Optoelectronica

Curs 12
2023/2024




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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Emitatoare optice
LED/DL




Caracteristica de raspuns a
LED-urilor

» Caracteristica putere optica emisa functie de
curentul direct prin LED este liniara la nivele
mici ale curentului.

» Nu exista curent de prag

» La nivele foarte mari puterea optica se
satureaza Optical
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Control static LED

» Cea mai simpla schema de control:
un rezistor in serie cu LED

- Atentiel Tensiunea directa poate varia
semnificativ (>>0.7V) si trebuie
preluata din catalog
- mai ales la intensitate luminoasa mare

- datorita materialelor diferite de realizare
a LED-urilor

- dependenta de lungimea de unda
- mai mica la lungimi de unda mai mari

|, = f(1.[mA]) [cd/mcd]
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R
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Caracteristica de raspuns DL

» Amorsarea emisiei stimulate necesita pomparea
unei anumite cantitati de energie - curent de prag

| <1, regimLED
ineficient!, P, =0
| > 1, regim LASER

AR, W
Al [ A

I:)o = r(l o Ith)
Apare saturare la nivele
mari de curent

Relative
output
power
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Laser drive current, /



Control dioda LASER

Laser | i  Monitor
:  Photodicde

+ 5V

Amplifier
Control putere optica

Cooler +

Control temperatura o




Eficienta

» eficienta de conversie electro-optic
(randament)

_ P,loptic) P, Nr-(lf—lth)

P, (electric) V, -1, V-1,
» tipic, randamente sub 10% sunt intalnite

» eficienta cuantica
o nterna
o externa




Receptoare optice

Fotodioda




Fotodiode - marlml caracteristice
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Fotodioda - Marimi caracteristice

» Eficienta cuantica - raportul dintre numarul
de perechi electron-gol generate si numarul
de fotoni incidenti

_ e
77__
Ng¢

» In unitatea de timp numarul de fotoni
depinde de puterea optica, iar numarul de
electroni impune curentul generat

e
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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 )




Documentatie

» Behzad Razavi - Design of Integrated Circuits
for Optical Communications

Textbooks

IBM Redbooks - Understanding_Optical Communications (pdf, 5.24 MB, en, =)
Behzad Razavi - Design of Integrated Circuits for Optical Communications (pdf, 11.18 MB, en, =)
John Powers - An Introduction to Fiber Optic Systems (pdf, 50.54 MB, en, =)

Stefan Nilsson-Gistvik - Optical Fiber Theory for Communication Networks (pdf, 17.62 MB, en, =)
Structuri Optoelectronice (pdf, 3.13 MB, ro, 1)

MIT Course - Fundamentals of Photovoltaics (link, 0 Bytes, en, =)
EU Photovoltaic Geographical Information System (PVGIS) (link, O Bytes, en, =)




Utilizare celule solare
Capitolul 10




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 )




Efect fotovoltaic

» jonctiunea pn
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Efect fotovoltaic

» jonctiunea pn
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Efect fotovoltaic
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Efect fotovoltaic

» jonctiunea pn / Fotodioda

| \ Electric field strength
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Efect fotovoltaic

» generarea unei perechi electron/gol in
interiorul unui material prin absorbtia
energiei fotonilor incidenti si cresterea
energiei potentiale a electronilor
- urmat de posibilitatea separarii sarcinilor

» deosebit de conversia:

- fototermica (energia fotonilor este convertita in
caldura - energie cinetica a electronilor)

- fotochimica (fotosinteza energie potentiala utilizata
chimic)
» duce la aparitia unei tensiuni electromotoare
Si a unui curent intr-un circuit inchis




Efect fotovoltaic

» diferit de efectul fotoelectric (cu toate ca este
asemanator ca principiu)

n
uv light light
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Current

Load




Efect fotovoltaic

» Separarea fizica a sarcinilor este de obicei
realizata prin utilizarea unei jonctiuni pn:
- campul electric generat de distibutia sarcinilor in
zona golita de purtatori a jonctiunii
» In principiu o celula solara este o fotodioda in
care:

- nivelul de semnal optic este ridicat (fortarea prin
polarizare inversa externa a extragerii tuturor
electronilor generati nu e necesara)

> viteza de lucru nu e importanta (accelerarea iesirii
din dispozitiv a electronilor generati nu e necesara)




Celula solara (fotovoltaica)

» in principiu o dioda
> cu arie mare (~100cm?)
- cu suprafata tratata antireflectorizant

- genereaza o tensiune electromotoare de 0.5+-1V
- genereaza curenti de scurtcircuit de x0 mA/cm?




Celula solara (fotovoltaica)

» pentru utilizare in practica
- module de 28 - 36 de celule conectate in serie
> creste tensiunea la 12V (tipic)

i,
e
SRS SRR

S S R A A




Celula solara (fotovoltaica)

» pentru utilizare in practica

- modulele sunt conectate in serie si/sau paralel
pentru obtinerea tensiunilor/curentilor necesari

pentru aplicatie —

Power
conditioning

Load

Y
A\ 4

PV generator

\//\ N\ N

Storage
(Battery (dc)

or Grid (ac))

T |Module| "T

o +V

String




Celula solara (fotovoltaica)

» pentru utilizare in practica
- diode pentru flexibilitate

Bypass diode from shaded

string is forward biased and
Bypass diodes from the unshaded cells conducts current s 0 +V
are reverse biased and have no impact. +0.6Y-

> > -
e I A

-0.5V+ -0.5V+ -0.5V+ ]

-0.8V +

Current from string of cells is limited by lowest
current cell. If some cells are shaded, then the extra

Shaded cell

current from the good cells in the string forward VAR Lo\
biased these cells.

String

T |Module| "T

()0




Celula solara (fotovoltaica)
» Diode bypass

SERIES CONNECTED SOLAR CELLS WITH BYPASS DIODES SERIES CONNECTED SOLAR CELLS WITH BYPASS DIODES
X Matched currents at short circuit At short circuit conditions and with  [matched currents at short circuit At open circuit conditions and with
O Mismatched currents at short circuit Matched currents, the voltage across 1 pgiginatched currents at short circuit matched currents, the short circuit
SRy both the solar cells and the bypass SRy tf h sol TR} d
O matched currents at open circuit : . ; Matched currents at open circuit current from each solar cell forwar
g ~_  diodes is zero. The bypass diodes g .. biases the solar cell. The bypass
O Mismatched currents at open circuit pave no effect. Mismatched currents at open circuit ;

diodes are reverse biased and have
The circuit elements contained within the blue dotted lines model a solar cell no effect on the circuit.
The current source is the light generated current, Igc.
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e LR e e e g A The bypass diodes

The diodes outside the | > i are reverse biased
dotted blue line are the | and have no effect. o
by-pass diodes.

Onyid OB

The solar cell diodes
i are forward biased by

I Igc and are at V.

—l
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Celula solara (fotovoltaica)
» Diode bypass

SERIES CONNECTED SOLAR CELLS WITH BYPASS DIODES SERIES CONNECTED SOLAR CELLS WITH BYPASS DIODES

O Matched currents at short circuit At open circuit conditions and with O Matched currents at short circuit ‘:::'T;Lr:;:“:t”;:ovvc;ha::':‘ga::ehﬁd I 3(}'

O Mismatched currents at short circuit mismatched currents, the shaded Mismatched currents at short circuit . 2 2 .9°°
ity ety solar cell junction, forward biasing the
O matched currents at open circuit z°|a' ce:_h:s a reduced Vog: Thfi Matched currents at open circuit "good" solar cell. This voltage in turn
%Mismatched currents at open circuit a:-dp:::e l:o ee:f:::: reverse blase O Mismatched currents at open circuit fowrad biases the by-pass diode of the
' shaded cell, allowing it to conduct

current.
P P P
P e N e Mty e i P N e Mty e A
ﬂ f Some current from

the "good" solar cell'§¥
forward biases the

T ! i x "good" solar cell.

| The solar cell diodes
+ are forward biased by

|

|

| :

| and are at their
SC

: ISC1 ¥0-6 I respective Vg¢s.

|

|

The bypass diode
of the good cell is

| ‘ reverse biased and
S e R ¢ i has no effect.
i e B R The bypass diodes ST

The bypass diode of
the shaded cell is

foward biased from
the "good" solar cell
and conducts current.

l are reverse biased o
| and have no effect.
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The shaded cell is
reverse biased, but

i
L > only to about -0.5V.
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Celula solara (fotovoltaica)

» in principiu o dioda

antireflection coating

" rear contact




Celula solara

» probabilitate de generare a purtatorilor
depinde de

- material :
- distanta parcursa 1}
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Celula solara

» probabilitate de generare a purtatorilor
depinde de

© matel’la| 1I]22
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Celula solara

» probabilitate de captura a purtatorilor

Unity collection

Front Surface | | probability for
| carriers generated

------------- _ in the pn junction

Rear Surface

Solar cell with good
surface passivation

Solar cell with poor
surface passivation

1
=)
=
@
i
=
| =
o
=
o
=
T
2
©
&

diffusion length
With high surface recombination,

the collection probability at the
surface is low.

-\ Solar cell with low Distance in the device




Celula solara/Fotodioda

» Energia necesara pentru eliberarea unei
perechi electron gol

hv=mz E,q
A
» Lungime de unda de taiere

hc
ﬂ*max — E—
g

» Coeficientul de absorbtie are valoare mare la
lungimi de unda reduse

» Ca urmare comportarea tuturor materialelor
este de tip trece banda




Celula solara

» raspuns spectral
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Celula solara

» Schema echivalenta
> dioda
> sursa de curent generat de fluxul de fotoni incident




Celula solara

» Schema echivalenta
> dioda
> sursa de curent generat de iluminarea energetica

incidenta o curent de intuneric

o A Id(v)zlo.(eeV/KT _1)

+
\/@ AV V - adaugarea curentului

J generat de fotoni

I(Ee’v): Isc(Ee)_Id(V)
> tensiunea in gol

y ki.[@lj




Celula solara \g .

J . ) dark -

(E..V)=14(E.)- 14 (V)

"\

L
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@

Light current

Dark current

Id(V): l '(eeV/KT _1) \ Voc

LN

Current density, J

oc

Bias voltage, V vV = k;T.m[ .. (E.)




Celula solara

» poate fi folosita in loc de baterie intr-un
circuit electric
> cU anumite diferente

battery

load

solar cell

QD

Voltage

Battery e.m.f.

Solar cell

>

Increasing light intensity

Battery

e

Current



Putere generata

Maximum
power point

?

Current density

» Putere generata |

P=V-I

Psc =0- Isc =0
Jse /
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3
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Light current
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Dark current
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Bias voltage, V \




Putere generata

» Putere generata

Maximum
Current density pojver pornt Pm — me * I pm

[
»
9}

[
3

» Valorile de curent si
tensiune pentru putere
maxima sunt date de
catalog, circuitul de
conditionare care

vo V.. Urmeaza dupa celule

Hizswoltage, ¥ \ poate fi optimizat sa

functioneze la aceste

valori

Power
density

Current density, J




Putere generata

» Controlerul de incarcare este responsabil
pentru detectarea si urmarirea punctului de
putere maxima
> MPPT - Maximum power point tracking

‘

ition

Storage
(Battery (dc)
or Grid (ac))

Load

PV generator




Current,

Celula solara =

Isc

Cell with High Fill Factor

B
FF=ImpxV¥mp

IscxVoc
=area i
areaB

» Factor de umplere

FF = Yom " om
V,, |

OC SC

» 0 masura a calitatii celulei
- dependent de material curen

Voltage

’
Power Cell with Low Fill Factor
Maximum Isc
R S power point
P V . I Jeo Current density / Nn]p, llnp)
-
m pm pm B
; FF=Imp=xV¥mp
£ IscxVoc
§ Pon =area A
g densit areaB
5
o
Vi |V
Bias voltage, V

O -
Voc Voltage



Contact

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