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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 )




Disciplina 2015/2016

» 2C/1L Optoelectronica, structuri si tehnologii, OSTC
» Minim 7 prezente (C+L)
» Curs - sl. Radu Damian
> an IV pE
Luni 18-20, P5
E - 66% din nota
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» Laborator - sl. Daniel Matasaru
can IV uE, an IV Tc
 Luni 16-18 impar
+ Marti 18-20
- Joi 8-12 impar
- L-17% din nota
> T-17% din nota
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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%
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(Strict) Transmisia optica
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Spectrul electromagnetic
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Benzi de lucru in comunicatiile
optice
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Atenuarea 1n fibra optica (SiO,)

Attenuation
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Modelarea luminii

(tot) Capitolul 1




Modelarea luminii

» Unda electromagnetica
> Ecuatiile lui Maxwell
° N\, g o,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
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Model cuantic - foton
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& Electron in

“ / excited state
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» h constanta lui Plank
~1.240 6.62-10-32 Ws?2

Eqg=hv; ’IZE_; A[M]_Eg[ev] » ¢ viteza luminii in vid
2.998-108m/s
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Optica geometrica
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Materiale semiconductoare
utilizate in optoelectronica

irst optica econd optica ird optica
Fi ical S d optical Third ical
10 | window window window
’ 850 nm 1310 nm 1550 nm

0.9 -

08 1 Germanium Ge

0.7 7 Indium gallium arsenide

06 - Silicon Si InGaAs

0.5 1
04 -
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0.2 1

0.1 7
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Latimea benzii interzise/lungime
de unda pentru materialele uzuale

he

E

g

h - este constanta lui Planck, 6.62 - 10™* Ws*:

¢ - viteza luminii, 2.998 - 10° m/s:

Material Formula Wavelength Range Bandgap Energy
b (um) wg (eV)

Indium Phosphide InP 0.92 1.35
Indium Arsenide InAs 36 0.34
Gallium Phosphide GaP 0.55 224
Gallium Arsenide GaAs 0.87 1.42
Aluminium Arsenide AlAs 0.59 209
Gallium Indium Phosphide GalnP 0.64-0.68 1.82-1.94
Aluminium Gallium Arsenide AlGaAs 0.8-0.9 1.4-1.55
Indium Gallium Arsenide InGaAs 1.0-1.3 0.95-1.24
Indium Gallium Arsenide Phosphide InGaAsP 0917 0.73-1.35




Dependenta benzii interzise de

constanta retelei
Wavelength (um)

105 2 15 109 0.8
0BerTT—IT T [T

0.60

0.58

0.56

Lattice spacing (nm)

0.54

0 0.5 10 1.5 20 25
Bandgap energy (eV)




Spectrul WDM - Wavelength

Division Multiplexing

» Reglaj
» in limite reduse

Canale: 16

Spatiere: 0.8 nm

Emisie spontana
Amplificata (ASE)

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



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]




Limite putere/banda a
dispozitivelor optoelectronice

Power Power
[mW] [dBm]

10mW +10
Laser@iodes \
Tmw — 0

— LEDs ‘\\\ 10
] \ Lo

THW — — -30
— — -40
— — -50
Modetectable Signal
1nW r | | =
™ 10M 100M 1G 10G
Bitmate [hit/s]

Banda (Viteza) x Distanta [MHz-km] ( [Gb/s -km])



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 |



Lumina ca unda

electromagnetica
Capitolul 2




Ecuatiile lui Maxwell

oB » Ecuatii constitutive
VxE=——

ot D=¢-E
VxH =6—D+J B=u-H

ot J=oc-E
V-D=p » In vid
V.B—0 Ly =47 x107" H/m
v.]=_%P £, =8,854x102 F/m

ot ¢, =~ —2.99790-10°m/s

vV &o " Ho




Campuri electromagnetic cu
variatie armonica in timp

X =X e’ %:j-a)-x g(a)):jjof(t)-e‘j“"dt f(t)=j‘:g(a))-e"“’tda)
» Simplificarea ecuatiilor lui Maxwell

V2E + @’uE = joul +3vp » Ecuatiile Helmoltz sau
‘ ecuatiile de propagare

Mediu lipsit de sarcini electrice

V°H +o°aquH =—V xJ

P
v E—g VZE—j/ZE:O

V-H=0

V’H —»*H =0
v’ =—o’au + jouo

vy — Constanta de propagare




Solutia ecuatiilor de propagare

Camp electric dupa directia Oy,
propagare dupa directia Oz

_ ~yZ yz
E,=E, e’ +E.e

y=\-o’qu+jouc =a+j-p
Propagare Exista numai unda progresiva E,=> A
E = Ae_(a"‘j'ﬂ)'z

y

(1 1Y EEe—
1 i

Z-axis

(time) E — Ae*? .ej(a)-t—,B-z)
y
Polarizare circulara I'd'/

(variatie in timp si spatiu)

Atenuare




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
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Atenuare

EY(Zl) = Ct. e_a'Zl . eJ(COt_ﬂZ]_) Ey(Zz): Ct' e—a-zz . ej(a)t_ﬂzz)
W,P~[E?

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

R Ct?.e?@a

AldB] =10log4g % =10 Ioglo[e—2a°(22—21)]
1
A[dB]=-20-c-(z, — 7, )log;ge =-8.686- - (2, — 24)

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 7 E
WH
X Mediu fara pierderi, 6 =0 Y= Jo- &l
n :E _ M Impedanta intrinseca a mediului
H £

E,=Ae™ .el@t=$2)  punctele de faza constanta: (@-t—/3-z)=const

Vitera de f v dz o 1
iteza de faza =—=—=—=
dt g Jeu
Vitezade grup v = dz = do in medii dispersive unde B = B(o)




Parametri de propagare

» In vid
o =1/& =377QQ  v=v ,=¢, ¢;= L _299790-10° m/s
€ V€0 " Ho
2 P21
g w f
Periodicitate in spatiu Periodicitate in timp
» In mediu nedispersiv g,
1 1 C,

C
n

p2_ L, 2 e g

N=,/& Indice de refractie al mediului c=

w f g f n-f n



Parametri, dependenta de mediu

1

e =. |22 =377Q Co = =2,99790-10° m/s

€0 V&0 " Ho

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"




Dispersia

» In medii dispersive B = pB(»), n = n(w)
dg d (ew-n) 1 dn
dw_da)( c j_E(nm%j

4 __A 9B _ 1(n /’tdnj—r (s/m)
dw o dA cC dA

:dle(m_ﬂdzg_dnjz_ﬁdzg (s/m)

di cldA di” dA c dA

» Dispersia se exprima de obicei in ps/nm/km si
permite aflarea intarzierilor aparute intre "moduri”
(latirea impulsurilor) pentru o anumita latime

spectrala si o anumita distanta parcursa

AT=D-AA-L




Dispersie

> 50 km Single-mode step index
<10 km Multimode graded index
<1km  Multimode step index

A

Transmission:

Well-defined pulses but not absolutely
monochromatic.

Typical spectal width < 0.8 nm

A J

Reception:

Pulse broadening caused by the laser’s spectral width
and the difference between the refractive indices of
the red and blue ends of the light pulse.




Conditii la limita de separatie intre
doua medii

€1, W




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)

L] B

k2
T

0 2 4 & g 10 1z 14 1s 1§ =zO 22 24
position {pm)




Dispersie normala

‘ index S|02
148 —
147 Nar -
dn I
n, =N-A— * "
dA 146 -
Cdr 1 dng 145
dA ¢ da
144

lungimea de unda




Transmisia puterii intre medii

» incidenta normala " % %

» reflexia in amplitudine & o

—»

<«

Z_é r:zz_zlznl_nZ /?(reﬂectt)'
n Z,+Z, n +n,

» densitatea de putere proportionala cu
patratul amplitudinii campului

2 2
co[ o, . 2n,
n +n, n +n,

» interfata aer-sticla (n, =1, n, = 1.5)

r=0.04=4%



Transmisia printr-o lamela

Air Ihqidenf Glass | Incident Incident
light light light Incident
o reﬂf:‘:f;ion | TlT l [H[ 16% - reﬂgﬁion
flecti i
refection Tﬂ y T'T Air reflection glass thickness x 2 = odd number
Glass — ‘ of half wavelengths
96% e
transmisosion transmission - \ !
yvvyyvy Y Yy T glass thickness x 2 = multiple
1 of wavelength 100%
transmission transmisosion
v v
1.5-1_ 4, z % T, =02+02 r_ =T2 =0.16=16%
I'= 20.2, r=I"=0.04=4% max ~ ~° . max ~ T max =~ " T

- 15+1
» apare interferenta intre diversele unde reflectate

» se aduna campurile nu puterile

Reflected %
» lamele B0 - e

antireflexive 804

no
reflection

25h DA A5Ah A 1.25 A

Thickness of Glass



Contact

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

.



