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Disciplina 2022/2023

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

» Curs - conf. Radu Damian
>an IV uE
> Joi 08(:10)-10:00, CT
- E-70% din nota (50%-+20%)
- 20% test (VP) la curs, saptamana 4-6?
> probleme + (2p prez. curs)
- toate materialele permise
» Laborator - sl. Daniel Matasaru
>an IV uE
- Luni 18-20, Miercuri 11-15 par
- Max. 7 prezente
> L-30% din nota (+Caiet de laborator)




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
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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/3(2)prez

» 3 teste

» foto <C3/<C5




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]




Calculul atenuarii/amplificarii

P

out

Atenuare[dB|=[-]10- Ioglo(

0

|erder|[dB] (P, [dBm]|-P _dBm])

i i




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




curse of the elephant man
premier episode
sunday 8pm

SC' HD

Through the Wormhole
SO02E07 How Does the Universe Work




Through the Wormhole
SO02E07 How Does the Universe Work




Unda electromagnetica

» Dispersie
» Fibre monomod
» Interferenta

» Polarizare




Model cuantic - foton

A

& Electron in

“ / excited state
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> 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- 1032 Ws?2

Before

hc

E,=hv; A=—1} 1 = : C
g =" E, o E,lev] » cviteza luminii in vid

2.998-108m/s
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Modelare

Through the Wormhole
S02E07 How Does the Universe Work

Cladding

Core I

o
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Cladding

Part of wave extends into cladding




Optica geometrica
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Light Reflected
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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, diterentiale, 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

OB » Ecuatii constitutive
VxE=——

ot D=¢-E
vxH =L B=p-H

ot J=0c-E
V-D=p » In vid

. —7

V. B =0 Uy, =47 x107" H/m
o __0p &, =8,854x107* F/m

ot ¢, =1 —209790-10° m/s

V&0 Hy




Modele matematice

» cazuri particulare in care exista rezolvare

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

X=X K_jox oe)=] f@era =] ge)e"do

1.5
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Modele matematice
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Modele matematic
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Campuri electromagnetic cu
variatie armonica in timp

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

V2E + @’cuE = joud +1vp » Ecuatiile Helmoltz sau
¢ ecuatiile de propagare
Mediu lipsit de sarcini electrice

V’E—-y°E =0

V°H + 0’cuH =—V x J

v.-E=~

V’H -y°H =0
v =—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

E,=E.e"" +E_¢”

7/=\/—a)zgy+ Jouoc =a+j-p
XPropagare Exista numai unda progresiva E,=> A
E, = Ae 1A

y

(1 1) EEe—
1 i

Z-axis

(time) E — A g %? .ej(a)-t—ﬂz)
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 —Et.e @2 pil0t-p2)  p- gz qil0t+p2)
- directa
. inversa E, =E.e7*+ El_e7'z—>|:l—>EOUT —E, e’ +E, e




Atenuare

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

P2 _ Ctz ,e—Za.ZZ _ e_za.(zz_zj-)

R, Ct2 .e—2a-zl

AldB]=10log, % =10log4q [e—Za-(Zz—Zl)]
1
A[dB]=-20-a-(z, —7;)log;ge = -8.686-a-(z, — 7;)

A/L[dB/km]=—-8.686-a <0

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

A=




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)




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]




Calculul atenuarii

. . P . .
Pierderi = POUt <1 Pierderi|dB|=10- Ioglo[ i’“t] <0

In In

P ierderi/,mare[dB]}—] 10-log, O[ Poutj

P

in

: P :
Castig = POUt >1  Castig|dB|=10- Ioglo[ PP"“t] >0

in

in

Pilerderi[d B]
lungime[km ]

Atenuare|dB/km | =



Calculul atenuarii /

Pierderi = %”t Pierderi{dB]=[-]10- |0910[
IN

Pierderi[dB|=[-]10-log 10[ IT;“‘ - PPO = [—]10-{Iog 10(%) ~log 10(

0 in

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

out

@ -

in




Calculul atenuarii

Pierderi/Atenuare - P, <P, — P

out out

[dBm]< P, [dBm]

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

out

Castig/Amp lificare - P, >P, > P

out out

[dBm]> P, [dBm]

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




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
-30 dB = 0.001 -60dBm =1nW

[dBm] + [dB] = [dBm]

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

[x] + [dB] = [X]

O+A=9




Parametri de propagare
Ey — A p %7 .ej(w-t—ﬂ-z)

VxE=—]ou-H

o 7B
" ou
¥ Mediu fara pierderi, 6 =0 Y= jw-+eu
E, U o A
7 ==\ [Q] Impedanta intrinseca a mediului
&

—a- ilot=p-
Ey = Ae? . glltF) punctele de faza constanta: (@-t—f3-z)=const

Vitera de f v dz w 1
iteza de faza =—=—=—=
dt [ eu
Vitezadegrup v = dz — do in medii dispersive unde B = B(o)




Parametri de propagare

» In vid

Uo=,/%=3779 V=V, =C, C,= L =2,99792-10° m/s
0

Véo My

PR Pz 1
pf w f
Periodicitate in spatiu Periodicitate in timp
» In mediu nedispersiv g,
C= 1 _ 1 - %o V=V, =C
VE Hy &l Hy \/;r :
N=,¢& Indice de refractie al mediului C:C—O x
n
T:2_7Z':£ /1:2_”23 1= Co :/10

f g f n-f n

Q



Parametri, dependenta de mediu

= |t —3770 ¢y = ——— = 2.09790 -10° m/s
o=\ g, " Voo sto

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"




Conditii la limita de separatie intre
doua medii

» Daca un mediu este metal ideal toate

~_ campurile se anuleaza in interior



Moduri in medii delimitate

» Campul electric trebuie sa
fie perpendicular pe un
perete metalic sau nul

» Campul magnetic trebuie
sa fie tangent la un perete ?)
metalic sau nul

I \\ b \‘ A S ’;" ----- ‘\‘ g \\\
W B il o N it
‘ FE e A YY VY HET YY VY i O vy
Strip (1) == =22 i o fad  boa F oy g tr o i
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Moduri in medii delimitate

» Campuri electromagnetice cu variatie
armonica in timp

- simplificarea ecuatiilor lui Maxwell

X=X —== X g(w)=[" f(t)-edt f(t)=] glw)-e"do

» In medii delimitate solutiile ecuatiilor lui
Maxwell trebuie sa verifice conditiile la limita

> solutiile trebuie sa respecte anumite conditii
suplimentare




Moduri in medii delimitate

TE10

™11

[=]

TE21

L
A A u
TE31
FW W
L &

» Similar cu transformata Fourier
g(w)

TEO1

TE11

TE30

TEO2

E*,E‘:iAi-Modi
'“”'b_ .

TE20 TM12
| Be—
TM21 TE22
Ll |
TR &
- . s
TM31 TM32
TE40 TM51

00

TE12
T T——

[S—— e
TM41

TE32

TE51

A =(E,Mod,)

TM22

TE41
Al AL
I anl

TES50

TM42

:j_ f(t)-e'dt f(t)= f g(w)-e'dw



Modele matematice

» cazuri particulare in care exista rezolvare analitica
- moduri in medii delimitate

TE10 TEO1 TE20 E= Z A - Mod; A= <E’ MOdi>

1
Bl =m . - .

TM11 T™M21

CT?; .TM31' A :<E'N’M0di> I

4 L1 I M e
TE31 TE40 . . .

iaas [H11] N[ |8,




Ghid cilindric dielectric

» Ecuatiile lui Maxwell in coordonate cilindrice

0°U 10U 10°U 0°U

9 277 a - raza miezului
+ — +n°k;U =0 U - E(r) sau H(r)

or? i ror i 2 Gg° = O
Ul(r,¢,2) =u(r)e e85 [ =0,+£1,£2,...

2 2
d_u+ld_u_|_<n2(r)k2_ 2_l_>u:

dr?  rdr




Ghid cilindric dielectric

» solutii proportionale cu functii Bessel

Ji(krr), r <a (core)
u(r) x { Ki(vyr), r >a (cladding)

u(r) A u(r) A




LA

Functii Bessel




Moduri in fibra
T

» Moduri in ghid rectangular . :: e

TEMoo TEMu TEM21
» Moduri linear polarizate in fibra

LPo1

- “Sparkle” pattern



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

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

o - ] o L o
T

SAAVAVAVEVAVAVAVACa VAVAVAVASSSAVAVAVAVS ':”: ”

mf-':
=
_
-:-:——:
—
b
==

-



Dispersia

» In medii dispersive = B(®), n =n(w), Y, 32)(;[;)
dw

» Timpul in care o radiatie ajunge la distanta L

L Ld_ﬂ:L d (w.njzh(n+a)ﬁj
Vv dw do\ cC C dw

T =——=
g

» Se prefera exprimarea in functie de lungimea de unda

c 2z-¢c di 2z-c A

A=— - = =2 Sdo=-2.dx
f W dow 12 I A

n+w dn =£(n—/’t-ﬁj

P qal € d4

A




Dispersia

L dn

= =—|N-A-—

» N =N(w) r C( q j
Gr_Lfdn d'm an) L& woggn
di cldr “a2 di)” ¢ tax == g /M)

» Dispersia D se exprima de obicei in ps/nm/km si
permite aflarea intarzierilor aparute intre "moduri”
(latirea impulsurilor) pentru o anumita latime
spectrala AA si 0 anumita distanta parcursa L

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.




Dispersie normala
index S|02
SR AR ) | e >

148
v, C dA

C dn 147 -
V¢=— n,=n-A1—
g Ny, o dA
146 -
p_L.dr_1dng .
L d1 c¢ dA

} ‘d —— ]'"1{""1'-'T—w—r"r""r“"!—l_1“l—'|'" ¥ -
05 10 15 20pm

» Dispersia este 0 atunci cand indicele jungimea de unda
de refractie de grup este minim

» Pentru sticla Ay~1310 nm




Transmisia puterii intre medii

. . s 4 n . /
» incidenta normala " /}/2%

» reflexia in amplitudine & o

—»

<«

Z ZO F— Z _Zl . nl_n2 R (reflectat) '
n Z,+Z, n+n,

» densitatea de putere proportionala cu
patratul amplitudinii campului

2 2
n,—n 2N
()
n, +n, n,+n,
» interfata aer-sticla (n, =1, n, = 1.5)

1.5-1
1.5+1

= =02 r=I*=0.04=4%




Transmisia printr-o lamela

Air | Incident Glass | Incident Incident
light light light Incident
light
4% 1 l l 16% v
: reflection 2 reflection
ezt Tﬂ Y T'T Air Y x T [' [ elicston glass thickness x 2 = odd number
Glass - of half wavelengths
96% £
transmission fransmission ~__ \ !
yvvyyvy Y Yy T glass thickness x 2 = multiple
of wavelength
84% 100%
transmission transmission
v v
15 _1 . . 2 _ 10 . . T2 _ 0
0.2 r=r?=004=4% T, =02+02 r =02 =0.16=16%

T1541
» 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

.



