin fuziune

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

= ] - - -]
-
g I T
Electrodes Create

a High Voltage Arc

ESTIM, LOSS
NEXT FPICTURE

Uik

Positioners Adjust in
the X, ¥ £ Directions
to Align Fibers

3. B dl

Step 1
Alignment,
control of
cutting angle
and cleanness Flber

Point
electrode

Flber
Point
electrode

Horizontal and vertical
alignment with an
accuracy of better than
1T m

Step 2
Prefusion

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

Step 3

Final adjustment
and fiber check

Step 4
Fusion in sequential process,

approx. 5 secs with a fusion
current of 10 - 20 mA

The finished fusion-
spliced fiber

()

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

p—



Splice mecanic - bloc V




Splice mecanic - bloc V

T T T T T

TSI

VY




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

—/ﬂs\ <9+1pum

N

Cladding
125+ 1 um

B
b L 4
Soft acrylate
] Woastolle o s

/ about 200 pm

\\'—:—//

—_—

b

_Hard acrylate

245+ 10 um

Optical ——
fibers

Tube —

—

Strain relief
(e.g., Kevlar)=

Inner >
jacket

Sheathm ",

jacket







Cabluri




Cabluri

= 144 fibers

12 x12-fiberribbons ~ [EEEEES

Finished cable with central strength
member and with six tubes with each tube
containing 144 fibers




Conectori

e
s

X :
<= k- poem
FC - APC/PM

“( fy

© E2000 - PC
E2000 - APC




Conectori

SC connector

ST connector

Fiber Jack

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

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

The SC uses a
push-pull connectar
similar to comman
audio and video
plugs and sockets.

The MIC i5 the
standard FDDI
connector.

The Fiber Jack
connector attaches
two fibers in a snap
lock connector
similar in size and
ease oOf LISe a5 an
RJ-45 connectaor.

MT-FJ is a popular
connector for two
fihers in a wery
small form factor.



Conectori

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

Fiber lindrical bushin Fiber Ferrule
I\ U J o with .
sl o
\ / Fiber
%% /
Cylind/rical Cyli\ndrical &\\\\\\\\\\\\\\\\\\\\\\\Q

ferrule ferrule




Conectori

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

» Ferula
semisferica
o 20mm

e Coupling nut

o 60mm / or bushing

The end surfaces are
. § !
pressed lightly ( ____________________________________________________ >
against each other in

the coupling nut

» Conectori multifibra




Expanded beam connector

- Connector Face

Parallel beam of rays
Fiber f g
/ : \\
Lens Cylindrical housing Lens
Hard alignment pin
BallLens c"“"er\;i:rr::: Ceramic
Hard AR Coating

[ 2
r




F I I I I Optical Fibers Metallic Cables

» FTTN: Fiber to the
node, neighborhood

» FTTC: Fiber to the
curb

» FTTB: Fiber to the
building

» FTTH: Fiber to the
home

IETTN

IETTC

“lFTTB

“FTTH




FDDI

» Fiber Distributed
Data Interface
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Cabluri, Conectori, rf-opto

rf-opto.etti.tuiasi.ro says

Request access!

Curs 3 OPTO 2020 (pdf, 9.01 MB, ro, 1n)
Curs 4 OPTO Fibra 2020 (pdf, 8.18 MB, ro, 1)
Curs Fibra (video, prezenta prin interfata examen) (mp4, 215.77 MB, ro, 11)

Textbooks

IBM Redbooks - Understanding Optical Communications (pdf, 5.24 MB, en, &)
Behzad Razaw Desngn of Integrated Circuits for Optical Commumcatlons (pdf 11.18 MB, en, =)

P17.62 MB, en, 83)

EU Photovoltaic Geograohlcal Informatlon System (PVGIS) (link, O Bytes, en, )

MIT Course - Fundamentals of Photovoltaics (link, 0 Bytes, en, &)

Laboratory

Laborator 1 (pdf, 159.01 KB, ro, 1)
Laborator 2 (pdf, 269.94 KB, ro, 1)
Laborator 3 (pdf, 143.82 KB, ro, 1)
Laborator 4 (pdf, 156.42 KB, ro, 1)
Laborator 5 (pdf, 161.33 KB, ro, 1)
Laborator 6 (pdf, 138.19 KB, ro, 1)
Laborator 7 (pdf, 139.17 KB, ro, 1)




Contact

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

p—
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