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Recapitulare
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Reprezentare logaritmica!!
dB =10 logio (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]




Lumina ca unda

electromagnetica
Capitolul 2




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"




Fotometrie si radiometrie
Capitolul 4
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Relatie radiometrie/fotometrie

» Pentru radiatii monocromatice

D, = 683|Wm-CDe[W]-V(/1) [Im]

» Pentru radiatii complexe:

00 830nm
®, =683 [ 9P \/(1)da =683 | 9P \(1)da [Im]
W 0 d)Z’ 390nm d/l
Im 7 dd Im " d
P =17 AVK =1700— AV |
! ooWj ) (1)da 00 | (1)da [Im]

0 390nm

» De cele mai multe ori, sursele sunt discrete, A,
®, =683—-> ®@,(%)-V(%) [Im]

®, ~1700.51 3 0,(2)V'(4) [im]




Marimi luminoase

» Intensitatea
o raportul dintre fluxul care paraseste sursa si se
propaga intr-un element de unghi solid ce contine
directia de propagare si elementul de unghi solid.
c 0 masura a puterii emise de o sursa intr-un
element de unghi solid

Intensitatea

Fotometrie Radiometrie

dd
|, =—— SI: cd | :dq)e SI: W/sr

YodQ © 4O




Probleme

» Panoul unui dispozitiv contine doua LED-uri
de semnalizare, unul de culoare verde si unul
rosu standard. Doriti ca ambele sa ofere
aceeasi luminozitate relativa si cat mai mare
posibila. Daca ambele LED-uri accepta un
curent maxim de 50 mA, calculati curentul
prin cele doua LED-uri.

» Rezolvari: http://rf-opto.etti.tuiasi.ro




Fibra optica
Capitolul 5




Optical ——
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Unghi de acceptanta, apertura

humerica
» Unghi de
acceptanta
Ny -SINBpcc =N, -SING,

» Apertura
numerica

NA=n,-SIN O,

Cladding

mode
)/ \

‘%
e,> 0

max




Tipuri de fibra

» Monomod

Increasing RI

» Multimod F

> cu salt de indice

T

Multimode

> cu indice gradat Step Index

Step index Graded index Graded index
Single-mode Single-mode Multimode
Non-zero
dispersion shifted
|

Multimode Step Index

A

Multimode
Graded Index

Single Mode
(Step Index)

| n, 9=2 i N2
& //Ilﬁ\\\
n‘ u
Core 50 or
Core <10{pm 62.5 ym
Pl
Cladding 125 pm Cladding 125 um

Single Mode

Y
|

Y




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




Moduri in fibra
T

» Moduri in ghid rectangular . :: e

TEMoo TEMu TEM21
» Moduri linear polarizate in fibra

LPo1

- “Sparkle” pattern



Frecventa normalizata

» Frecventa normalizata

V = 27;% NA=k-a-NA a — raza miezului

» Numar de moduri

o,
=4

S
A ~=Clfo (OO

¢ So o

Point A L Point B

k=22



Frecventa normalizata - monomod

b - coeficient de propagare

NA

» Fibre monomod modal refativ
Ca | E t | : exista un singur mod (solutii
I‘\l 08 fc. Bessel)
S
i
' 06 A4 =122 NA= 722
A V, 2.405
X
é 0.4
T Exemplu:
g Y2 2a = 8.5um
NA=0.11
0

Ae = nﬂ 0.11=1210nm
2.405




Fenomene de interes

» Cat de departe pot transmite semnalul
luminos pe fibra
o atenuare

» Cat de rapid pot transmite informatia
- dispersie




Atenuare

» Macrocurburi
- utilizator, localizat, dB

» Microcurburi

> tehnologie, dB/km
» Imprastiere

> tehnologie, dB/km
» Absorbtie

- material, dB/km




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=







Microcurburi




Efectul curburilor

» Multimod |
VvV Ccreste
» Monomod Phase § h scade
Front ¢
aster
R>R. = n,>n v scade "

n creste Slower




Imprastiere




Absorbtie

Attenuation
A [dB/km]

100 — The five (six)
optical windows.

10 —
1] :
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Absorbtie OH =

4 Scattering

4 AbSOrbtle . / OH Absorption Peaks
> 950nm ,
> 1244nm . //
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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 |



Efecte neliniare in fibra

» Stimulated Brillouin Scattering, SBC

- difractia luminii inspre emitator datorita undelor
mecano-acustice generate in fibra

> 6-10 dBm

» Stimulated Raman Scattering, SRS
> interactiunea luminii cu vibratiile moleculare
o 27 dBm (~1TW)

» Self Phase Modulation, SPM

> Frontiera impulsului implica indice de refractie variabil in
timp moduland faza impulsului

> 5 dBm

> Cross Phase Modulation, CPM
» Four-Wave Mixing, FWM

> 0 dBm




Four-Wave Mixing, FWM

Two Channels Three Channels

- ... Signal Wavelengths " - - o

... Spurious Side Modes .

7 o o | ol T
2Mi—®:2 2M2— M,
NL = 2 (N° - N2)
2
N=2,NL=4
N=3,NL=9

N =16, NL=1920

.




Dispersia

» Propagarea cu viteze diferite a radiatiilor cu
lungimi de unda diferite

> intermodala (modala - depinde de prezenta
modurilor)

> intramodala (cromatica - depinde de lungimea de
unda)

—
AL AM

- de ghid




Dispersia modala

nmniEin //J]ﬂ%l[lﬂl

Transmit side Recejve side




Dispersia modala

c 2 g A
a,
: e Lol 1
sl 2
_‘r: 5 - v | PG (e
a) b) c) d)
L L C
th=— e = V=— cosa. = NA
Vv V-COS & n,
L-n, (n,—n L-n,
At =t. —t, = 2 |2 1 At =t. —t,=—2-A
i ’ : C ( n2 ] C
n, —nN - L 2
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Dispersia modala

» salt de indice

2 2 : : : n,—n
dt = L-n; [ n,—n, ~ L-NA intarzierea intre A=-—2_1 <1
c-n n, 2-c-n, moduricand n,

1(dt)
Az-riod:_ _j
33

L-n,-A _ L-NA?

2./3-¢c ~4\@-c-n2

» indice gradat

dt — L-n,-A° _ L-NA*
2 8cn NA=0.1-0.2<1
L-n,-A° n, - miez

43¢ n, - teaca
n, > n, !l

~y

Az-mod =




Dispersia de material
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Dispersia de ghid

» Neglijabila in fibrele multimod fata de
dispersia modala

Aty = n-L-A | AA -(V dZ(Vb)} b - constanta de propagare

normalizata
C A dv 2

; : dve)
1.25 .-f ......... 4 . . —-GILEL 0.6 3

1.00 ... ........................................
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05k
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Fiber parameter, V Fiber parameter, V

V <V, =2.405




Dispersia cromatica (gh+mat)

>50km Single-mode step index Az-cr — D(A)Aﬂl_

<10 km Multimode graded index
<1 km Multimode step index

e =514

4 A
‘ ‘ ‘ L S, panta dispersiei -
ssssssssssss Receptio ps/nmz/km
Wlldfdpl s but not absolutely L. g sed by the las ptlwdth
oooooooooo and the differ btW n the refra t
Typ l spec tlwdth 0.8 nm th red a de ends of the light pulse D(ﬂ,o) =0

» D(A) = 100 + 0.4 (850 - N) [ps/nm/km]
nentru 800 < A < 900 nm

pentru 1285 < A < 1330 nm DM)ZZ'

» DAA) < 3,5 ps/nm/km S, Eﬂﬂgj
» DIA) < 17 ps/nm/km

~ pbentru 1525 <A< T575 nm



Calitatea spectrala a emitatorilor
optici

Relative A

output power He-Ne Gas laser

approx. 1 kHz

Laser diode
=0.2 nm

Laser diode
=2 nm

i -
Nominal emission Wavelength

wavelength




He-Ne Laser

4000 ~ )
8 —+— — iy
} 632.8 nm j‘ r i He-Ne ip
3500 - . collision
2'-"-, _+__ » 25 6328 nm
| 143 pm
| 2p
3000 - I !
I ' Fast radiative
i fransifions
‘2 25001 : Excitarion )
o i
g j—: hy efectron i
o !
E: 2000 - ml."f:.mlun .
= : I ! Diffusion
2 Lo i iowalls
2 L :
£ 1500 } | i
LU Ground ¥
1000 - Helium "™ Neon
500 -
0 T T T T T T T T T 1
300 350 400 450 500 550 600 650 700 750 800

Wavelength (nanometers)

AA =0.002 nm




Contact

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