Optoelectronica

Curs 2
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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)

(o]

o

(o]

(o]




Orar 2023/2024

» Curs
- Marti 14(:10)-16:00, P8
-2C=-3C
- |47'<2z3 ~ 933
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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 )

* _ VP




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

John Powers - An Introduction to Fiber Optic Systems

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

Radu Damian, | Casian, D Matasaru - ,Comunicatii
Optice” , Indrumar de laborator, 2005

MIT Course - Fundamentals of Photovoltaics,
https://ocw.mit.edu
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Documentatie

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

Crecits Wookly | Examination vk |

Shortotcode e
DCMR

=
1 Microwave Devices and Circuits for Radiocommunications DOS412T  DOS 4 0P,1L,0S,2C Exam
2 Monolithic Microwave Integrated Circuits CIMM  RD.IA.207 DOMS 11 6 1.5,05,2C,0P Exam
3 Advanced Techniques in the Design of the Radio-communications Systems TAPSR  RD.JA.103 DIMS 9 6 1.5R0L,05,2C Exam
4  Optical Communications co DOS409T DOS 74 5 0R,1L,05,3C Colloguiu
5 Optical Communications ocC EDOS409T DOS 7, 5 0P,1L,0S,3C Exam
6 Satellite Communications cs RCIA.104 DIMS S 6 0L,052C,1.5P Exam
7 Applied Informatics 1 IA1 DOF135 DOF 1 4 0P,1L,05,2C Verificatig
8 Applied Informatics 1 All EDOF135 DOF 1 4 0P,1L,05,2C Verificatic
9 Databases, Web Programming and Interfacing DWPI ITLIA601 DIS 1 5 1P,1L,0.255,1C  Verificatig
10 Web Applications Design PAW RCIA.108 DIMS 10 5 1L,05,1.5C,1P  Exam
11 Optoelectronics OPTO DID405M DID 8 4 0R,1L,0S,2C Colloguiu
4

12 Microwave Devices and Circuits for Radiocommunications (English) MDCR  EDOS412T DOS 8 0R,1L,0S,2C Exam




Documentatie

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

» Fotografie
- “*axamen” online
- necesara la laborator/curs

p—



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 <C4/<C6




Online

» acces la examene necesita parola primita prin
email

5= English | I' Romana |

Start Didactic Master

Colectiv
Start Didactic Master

Colectiv Cercetare Stug

Identifcare

Introduceti nymele si adresa de email utilizata la inscriere
Nume
PQPESCU GQ 0
Date:
Fotografia
nu exista Grupa 5700 (2019/2020)
Specializarea Inginerie electronica si telecomunicatii
Marca 7000021

"\

Acceseaza ca acest student |

Introduceti codul
re acces la licente afisat maiv jOS
Note obtinute

Inca nu a fost notat.

'7Tn'mite7‘




Online

» acces email/parola

Start Didactic Master Colectiv St Didache  Master  Crlactiv

Note  ListaStudenti  Examene  Fotografii

POPESCU GOPO ION POPESCU GOPO ION

Date: Date:

Fotografia z Fotografia :

nu exista Grupa 5700 {2019/2020} nu exista Grupa 5700 (2019/2020)
Specializarea Inginerie electronic Specializarea Inginerie electronica s
Marca 7000021 Marca 7000021

Se acceseaza site-ul(acest student! > Se acceseaza siteﬂé acest student (inclusiv examene)! >




Parola

» primita prin email
C Important message from RF@ Inbox x

Radu-Florin Damian
to me, POPESCU ~

X5 Romanian ~ > English ~ Translate message

Laboratorul de Microunde si Optoelectronica
Facultatea de Electronica, Telecomunicatii si Tehnologia Informatiei
Universitatea Tehnica "Gh. Asachi” Iasi

L

In atentia: POPESCU GOPO ION

Parola pentru a accesa examenele pe server-ul rf-opto este

Identificati-va pe server, cu parola, cat mai rapid, pentru confirmare.

Memorati acest mesaj intr-un loc sigur, pentru utilizare ulterioara

Attention: POPESCU GOPO ION

The password to access the exams on the rf-opto server is
Password:

Login to the server, with this password, as soon as possible, for confirmation.

Save this message in a safe place for later use

4. Reply 4 Reply all ®» Forward

At x @ Subject o9 Correspondents
mportant message from RF-OPTO « =p POPESCU GOPO ION
Validation'© om 02/05/2020

L P . = Momanrocis mana o

From Me <rdamian@etti.tuiasi.ro> #r

Laboratorul de Microunde si Optoelectronica
Facultatea de Electronica, Telecomunicatii si Tehnologia Informatiei
Universitatea Tehnica "Gh. Asachi" lasi

In atentia: POPESCU GOPO ION

Parola pentru a accesa examenele pe server-ul rf-opto este

Parolo: UMD

Identificati-va pe server, cu parola, cat mai rapid, pentru confirmare.

Memorati acest mesaj intr-un loc sigur, pentru utilizare ulterioara

Attention: POPESCU GOPO ION

The password to access the exams on the rf-opto server is

Password: QU

Login to the server, with this password, as soon as possible, for confirmation.

Save this message in a safe place for later use



Adrese email-/

» Sefii de grupa!
> lista cu adrese de email utilizate de toti studentii
care doresc acces la toate informatiile de pe site
- poate fi @student.etti.tuiasi.ro (@gmail @yahoo etc.)
- —=> rdamian@etti.tuiasi.ro




Manual examen online

» Aplicatia de examen online utilizata la:
—curs{prezenta)

—aexaeh

Materials

Other dats

Manual examen on-line (pdf, 2.6
Simulare Examen (video) (mp4, 65

(B, ro, 11)
2 MB, ro, 1)

Microwave Devices and Circuits (Enalis




Introducere
Capitolul 1




Aplicatii majore

» Comunicatii
> Infrarosu (InGaAsP)

» Vizibil

> Spectru vizibil (GaAlAs)
» luminare

> Putere ridicata, lumina alba (GalnN)
» Energie solara

- Efect fotovoltaic (Si)




Aplicatii majore

» Comunicatii

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

» Energie solara
- Efect fotovoltaic (Si)




Internet

Backbone

Key

M figeres sre gavan is miliare qf
minitss o SalgtammUmSEans
trafh bar the public teleshoss
etk

Tha map shows ol
route with 8
2 o mora thas

Il Trafic Flows

I
gop S0 3W
Millos Minutas

Enc® hasd & propord
total anneal irac o
bane  netaurk
ns beawesn each
[ ]

O Total Outgoing Traffic

A0
1.0m
50

Wilicn Mingtet

wwn ol sach  ciche

@i h sy,

d 16 to the walime of §
total asnwal cutgaing treffic fom

it

=g Balance of Traffic

On reutes whens rafc s gne
directian accausts fr moe gan
0 percant of the Balal, a5 amaw
shows the drection mes of the
Iraffe Aeawe




Aplicatii majore

» Comunicatii
> Infrarosu (InGaAsP)

» Vizibil

> Spectru vizibil (GaAlAs)
» lluminare
> Putere ridicata, lumina alba (GalnN)

» Energie solara
- Efect fotovoltaic (Si)




Spectru vizibil




Aplicatii majore

» Comunicatii
> Infrarosu (InGaAsP)

» Vizibil
> Spectru vizibil (GaAlAs)
» luminare

> Putere ridicata, lumina alba (GalnN)

» Energie solara
- Efect fotovoltaic (Si)
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Aplicatii majore

» Comunicatii
> Infrarosu (InGaAsP)

» Vizibil
> Spectru vizibil (GaAlAs)

» lluminare
> Putere ridicata, lumina alba (GalnN)

» Energie solara

- Efect fotovoltaic (Si)







Aplicatii majore

» Comunicatii

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

» Energie solara
- Efect fotovoltaic (Si)




Evolutia latimii de banda utilizata
in retelele de telecomunicatii

Incarcare

relativa Total; 35%/an
50

40

30

20

Voce: 10%/an Sursa:
10
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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
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Internet ackbone

Norway ¢ Finland
L) Russia

Denmark
Netherlands

(. Poland
Germany
Czech Republic

Mexico

video, servicii
‘g zilnic prin
re infrastruc-
)asiv 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.

150 50 15




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, 69.1Tb/s @ 240km
> 159 Tb/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




Modulare

A
» return-to-zero (RZ)
» nonreturn-to-zero (NRZ) §, !
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Transmisia optica

~<—[ransmitter— <—— Recejver—»
Connector onnector
UL C\_ Glass Fibre yp
—Modulator— @W\\/——/—ﬂﬁ—Ampliﬁer
. /| / I
Light Source Light Sensor—»| Detector|—
| (Detectdlr) M1

~<—Electricity ’:‘ Light > Electricity—




Multiplexare

» TDM
> time-division
multiplexing

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

- wavelength division
multiplexing

Amplitude

Amplitude

15 ps
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o
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/
Y
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fe - e e - c— —— ——
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Time

Channel 1 Channel 2 Channel 3
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Frequency
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Spectrul WDM - Wavelength
Division Multiplexing

RL|+0.00 dBm
5.0 dB/|DIV
Canale: 16
Spatiere: 0.8 nm
Emisie spontana ﬁ W“ u L\\
Amplificata (ASE) .

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

» Euro

1 mile=1760 yards

64 Kb/s

El 2 (48 Mb/s
E2 Py 4Els 1 yards=3 feet
E3 4 Mb/s 16 Els

139.264 Mb/s

1 milex<1609.34 m




Spectrul electromagnetic

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




Benzi de lucru in comunicatiile
optice

o 193 229 353 46]1 THz
Frecventa < ; i ; ; >
Lungime D D D S D S S DS D D —
de unda 1.8 16 1.4 1.2 1.0 0.8 Q.6 0.4 0.2 pm
vid) : : : Laseri HeNe
Longhaul Telecom > 633 nm

1550 nm: ’
Regional Telecom ! : CD Player
1310 nm ;780 nm
Local Area Networks g :

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

5

Optical Loss (dB/km)

| [ S — — —
0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0

Wavelength (pm)




Aplicatii majore

» Comunicatii
> Infrarosu (InGaAsP)

» Vizibil
> Spectru vizibil (GaAlAs)
» luminare

> Putere ridicata, lumina alba (GalnN)

» Energie solara
- Efect fotovoltaic (Si)




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

Physics @  TheNobel Prize in Physics 2014 Summary

The Nobel Prize in Physics 2014

Isamu Akasaki
Hiroshi Amano
Shuji Nakamura

Share this

I v M

Isamu Akasaki Hiroshi Amano Shuji Nakamura

Prize share: 1/3 Prize share: 1/3 Prize share: 1/3

The Nobel Prize in Physics 2014 was awarded jointly
to Isamu Akasaki, Hiroshi Amano and Shuji
Nakamura "for the invention of efficient blue light-
emitting diodes which has enabled bright and
energy-saving white light sources."




Eficienta in timp
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~—fluorescent b
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—
(—
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(red)

InGaN
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first bulb
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Aplicatii
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Aplicatii

» casnic




Aplicatii

» iluminat public




Aplicatii




Aplicatii majore

» Comunicatii
> Infrarosu (InGaAsP)

» Vizibil

> Spectru vizibil (GaAlAs)
» lluminare
> Putere ridicata, lumina alba (GalnN)

» Energie solara
- Efect fotovoltaic (Si)




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




Spectru vizibil




2856 K Halogen Lamp

RGB values for Luxeon LEDs

Y Dayiont ocs LED color Dominant wavelength RGB values
Ap (hm)
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 R€d-0Orange 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, O
- raze de lumina
> intuitiva




Unda electromagnetica

» Dispersie

» Fibre monomod
» Interferenta

» Polarizare




Fotoni/Unda

Monochromatic Colher:ent
Light ight
— =
— —y
— S

l

Small slits
<A

Metaniable slabs e
S TR &
";t}’ ‘&“" 1 Oluipast gain phatons

plus =gnal pholon

Ground state

Sponlanecus smission nokse Gain
{1.5% < & < 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

£ Electron in 4
“ / excited state
g é /\\\\//\l E=hv
ﬁ ﬁ Electron in a
v lower energy
./ state
Before After
) » h constangtza IuiZPIank
C 1.240 - 10"
E,=hv; A=—; Alum]= 6.62-107Ws®
E, Eqlev] » cviteza luminii in vid

2.998-108m/s

Cladding
Core l I +D}n|

Claddin
g Part of wave extends into cladding




Through the Wormhole
SO02E07 How Does the Universe Work




Modelare

Through the Wormhole
S02EO07 How Does the Universe Work

Cladding

Core

Cladding

Part of wave extends into cladding




Optica geometrica

Light Reflected
from Surface
. Light Gradually
Leaks Out

Water Nwms Out of Basin

Fi F2
- y ———— - f e — . Yy ———
-t a -t} b

N

Ny

Normal >
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Lumina ca unda

electromagnetica
Capitolul 2




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 )




Ecuatiile lui Maxwell

» Ecuatii constitutive
D=¢-E
B=u-H
J=0c E

» In vid
1, =47 x107 H/m

V><E:—§§
ot

VxH=Q9+J
ot

V:-D=p

V-B=0

v.i=-2
ot

£, =8,854x10 2 F/m

Co

1

Vo " Ho

=2,99790-10° m/s



Modele matematice

» cazuri particulare in care exista rezolvare

anhalitica

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

X = Xoej.a).t %: j-w-X g(w):f:o f(t)-E_jwtdt f(t):J.:g(a)).ejwtda)

a e,
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Modele matematice
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Modele matematic
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Campuri electromagnetic cu
variatie armonica in timp

X :)(Oeja)t a_X: j.a).x
ot
» Simplificarea ecuatiilor lui Maxwell

V2E + w’cuE = joul +3vp » Ecuatiile Helmoltz sau
‘ ecuatiile de propagare
Mediu lipsit de sarcini electrice

V’E-y°E =0

V°H + 0°suH =—V x J

v-E=F

V?H —y°H =0
vy =—0’cu+ 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

_ ~yz -z
E,=E.e”"+E. e

y=\-aleu+ jouc =a+j-p
XPropagare Exista numai unda progresiva E,=> A

E, = Ae(a+iB)z

(OO ) camparmonic
1 i

Z-axis

(time) E — Ae%? .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@?.gll0tf) g ga gilotif?)
- directa
- inversa E,=E,e7"+ El_e7'2—>[|—> E.,; =E,.e”"+E, e




Atenuarea pe 1 km in SiO,

5dB
Characterlstlcs of

4/,\\ = early fibre )
4dB [ 2
Short Medium S
ongwave R,
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-21 ,ej(a).t—ﬂ.zl) Ey(ZZ): Ct.e_a.zz .ej(a)'t_ﬂ'ZZ)
W,P~[E?

P2 _ Ctz ,e_ZCZ-ZZ _ e_za.(zz_zj-)

P Ct?.e%n

A[dB] =10 IOQlO % =10 |0g10 [e—Za-(Zz—Zl)]
1
A[dB]=-20-a-(z, — z;)l0g; € = —8.686- - (2, — 7;)

A/L[dB/km]=—-8.686-a <0

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

A=




Reprezentare logaritmica
dB =10 - 109, (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
+ 10dB =10 20 dBm =100 mW
-3 dB = 0.5 -3 dBm = 0.5 mW
-10dB = 0.1 -10dBm =100 uW
-20 dB = 0.01 -30dBm =1uW
-30dB = 0.001 -60dBm =1nW

[

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




Calculul atenuarii

. . P . .
Pierderi = -2 <1 Plerderl[dB]:lO-Ioglo[%j<O

in

Pierderi/A{are[dBE—]lO- Iogm[ o j

P

in

In

: P :
Castig = POUt >1  Castig[dB]|=10- Iogm( F;’”t j >0

in

in

Pierderi[dB]
lungime[km]

Atenuare{dB/km|=



Calculul atenuarii /

Pierderi = —out Pierderi[dB|=[-]10- |091o[%

In

: : P. P
Pierderi[dB|= [—]10-Ioglo[ I;“t - PO

0

=[-]10- {logl{%j -

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

out

@ -9

in




Calculul atenuarii

Pierderi/Atenuare — P [dBm|< P_[dBm]

out

<P, —>P

out

P..[dBm|=P_[dBm]|- Pierderi/Atenuare|dB]

Castig/Amplificare — P [dBm|> P_[dBm]

out

>P. —->P

out

P..[dBm|= P, [dBm]+ Castig/Amplificare|dB]

RS




Reprezentare logaritmica
dB =10 - 109, (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
+ 10dB =10 20 dBm =100 mW
-3 dB = 0.5 -3 dBm = 0.5 mW
-10dB = 0.1 -10dBm =100 uW
-20 dB = 0.01 -30dBm =1uW
-30dB = 0.001 -60dBm =1nW

[dBm] + [dB] = [dBm]

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

[x] + [dB] = [x]

O+A =9




Parametri de propagare
E, =Ag* gl

VxE=—jou-H

T VS
 ou
¥ Mediu fara pierderi, 6=0 Y= jw-+\Eu

UZE:\/Z [Q] Impedanta intrinseca a mediului
H, £

—a- i(wt=2-
Ey = A g el A punctele de faza constanta: (w-t—ﬂ-z):const

Vit de f v dz o 1
iteza de faza =—=—=
dt g8 eu
dz dow

Viteza de grup v = in medii dispersive unde B = B(o)

°odt dp




Viteze de grup si faza

» Viteza de faza - viteza virtuala cu care circula
punctul cu o anumita faza

» Viteza de grup - viteza cu care circula informatia
(energia) — in medii cu cispersie normala

N,/

0 2 4 & g 1o 1z 14 1& 1§ zOo 22 24
position {pm)

o - ] o L o

SAAVAVAVEVAVAVAVACa AVAVAVAS S AVAVAVAVS ':”: ”




Contact

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