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» La facultate, profesorul intreaba:

— Intrebare de "nota 10": cum ma numesc?
Toti tac.

- Intrebare de "nota 8": la ce obiect aveti examen?
Toti tac.

— Intrebare de "nota 5": ce culoare are manualul
(site—ul laboratorului)?

Din ultimele randuri se aude o voce:
- Vrea sa ne pice magaru'!




Disciplina 2019/2020

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

» Curs - conf. Radu Damian
> an IV uE
> Vineri 8-11, P5
- E-70% din nota
- 20% test la curs, saptamana 4-5?
- probleme + (? 1 subiect teorie) + (2p prez. curs)
- toate materialele permise

» Laborator - sl. Daniel Matasaru
>an IV uE

- Joi 8-14 impar
o L - 30% din nota (+Caiet de laborator)




Orar 2019/2020

» Curs
> Vineri 811, P5
o 2C = 3C
- 14%2/3 = 9.33

- 9+-10C=9C+ E

.
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Tehnologie

Detection

BLUE = RADAR Application

ORANGE = Ultrasonic 3 }




Tehnologie
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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 )




Bibliografie

» http://rf-opto.etti.tuiasi.ro

» Irinel Casian-Botez, "Structuri Optoelectronice”,
Ed. "CANOVA", lasi 2001, ISBN 973-96099-2-9

» Behzad Razavi - Design of Integrated Circuits for
Optical Communications, Mc Graw Hill

» IBM - Understanding Optical Communications:
on-line http://www.redbooks.ibm.com

» Radu Damian, | Casian, D Matasaru -
,Comunicatii Optice” , Indrumar de laborator,
2005
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rf-opto.etti.tuiasi.ro/optoelectroni

Main Courses Master Staff Research Students Admin

Optoelectronics
Course: OPTO (2019-2020)

Course Coordinator: Assoc.P. Dr. Radu-Florin Damian
Code: DID405M

Discipline Type: DID; Required, Domain

Credits: 4

Enroliment Year: 4, Sem. 8

Activities

Course: Instructor: Assoc.P. Dr. Radu-Florin Damian, 2 Hours/Week, Specialization Section, Timetable:
Laboratory: Instructor: Assist.P. Dr. Petre-Daniel Matasaru, 1 Hours/Week, Group, Timetable:

Evaluation
Type: Colloquium

A: 50%, (Test/Colloquium)
B: 30%, (Seminary/Laboratory/Project Activity)
C: 20%, (Tests during semester)

Previous years

2018-2019 2017-2018 2016-2017 2015-2016 2014-2015 More years...

Server-ul “rf-opto” pastreaza istoricul materialelor pentru anii anteriori
Alegeti anul recent corespunzator pentru vizualizare sau "More years" pentru a afisa mai muilti ani din istoric




Documentatie

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

» Fotografie

> de trimis prin email: rdamian@etti.tuiasi.ro
> necesara la laborator/curs

.



|Istoric

Optoelectronics
Course: OPTO (2019-2020)

Course Coordinator: Assoc.P. Dr. Radu-Florin Damian
Code: DID405M

Discipline Type: DID; Required, Domain

Credits: 4

Enrollment Year: 4, Sem. 8

Activities

Course: Instructor: Assoc.P. Dr. Radu-Florin Damian, 2 Hours/Week, Specialization Section, Timetable:
Laboratory: Instructor: Assist.P. Dr. Petre-Daniel Matasaru, 1 Hours/Week, Group, Timetable:

Evaluation

Type: Colloquium

A: 50%, (Test/Colloquium)
B. 30%, (Semmary/Laboratory/PrOJect Activity)

2014-2015 More years...

Server-ul "rf-opto” pastreaza istoricul materialelor pentru anii aneriori
Alegeti anul recent corespunzator pentru vizualizare sau "More years" pentru a afisa mai multi ani din istoric




Istoric 2004-2019

Previous years

2018-2019 2017-2018 2016-2017 2015-2016 2014-2015 More years...

Optoelectronics

Course: OPTO (2018-2019)

Course Coordinator: Assoc.P. Dr. Radu-Florin Damian
Code: DIS405M

Discipline Type: DID; Required, Domain

Credits: 3

Enrollment Year: 4, Sem. 8

Activities

Course: Instructor: Assoc.P. Dr. Radu-Florin Damian, 2 Hours/Week, Specialization S¢
Laboratory: Instructor: Assist.P. Dr. Petre-Daniel Matasaru, 1 Hours/Week, Group, Ti

Evaluation

Type: Colloguium

A: 50%, (Test/Colloguium)

B: 30%, (Seminary/Laboratory/Project Activity)
C: 20%, (Tests during semester)

Grades

Aggregate Results

Attendance

Previous years

2018-2019 2017-2018 2016-2017 2015-2016 2014-2015

Optoelectronics, Structures, Technologies, Circuits

Course: OSTC (2013-2014)

Course Coordinator: Assoc.P. Dr. Radu-Florin Damian
Code: DIS405M

Discipline Type: DIS; Required, Specialty

Credits: 4

Enrollment Year: 4, Sem. 7

Activities

Course: Instructor: Assoc.P. Dr. Radu-Florin Damian, 2 Hours/Week, Specialization Section, Timetable:
Laboratory: Instructor: Assist.P. Dr. Petre-Daniel Matasaru, 1 Hours/Week, Half Group, Timetable:

Evaluation

Type: Colloguium

A: 66%, (Test/Colloquium)

B: 17%, (Seminary/Laboratory/Project Activity)
D: 17%, (Homework/Specialty papers)
Grades

Aggregate Results

Materials

2013-2014

012-20

-t



Fotografii

Date:

Grupa 5304 (2015/2016)
Specializarea Tehnologii si sisteme de telecomunicatii
Marca 5184

Date:

Trimite email acestui student | Adauga acest student la lista (0)

Grupa 5304 (2015/2016)

Specializarea Tehnologii si sisteme de telecomunicatii

Detalii curente Observatii Marca 5184

=
;,.
Finantare Buget m ﬁ

Acceseaza ca acest student

Bursa Fara Bursa

Note obtinute
Date:

Grupa 5304 (2015/2016)
Specializarea Tehnologii si sisteme de telecomunicatii
Marca 5244

Trimite email acestui student | Adauga acest student la lista (0)

17/01/2014 Tema Tehnologii Web 2013/2014

Detalii curente Observatii

Finantare Buget

Bursa Bursa de Studii

LRERRRRN




Fotografii
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Date:

Grupa 5304 (2015/2016)
Specializarea Tehnologii si sisteme de telecomunicatii
Marca 5184

<

Acceseaza ca acest student

=

Note obtinute

Discipina ip|bata_[Descriere [Nt uncte]obs,
fomoogiwe |

Tehnologii Web
N 17/01/2014 Nota finala 10 =

A 17/01/2014 Colocviu Tehnologii Web 2013/2014 10 7.55
B  17/01/2014 Laborator Tehnologii Web 2013/2014 9 -
D 17/01/2014 Tema Tehnologii Web 2013/2014 9 =

Nume

mail

Trimite
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Bonus

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)

S ) e e e e e g Y

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 pat intra in examen
Bonus-Un acumulate

» Minim 7 prezente
» 0.5p/2(3)prez

» 3 teste

» foto <C3/<C5




Examen

» subiecte individuale

» Note
- 2007: 9.67+0.66/8.81+1.22
- 2008: 6.24+1.36/ 4.82+2.10
- 2009: 5.10%1.46
- 2010: 3.89+1.32

» La prima aplicare (neanuntata)
> 50% din studenti au parasit examenul in primele 10 minute
> 50% din cei ramasi nu au promovat
- promovabilitate totala 25%, rata contestatiilor: 0%

» Urmatoarele examinari (anuntate)

> rata contestatiilor: 0%







Examen

» subiecte individuale

.



Note

» 2018/2019

24 24
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6 I 6
o == I o = II II L]
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Laborator OPTO Partial OPTO (s5-6)
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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]




Introducere
Capitolul T




Aplicatii majore

» Comunicatii
o Infrarosu (InGaAsP)

» Vizibil
- Spectru vizibil (GaAlAs)

» lluminare
> Putere ridicata, lumina alba (GalnN)




Evolutia latimii de banda utilizata
in retelele de telecomunicatii

Incarcare

relativa Total; 35%/an
50

40

30

20

Voce: 10%/an Sursa;
10

OOOOOOOOOOO

1990 1995 2000 2005 2010 An




Evolutia latimii de banda

- 22% CAGR
2015-2020
200

150
Exabytes

0
2015 2016 2017 2018 2019 2020

o

Year Global Internet Traffic

1992 100 GB per day
1997 100 GB per hour
2002 100 GBps

2007 2,000 GBps
2015 20,235 GBps
2020 61,386 GBps

Source: Cisco VNI, 2016




Utilizatori Internet in EU

European Union - Top 10 Internet Countries
December 31, 2014

Germany == R .
united kingdom Z1 | 57
rance LN N 5.
raty [N [ 5.
spain e [N 5.
poland wel [N 257
Hetherlands o [N 16.1
romania [ M 112
gelgium IR I 22
Sweden :_= - 9.2
0 10 20 30 40 50 60 70

Millions of Users

Source: InternetWarld Stats - www.internetworldstats . comistats . htm
398 872 533 estimated EL Internet users for 201404
Copyright@ 2015, Miniwatts Marketing Group



Rata de penetrare in EU 2007

Penetration (% Population)
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Rata de penetrare in EU 2014

Penetration (% Population)
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Crestere 2000-2007

User Growth (2000-2007)
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Crestere 2007-2014

User Growth (2007-2014)
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Crestere 2007-2014

Penetration Growth (2007-2014)
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Internet Backbone
| Nofwa_y\(-— P

Sweden

Denmark
Netherlands

) Poland
Germany
Czech Republic

Romania
Turkey

Mexico

video, servicii
‘g zilnic prin
re infrastruc-
1asiv de date?
ma destul de
Im si posibile
Liniile reprezinta

fluxul de date dintre tari -

grosimea liniei e direct
proportionala cu cantitatea de
date transmisa.




Avantajele comunicatiilor prin fibra
optica - 1

» Greutate si volum

» Costul materialelor primare
- Si0,/Cu
» Capacitate de transmisie a informatiei f~200THz
> 15.5 Thit/s @ 7000 km, 69.1Tbh/s @ 240km
> 159 Th/s @ 1045 km
- Banda (Viteza) x Distanta [MHz-km] [ ? MHz/km]
» Lipsa conexiunilor electrice
- Bucle de masa (1-2V/km)
- Siguranta in exploatare
> Imunitate la fulgere/lipsa scanteilor




Avantajele comunicatiilor prin fibra
optica - 2

» Imunitate la interferenta electromagnetica

» Distanta intre repetoare

> 100km/2-5km

» Posibilitate de crestere a capacitatii de
transmisie a informatiei
- Teoretic extrem de mare (aproape infinita) f~200THz
- Reutilizarea cablurilor existente

» Securitate

> Interceptare dificila si detectabila
> Inserare de semnal practic imposibila




Dezavantajele comunicatiilor prin
fibra optica

» Conexiuni complexe si esentiale

- Costul circuitelor integrate cresut considerabil de
cuplarea luminii in fibra

» Curbarea cablurilor optice
» Dezvoltarea greoaie a standardelor

» Optica folosita strict pentru transmisie
(aproape)
- EDFA - Erbidium Dopped Fiber Amplifier

» Sensibilitate la radiatii gama si campuri
electrice intense

» Rozatoare si termite




Esantionare

P
C

» pulse-position modulation
» pulse-duration modulation
» pulse-code modulation (PCM)

Analog signal
o N B O ®

Time

» esantionare (Nyquist)

f.>2.Af

|

|

l

I

» - I

» cuantizare M intervale [
. 4 7 7 5 6 5

discrete 5 |

|

|

|

|

|

N A OO

LT T

Quantized sample

Time

S
&

» zgomot de cuantizare

» minimizat

Digital bit stream

TR Time

—
o
~




Esantionare Lo

» pulse-code modulation (PCM)
» cuantizare M intervale discrete, codificate
cu m biti
M=2"
» viteza necesara (bit rate) [b/s]

H
00000
o0

B=m-f, >(2Af)-log, M .

1,0

A, P ax log,10 ~ 3.33
M > & SNR [dB]=10-log,, =20-log,, | — 0g,lU=o.
Ay Py Ay

B > (Af /3)-SNR

» telefonie: 3.1kHz @ SNR=30dB
» B=31kb/s (64kb/s)

» televiziune: 4MHz @ SNR=50dB
» B=66Mb/s (100Mb/s)




Modulare

A
» return-to-zero (R2)
» nonreturn-to-zero (NRZ) §, !
~
(0 ed
—
| : | I : Time
(a)
¢ | | | : |
A l | l
| l | I I
®
&
n
o
=
0 1 0 1 1 J 0
i

Time




Transmisia optica

-<—Transmitter—— -—— Recejver—»

Connector onnector
s Q\ Glass Fibre yp

AModuIatorﬂgW/—w{% Amplifier
A |
Light SOUF(*TG Light Sengor | Detector}—

| (Detectdlr) 1

|
~— Electricity > Light > Electricity—




Multiplexare

» TDM
> time-division
multiplexing
» FDM
- frequency-division
multiplexing
» Realizabila in
domeniul
electric/optic
» WDM

- wavelength division
multiplexing

Amplitude

Amplitude

._.
o

p
w
\

I

e — e — — —— —— ——

—
N
e w— e — — — — —

Channel 1 Channel 2 Channel 3

Vv

Frequency
()



Spectrul WDM - Wavelength

Division Multiplexing

Canale: 16

Spatiere: 0.8 nm

Emisie spontana
Amplificata (ASE)

~RL|{+0.00 dE
5.0 dB/|DIV
et
1545 nm 1565 nm



Standarde

» SUA, Japonia

SONET | SDH B (Mb/s) | Channels
OC-1 51.84 672
OC-3 STM-1 155.52 2,016
OC-12 | STM-4 622.08 8,064
0C-48 | STM-16 2,488.32 32,256
OC-192 | STM-64 9,953.28 | 129,024
OC-768 | STM-256 | 39,813.12 | 516,096

» inlocuit de

» SONET - synchronous optical network

» SDH - synchronous digital hierarchy




Standarde

» SUA

STS-1 and OC-1 51.840 Mb/s

STS-3 and OC-3 155.52Mb/s same as STM-1

STS-9 and OC-9 466.56 Mb/s

STS-12 and OC-12 622.08 Mb/s same as STM-4

STS-18 and OC-18 933.12Mb/s

STS-24 and OC-24 1244.16 Mb/s same as STM-§

STS-36 and OC-36 1866.24 Mb/s

STS-48 and OC-48 2488.32 Mb/s same as STM-16

STS-192 and OC-192 9953.28 Mb/s same as STM-64

STS-256 and OC-256 13271.04 Mb/s same as STM-86

STS-768 and OC-768 39813.12Mb/s same as STM-256

STS-3072 and OC-3072 159252.48 Mb/s same as STM-1024

STS-12288 and OC-12288 639009.92 Mb/s same as STM-4006

» Europa
1 mile=1760 yards

EO 64 Kb/s
El 2.048 Mb/s
E2 8448 Mbis 4E1s 1 yards=3 feet
E3 34.364 Mb/s 16 Els

E4 139.264 Mb/s 64 Els 1 milex1609.34 m




Spectrul electromagnetic

Radio Radar IR Light UV X-rays y-rays
VLW MW FM Mobile
LW sSwW TV  Sat TV
| | | ] | | | | | | | | | | | | | | | | | | |
| | | — | | | T | | | | 1 | | | T | | | —
100 101 103 108 109 1012 1015 1018 1021 [Hz]
1625 - 1300 850
| | | | | |
| | | | | |
2000 1600 1200 800 400 [nm]
Infrared light [IR] Ultra violet hight [UWV]
(Communicatio Visible light (Cutling)
(Entertainment)
760 nm 390 nm




Benzi de lucru in comunicatiile
optice

. 193 229 353 461 THz
Frecventa < ; : ; ; >
Lungime —t "ttt
de und3a 1.8 16:1.4:1.2 1.0 08 06 0.4 0.2 uym
vid) Laseri HeNe
Longhaul Telecom > 633 nm

1550 nm :
Regional Telecom ! : CD Player
1310 nm . 780 nm
Local Area Networks ) :

850 nm




Atenuarea 1n fibra optica (SiO,)

Attenuation
A [dB/Km]

100 The five (six)
optical windows.

10 —

1
Rayleigh Wave-
scattering IR length
absorption (nm)

| | | — -

400 800 1200 1600 7 I‘. j !

=

First Window

W

850nm, 1310nm, 1550nm

[

Optical Loss (dB/km)

| J S — — —
0.7 0.8 0.9 1.0 1.1 1.2 1.3 14 1.5 1.6 1.7 1.8 1.9 2.0

Wavelength (pm)




Aplicatii majore

» Comunicatii
o Infrarosu (InGaAsP)

» Vizibil
> Spectru vizibil (GaAlAs)

» lluminare
> Putere ridicata, lumina alba (GalnN)




Eficienta

» Bec cu incadescenta
- 16 Im/W

» Tub fluorescent
> 100 Im/W

» LED
- curent: 250 Im/W
- curand: 300 Im/W




Premiul Nobel, Fizica, 2014

Nobelprisel 1+ fysik 2014 The Nobel Prize in Physics 2014

" Nobelpriset i fysik 2014 @_N»«w

VETENSKAPS
AKADEMIEN

Isamu Akasaki Hiroshi Amano Shuji Nakamura
Mego Universty, Nagoya, Japan  Nagoya University, Japan Unverstty of Caidoma
Nagoya University, Japan Santa Barbara, CA USA

Yor uppfinningen av effektiva bla lysdioder vilka méjliggjort jusstarka och energisnaia vita juskalior

“for the invention of efficient blue light-emitting diodes which has enabied bright and energy-saving white light sources”

2014.70-87 O Nung! Jetannkasssk sdermien




Eficienta in timp

100 /F

«~—fluorescent 1

AllInGaP/GaP

R (red, orange, yellow) ]
\ J

AlInGaP/GaP 4

[ —Unfiltered incandescent (red, orange)

—Yellow filtered incandescent

ju—y
[—

DH AlGaAs/AlGaAs
(red)

InGaN
L —Red filtered incandescent AlGaAs/GaAs (blue) 4

R GaAsP:N
—Thomas Edison's  (red, yellow)

first bulb

Performance (Lumens/Watt)

[ GaP:Zn,0
[ red)
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Aplicatii




Aplicati




Aplicatii majore

» Comunicatii
o Infrarosu (InGaAsP)

» Vizibil
- Spectru vizibil (GaAlAs)

» lluminare
> Putere ridicata, lumina alba (GalnN)




ITU-R BT.709

ITU-R BT.709 phosphor properties
Phosphor X y
Red 0.640 0.330
Green 0.300 0.600
Blue 0.150 0.060

Data refers to xy chromaticity co-ordinates of [TU-R BT.709 phosphors
which are used in most CRT displays [1].

0.9

0.8

% 700




Spectru vizibil




2856 K Halogen Lamp

RGB values for Luxeon LEDs

Bt Do LED color Dominant wavelength RGB values
840 Ap (nm)
Royal blue 455 0.05, 0.00, 0.95
Blue 470 0.00,0.11,0.89
Cyan 505 0.00, 0.63, 0.37
Green 530 0.00,0.77,0.23
__ Amber 590 0.70, 0.30, 0.00
Color Coordinatex Red-Orange 615 0.97,0.00, 0.03

Red 625 0.92,0.00, 0.08



Modelarea luminii

(tot) Capitolul 1




Modelarea luminii

» Unda electromagnetica
> Ecuatiile lui Maxwell
° N, &, 0,f
» Teoria cuantica
- Benzi energetice E=hv
- fotoni, emisie stimulata, LASER
» Optica geometrica
> n, 0
- raze de lumina
> intuitiva




Unda electromagnetica

» Dispersie
» Fibre monomod
» Interferenta

» Polarizare




Fotoni/Unda

Monochromatic Colhehfent
Light ight
R— -
— —=
— S

Small slits

<A
Excited state
AN R Ay e —
S TE &
";t}’ ‘%‘" 1 Oluipast gain phatons
Ground siate plus signal pholon

Spmuun amisaion noaise Gaif
(158 < < 1.56)




curse of the elephant man
premier episode
sunday 8pm

SC' HD

Through the Wormhole
SO02E07 How Does the Universe Work




Model cuantic - foton

A

& Electron in

“ / excited state

>
> 2
& = i _
® c 2N N
= o 0 / y E=hv
o & /
3] o \\/
- i
L Electron in a
v lower energy
“ state

After

» h constanta lui Plank
1.240 6.62-10-32 Ws?2

o=y A= ﬂ[”m]:E lev] » cviteza luminii in vid
2.998-108m/s

Cladding
Core l I FIwn}nI

Claddin
g Part of wave extends into cladding




Through the Wormhole
SO02E07 How Does the Universe Work




Modelare

Through the Wormhole
S02E07 How Does the Universe Work

Cladding

Core I

o
-g-?-

Cladding

Part of wave extends into cladding




Optica geometrica

et
\ |
| -~
Light Reflected
from Surface
A Light Gradually
‘. Leaks Out

A

Water Flowing Out of Basin

Y

Fi F>
- — - - — -y ——>
- a - b >

N

Normal >

na




Lumina ca unda

electromagnetica
Capitolul 2




Ecuatiile lui Maxwell

oB » Ecuatii constitutive
VxE=——

ot D=¢-E
VxH :@+J B=u-H

ot J=0o-E
V.-D=p » In vid
V.B=0 Ly =47 %107 H/m
o £, =8,854x1072 F/m

ot ¢, = ~299790-10°m/s

Véo " Ho




Modele matematice

» cazuri particulare in care exista rezolvare

analitica
- semnale cu variatie armonica in timp, transformata
Fourier, spectru

X=Xe" L ojox ge)=] ft)ed f(t)=] 9(e)-edo

1.5
A oA MA N NN M 1.0 HiAd FA
II .\l"".__"'”" /

|II fhn,. £ - H 05 { \ {
|I . |I \ /

., |
) 1 b
\ 0.0 T \ 2m
I'u-‘\ I -_’__z' \
o 0.5

<
¢
S
4
Amplitude
L]

) N

-1.5




Modele matematice
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Modele matematic
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Campuri electromagnetic cu
variatie armonica in timp

X=Xe"" —=j-woX
» Simplificarea ecuatiilor lui Maxwell

V2E + 0’cuE = joul +1vp » Ecuatiile Helmoltz sau
d ecuatiile de propagare

Mediu lipsit de sarcini electrice

V°H + o’suH =—V xJ

P
v E_g VZE—]/ZEZO

V-H=0

V*H -»*H =0
¥ =—0’su+ jouc

vy — Constanta de propagare




Solutia ecuatiilor de propagare

Camp electric dupa directia Oy, € prin alegerea judicioasa
propagare dupa directia Oz < a sistemului de referinta

—v.7 .z
E,=E. e’ +E ¢

y:\/—a)zg,u+ Jouo =a+j-p
XPropagare Exista numai unda progresiva E,=> A

Ey _ pplariB)z

(1 1Y EEee—
1 i

Z-axis

(time) E — Ae %7 .ej(a}t—,b’-z)
y
Polarizare circulara I'd'/

(variatie in timp si spatiu)

Atenuare




Modele matematice

» cazuri particulare in care exista rezolvare analitica

> unda
- incidenta
- reflectata
> unda E,=E*.e @ .el0t/7) L g gat pllotts7)
- directa
. inversa E, =E,.e7*+ El_e”—>|:l—>EOUT —E, e’ +E, e

E e’ —>D—> E, e’
E < >EOUT
E e’ —>D—> E, e’




Atenuarea pe 1 km in SiO,

> B \ /___ Characteristics of
Ad5 1 4,,3(_. —— early fibre

fo)

=

Short Medium S

ongwave 9O

3 4B Wave Wave Bard / ©

and Band ; =

R - g

2dB | <
1dB

800 1000 1200 1400 1600 1800

Wavelength (nm)




Atenuare

Ey(Zl) = Ct. e_a'zl .e J(a)t_ﬁzl) Ey(22 ) — Ct e—a'ZZ e j(a)t—,Bzz)
W,P~[E?

P2 _ Ct2 ,e_za-ZZ _ e_za'(zz_zj-)

Pl C'[Z .e—2a~zl

AldB]=10log % =10log,g [e—ZOf'(Zz—Zl)]
1
A[dB]=-20-a-(z, — 7 )log;ge =—8.686- - (2, — ;)

A/ L[dB/km]=—-8.686-a <0

» Atenuarea se exprima de obicei in dB/km
» de obicei valori pozitive
» semnul = implicit

A—




Parametri de propagare

VxE=—jou-H
H = J7-Ey
! OH
¥ Mediu fara pierderi, 6 =0 Y= Jw-\ U
n :E _ |H Impedanta intrinseca a mediului
H £

X

E,=Ae™ .el@t=$2)  punctele de faza constanta: (w-t—f3-z)= const

Viteza de f 92 _o_ 1
iteza de faza - _r_ -
dt B Jeu
Viteza de grup v = dz _dow n medil dispersive unde b= p(o)




Parametri de propagare

» In vid
770=1/&=377Q V=V, =C, ¢y= L 299790108 m/s
€0 Véo Mo
PR pom 1
g f w f
Periodicitate in spatiu Periodicitate in timp
» In mediu nedispersiv g,
o 1 1 G
VE My A EeEr o \/E
N=,/¢  Indice de refractie al mediului C:C—O x
n
Tzz_ﬂzi ,1:2_7[23 2= %0 _ A

f g n-f n

Q



Parametri, dependenta de mediu

/ﬂo _ 1 8
— |29 3770 Cy = =2,99790 -10° m/s
To Eo ° Véo Mo

ITU G.692

"the allowed channel frequencies are based on a 50
GHz grid with the reference frequency at 193.10 THz
SI

"a source that emits monochromatic radiation of
frequency 540-10'2 HZ"




Limite putere/banda a
dispozitivelor optoelectronice

Power Power
[mW] [dBm]
10mW +10

Laser@iodes \
TmW — ]
. LEDs ‘\\ - 10
_ \ L 20
THW — — -30
— — -40
— — -50
Modetectable Signal
TnW T T T -60
™ 10M 100M 1G 10G
Bitmate [hit/s]




Contact

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

.



