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» Minim 7 prezente curs + laborator

» Curs - conf. Radu Damian
>an IV uE
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E - 70% din nota (50+20), online, rf-opto
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Orar 2020/2021

» Curs
- Miercuri 11-14, online
- 2C = 3C
- 14*%2/3 = 9.33

- 9+-10C=9C+ E

.



Online

» acces la examene necesita parola primita prin
email

5= English | I Romana |

Start Didactic Master

Colectiv
Start Didactic Master

Colectiv Cercetare Stugd

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

\

Introduceti codul
re acces la licente afisat mai jOS
Note obtinute

"\

Acceseaza ca acest student |

Inca nu a fost notat.

LTn'miteJ




Online

» acces email/parola
Start Didactic Master Colectiv

Start Didactic Master Colectiv

Note  ListaStudenti  Examene  Fotografii

POPESCU GOPO ION POPESCU GOPO ION

Date: Date:

Fotografia : 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

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 oo Correspondents
mportant message from RF-OPTO « =p POPESCU GOPO ION
Validation 0 om 02/05/2020

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

Sect Important message from RF-OPTO

To

Cc Me <rdamian@etti.tuiasi.ro>

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: U

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: QEESED

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

Save this message in a safe place for later use



Manual examen online

» Aplicatia de examen online utilizata intens la:
> curs (prezenta)
> miniteste
> @xamen

Materials

Other dats

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

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

Microwave Devices and Circuits (Enalis




Examen online

» intotdeauna contratimp

- perioada lunga (prezenta curs/rezultate laborator)
- perioada scurta (teste: 15min, examen: 2h)

Start Didactic Master Colectiv Cercetare Studenti

Anunt Material suport Subiecte
17:28 (29/04/2020) 17:30 (29/04/2020)

Rezultate Finalizare
17:32 (29/04/2020) 17:35 (29/04/2020)
Anunt

ConﬁrmaD
17:45 (29/04/2020) 17:45 (30/04/202Q

@rmatorul interval de timp i
01mo08s
Reincarca acum

In acest examen se verifica diverse actiuni ale studentilor pentru examen
Ora pe server

e examenele sunt fusul orar al server-ului (ar putea sa fie diferit de timpul local). Pentru referinta ora pe server este acum:
< 29/04/2020 17:28:51
P —




Introducere
Capitolul T




Aplicatii majore

» Comunicatii
o Infrarosu (InGaAsP)

» Vizibil
- Spectru vizibil (GaAlAs)

» lluminare
> Putere ridicata, lumina alba (GalnN)




Benzi de lucru in comunicatiile
optice

- 193 229 353 461 THz
Frecventa < ; : ; ; >
Lungime —t "ttt
de unda 1.8 1.6:1.4:1.2 1.0 08 06 0.4 0.2 um
vid) Laseri HeNe
Longhaul Telecom > 633 nm

1550 nm :
Regional Telecom ! : CD Player
1310 nm . 780 nm
Local Area Networks ) :

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

[

Optical Loss (dB/km)

| J S — — —
0.7 0.8 0.9 1.0 1.1 1.2 1.3 14 1.5 1.6 1.7 1.8 1.9 2.0

Wavelength (pm)




Fibra optica
Capitolul 4




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 )




Optical ——

¥ I fibers Core
Fibra optica fers. e

— N
» un ghid de unda Strain relief o _ Cladding
- : (e.g., Kevlary™ 125+ 1um
dielectric
- Inner > F;?“”/
- miez jacket _ ’J‘ Soft acrylate
" teaca Sheath—,

/ _ about 200 Hm
\\___—_‘.“/

jacket

Ng

n, ‘

Nor$\ :
iNEn

N2

e, oA

~Hard acrylate
245+ 10 ym




Unghi de acceptanta, apertura

humerica
» Unghi de
acceptanta
N - SIN By =N, -SIN &,

» Apertura
numerica

NA=n,-sind,..

2 2
/n -n
NA=n, |[-2—L =,/n; —n;
n2

n, - miez

971< 0 max
n, - teaca ]Q
n, > n, !l
0> Omax

Cladding

mode
)/ \




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




Fibre multimod cu salt de indice

e e e e

/ Normal Refractive index of air, ng= 1
6 2 5 / ] 2 5 Refractive index of cladding, n,
: N ny A

90 - o

(Mm) a ) .

2a
D

100 pm
>
140 pm

p
} ] 5 —_— 5 O M H Z - Refractive index of core, M

km

NS/ Ny v

A
glass plastic
core diameter 2a 100 um 980 um
cladding diameter D 140 um 1000 pm
core refractive index n, 1.48

cladding refractive index n;  1.45



Fibre multimod cu indice gradat

et e

» 50/125 sau
62.5/125
(Mm)

» 700-1200
MHz - km

Refractive index of air, ng=1

Refractive index of cladding, n4 //\\

N1

500r
125 ym

_.___h_z_ il

62.5 um

2a
D=

Core diameter 2a

Cladding diameter D

Maximum refractive index, core
Relative differential refractive index

50 or 62.5 um
125 pm

1.46

0.010




Fata Morgana

Hot air

Cold air




Fibre multimod cu indice gradat

e

i

r\° NA® nj-n; n,-n, An
n(r)=n,| 1-A| — A== e for A<<l
a 2n;,  2n, L o

» g = 1 - indice gradat triunghiular
» g = 2 - indice gradat parabolic
» g = oo — salt de indice




Fibre monomod

» 6-8/125 (um)
> MHZ . km Refractive index of cladding, n; /> {

nere I evant i) = e e
Refractive index Refractive index of core, ny § 3[
> MFD —_— MOde of air, ng=1 o)

12|5 um

D

Field Diameter

A Cladding diameter D 125 um

Core refractive index n, 1.4485
Cladding refractive index n;  1.4440
Refractive index differential  0.003 = 0.3%




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




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=2723NA=k-a-NA a - raza miezului kzz_ﬂ
A A
» Numar de moduri

A D - /T L=m-A

Point A L Point B




Frecventa normalizata - monomod

4

[8/k)-n)/pn)

b=

Fibre monomod

1.0

O
0o

b - coeficient de propagare
modal relativ

V <V, =2.405

exista un singur mod (solutii
fc. Bessel)

13 =72 NA= 722 NA
V. 2.405

Exemplu

2a = 8.5um

NA=0.11

Ae = ﬂﬂo.llzlzlonm
2.405



Frecventa normalizata

. vV g
» Numar de moduri N ~=-
. . g+2
- Multimod cu salt de indice 0 ]
V2 /;//_!-_.
g=0 = Nz7 8 =
6 s
> Multimod cu indice gradat VI F
2 rg
g:2 — Nz\/— ) —I"'
4 i

0
0 10 20 30 40 50
- Monomod Nistiibes oF Tiodas 3

V <V, =2.405 exista un singur mod (solutii fc. Bessel)




Exemplu

» fibra tipica multimod
o g:2
o 2a =50um ->a = 25um
-NA=0.21la A=1um

V :27Z%NA:272%0.2:2-E-5%31.4

2 2
g=2 = N=L =3 oy
4 4




Propagarea in fibra monomod

» Propagarea luminii Cladding

poate fi explicata -~ l I ++‘M |

doar prin teoria |
; Cladding
electromagnetica

Part of wave extends into cladding

» Energia campului se extinde in
teaca (diametrul efectiv al spotului
luminos - MFD, Mode Field \
Diameter) Field

Amplitude
» MFD > 2a p
» Adancimea de patrundere in teaca

depinde de lungimea de unda,
generand dispersia de ghid

A
Y

Fibre

Cladding Cladding

Fibre Fibre




Modelare

Through the Wormhole
S02E07 How Does the Universe Work

Cladding

Core I

o
-g-?-

Cladding

Part of wave extends into cladding




Fenomene de interes

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

» Cat de rapid pot transmite informatia
- dispersie




Reprezentare logaritmica

L or P P P
Pierderi{dB|=10-1lo out ~10- ~ 1=10. =
|dB]= gl{ P.n] P[dBm]=10 Ioglo[Poj 10 Iogl{lij

- log,o (P / 1 mW)

+0.1dB =1.023 (+2.3%) 3 dBm =2 mW

+ 3 dB =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
-10dB = 0.1 -10dBm =100 uW
-20 dB = 0.0l -30dBm =1 uW
-30dB = 0.00 -60dBm =1n

[x] + [dB] = [X]

[dBm] + [dB] = [dBm]




Calculul atenuarii

Pierderi = P;’“t /
N P

Pierderi[dB]|=[-]10- Iogm( POUt]

_ ] Pout . PO —|— . i B &
P|erderl[d|3]—[—]10'|0910( ) =[-]10 _|Oglo( ) j Ioglo( P,
Plerderl [dB|=[-](P,,;[dBm]- P, [dBm ]

Pierderi[d B]

Atenuare|dB/km |=

lungime[km ]



Atenuare

» Macrocurburi

- utilizator, localizat, dB
» Discontinuitate in fibra

- utilizator, localizat, dB
» Microcurburi

- distribuit, tehnologie, dB/km
» Imprastiere

- distribuit, tehnologie, dB/km
» Absorbtie

o distribuit, material, dB/km




Macrocurburi




Efectul curburilor

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

n creste Slower




Discontinuitate in fibra

» Apare cand nu putem considera fibra un
singur ghid dielectric
- defectiuni
> cohectori

utilizator, localizat, dB

Air Ihqidenf Glass | Incident
light light

4% 4% l l 2 :
reflection ['] v T'T reflection T T h [ A — A

Glass Alr -

96% |
96% . transmission
transmission

ARAR/ ARAR A=N-A




Microcurburi

distribuit, tehnologie, dB/km
A=A L
AldB|= A [dB/km]|- L[km|




Imprastiere

distribuit, tehnologie, dB/km
A=A L

h AldB|= A [dB/km]|- L[km|



Absorbtie

Attenuation
A [dB/km]

100 — The five (six)
optical windows.

2 5

10 —
1 :
Rayleigh Wave-
scattering IR length
KEWEbars absorption (nm)
| | | | | =
400 800 1200 1600 2000

distribuit, material, dB/km
AldB|= A [dB/km]|- L[km|




Difractie Rayleygh

» imprastierea luminii (si a altor radiatii
electromagnetice) de particule (molecule)
mult mai mici decat lungimea de unda

pra
=
2
I=
=
w
e
Q
[
=
(]
Y
o
(s)]
c
-
2
—
M
Q
w
it
c
]
o
)]
o

M
w

Rayleigh scattering gives the
atmosphere its blue color

o]
o

-
[,

-
o

w

o

500 550 600 650
Wavelength (nm)




Absorbtie OH -

4 Scattering

4 AbSOrbtle . / OH Absorption Peaks
> 950nm ,
> 1244nm . //
© ] 383nm 0 | — > Wavelength (pm)

| I [ | | I [
0.7 08 09 1.0 1.1 12 1.3 14 1.5 1.6 1.7

Infrared Absorption
Loss

nE -
T ] " ] m 1995Fiber
0.3 | ] u e 20005MF28
]
— T ]
E 07 u -
= ] |
S 0.6 ] ] g
= m
E 0.5 _ u [ | -
i n ol -
] [ |
0.4 '|II. ||
- e®® L E PN
0'3‘ -;;M#;%Tm
1360 1370 1380 1390 1400 1410 1420
Lambda (nm)

Fiber Attenuation Comparison




Atenuare

Ey(zl) — Ct e_a-Z]_ . ej(a)-t—IB-Zl) Ey(ZZ): Ct e_a.zz . ej(w't_ﬂ'ZZ)
W,P~[E®

P2 _ Ctz . e—Za-ZZ _ e_za.(zz_zj-)

R Ct?.e?%4

AldB] =10log4g % =10log,, [e—Za-(Zz—Zl)]
1
A[dB]=-20-a-(z, - z;)logyp e = —8.686 - - (2, — ;)

A/ L[dB/km] = —8.686-c <0

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

A=




Calculul atenuarii

Pierderi = - Ot /
Pi
P

Pierderi[dB]=[-]10- Iogm( °“t]

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

A=9—-®

Atenuare[dB/km | =

3

Pierderi[d B]

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




Limite putere/banda a
dispozitivelor optoelectronice

Power Power
[mW] [dBm]
10mW +10

Laser@iodes \
TmW — ]
. LEDs ‘\\ - 10
_ \ L 20
THW — — -30
— — -40
— — -50
Modetectable Signal
TnW T T T -60
™ 10M 100M 1G 10G
Bitmate [hit/s]




Four-Wave Mixing, FWM

Two Channels Three Channels

- ... Signal Wavelengths " - - o

... Spurious Side Modes .

o lo: bl P

N=2,NL=4
N=3,NL=9
N =16, NL=1920

.




Fenomene de interes

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

» Cat de rapid pot transmite informatia
- dispersie




Dispersia

» Propagarea cu viteze diferite a radiatiilor cu
trasee/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 gy I
a,
: S g tal ¢
el
a) b) c) d)
L C
t,=— tc = V=— cosa. = NA
Vv V-COSa, n,
L-n, (n,—n L-n,
At =t —t, = 2. | =2 1 Atg, =t -l =—"-A
Sl C 0 C ( n2 j C
A=""h g Aty =1 1t = - -(NA)
- 2-C-n,

At,, — dt



Dispersia modala

» salt de indice

2 2 —
gt= L e[ —n ) L-NA"intarziereaintre A= .~ 1
c-n n, 2-c-n, moduri cand n

1(dt)
Arriod:_(_j
3 2

L-n,-A _ L-NA?

2./3-¢c ~4\@-c-n2

» indice gradat

dt_L-nZ-AZNL-NA4

2 8-cnd NA=0.1-0.2<1
n, - miez
n, - teaca
n, > n,; !l

"~y




Dispersia modala

» Mai mare la fibre multimod cu salt de indice

» Mai mica la fibre multimod cu indice gradat
> traseele mai lungi trec prin zone cu indice mai mic

» Inexistenta la fibrele monomod




Dispersia de material

index S|Oz
148 -
147 ngr -
146
145 4 n
144 L S e e A LA R AL LR NN |
05 10 15 20pm
lungimea de unda
dn
ngr =N —ﬂ,a
2
L-A-AA d“n
Az-mat — ) 5
C dA

20 -

10

-10

| dispersion .-

A Dispersion
[ps/nmxkm]
Total
— intramodal
dispersion

Material

Wavelength
[Mm]

.
[
—
" -,

Waveguide
dispersion




Dispersia de ghid

» Neglijabila in fibrele multimod fata de
dispersia modala

Ar — n-L-A AA V dZ(Vb) b - constanta de propagare
gh C 1 dV2 normalizata

.......... : (07, seeesssesesesssosssusssontsns e ot 535 AR AR RSB e
i dwp)
12 db o5t
- :
15 o] IRRS——— S——. Y - SA——
[ 05F
0.75F
: 0.4
0.50F
0.25} 03F
0 i 0.2 i i ; i
0 20 21 2.3 22 24
Fiber parameter, V

Fiber parameter, V

V <V, =2.405




Dispersia cromatica (gh+mat)

» Variatie aproximativ

A Dispersion

liniara 50 | [Psinmxkm] .
] ota
» Caracterizata de l | ~ intramodal
] Material dispersion
panta SI pu nCtUI de 10 - dispersion .
trecere prin O ] Wavelength
[um]
0 | | P
1o 1.7
Waveguide
-10 dispersion




ispersia cromatica (gh+mat)

o Az, =D(1)-AL-L
<1 km Mltmd step index

*%W—%E% %E.E%EE% D(2)=2. [z-ﬁj

4 23
‘ ‘ ‘ L So panta dispersiei -
ssssssssssss Receptio ps/nmz/km
Wlldfdpl s but not absolutely Pulse bro d g sed by the las ptlwdth
oooooooooo and the differ btW n the refra t
Typ | spec thdth 0.8 nm th red a de ends of the light pulse D(ﬂo) :O

» DN = 100 + 0.4 (850 A\) [ps/nm/km]
nentru 800 < A < 900 nm

ventru 1285 < A < 1330 nm |D(A) ==2.

» D) < 3,5 ps/nm/km S, Lﬂ“ﬂgj
» DAA) < 17 ps/nm/km )

~_pentru 1525 <A< 1575 nm



Calitatea spectrala a emitatorilor
optici Az, = D(ﬂ) L

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




Calitatea spectrala a emitatorilor

optici

» degenerarea nivelelor energetice
duce la aparitia benzilor
energetice

» Multitudinea de tranzitii posibile *
intre cate doua nivele situate in
benzi energetice diferite duce la

largirea caracteristicii spectrale a
surselor

With magnetic field
Without magnetic field

Splitting of energy levels in the presence of an external magnetic field

Relative i
output power

b ) A
2 2

ﬂ@{ﬂo——,m

He-Ne Gas laser

}d approx. 1 kHz

Laser diode
<0.2 nm

Laser diode
A\

~
| y

Nominal emission Wavelength
wavelength




I I i ﬁ_ —s iy
[}
e N e La S e I Hf.hrn’ 3P
I collision
25—{ _+_ » 25 6328 nm
143 pm

o

I
4000 - i | 2p
632.8 nm Lo Fasr radiative
} . | fromsitons
3500 - . B
B Excitarion )
o ix
S hy electron v
3000 - corflision :
i i | Diffusion
| i iowalls
@ 2500 - i | |
b i '
§ I ! Crrond J
i 2000 - Helium "™ Neon
»
§ peak of gain curve
£ 1500 - . = 4.738 x 10"Hz
oin |- S5
mode spacing Z ]
10001 = 500MHz
= 6.7 x 10*nm ‘ —
500 - \
Doppler FWHM —/
= 1400MHz

0 . , : . : . . lax 10 nm —= \ cavity FWHM
300 350 400 450 500 550 600 650 =1.2MHz
=1.6 x 10°nm

Wavelength (nanometers)
CAVITY RESONANCES

AA =0.002 nm




Dispersia modala

A
. L
3-A A+A+Al 1L i AT =AT,;
!
! m
| | | |
T Tol 11 I TotAT+T
Impartire energie | B
pe moduri | A Recombinarea
A : A : : : : : energiei modurilor
| I B
I
|

T To |

viteze diferite Lo

i I I
m2,V> AI . tv1>v2>v3| A; | ‘

T

To+AT;; | To+ AT +T

A3: Ll :

! T0.+A1:]3 ! TOTI-AT'|3+T

Conceptual> f (t)= jw g(w)-e'*dw

—00




Dispersia cromatica (gh+mat)

lungimi de unda

}\a] !v] M'nfansmisie cu AM
T To

| viteze diferite Lo 9,

A2 Vs AI . tV1>V2>V3' A E:j II t

T To+AT;; | To+ AT +T

}\,3 ,V3 A E ¢ A3 : t | | | ¢
I

V> Vo> Vg T | To+ATy3 | To+AT3+T

A
. )
3-A A+A+Al 1L T T AT =AT,
|
m
t | t
1 1 | |
T Tol 11 I TotAT+T
Impartire energie pe | o1
lungimi de unda | A Recombinarea
A i A : : : : energiei la diferite
l e

Efectiv> f(t)=] g(e)-¢™do

—o0




Dispersie exemplu - 1




Dispersie exemplu - 2
» 1550nm
» Efectul sursei

> fibra monomod cu dispersia 16ps/nm/km@1550
- latimea spectrala a sursei AA=1nm

Az, =D(1)-AAd-L

> 50km
After 50 km
Standard single-mode fiber
Laser spectral bandwidth 1 nm STM-4, 622Mb/s
Az, =D(A)-AL-L :! . . . >
Dispersie,
Az, =16-1-50 ps =800 ps 800ps STM-16, 2.5Gbrs
. RN e
At |= -nm-km= ps
[Are ]=—=— p

100<400<800<1600




Dispersie exemplu - 3

» 1550nm Arcr:D(ﬁ)L
» Efectul sursei

> fibra monomod cu dispersia 16ps/nm/km@1550
- latimea spectrala a sursei AA=0.1nm

+ >0km A T et
Ao = D(/I)-A/i- L Dispersie, I >
At, =16-0.1-50 ps =80 ps STM-16, 2.5Gbls
p SN R
Az, ]= nm.Skm,nm.km: ps gci}%%ersie, |
WHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH :

100=80<400<1600




Dispersie exemplu - 4
Az'crAﬂ-L

» Efectul fibrei
> fibra cu dipersie deplasata: 4ps/nm/km@1550
> latimea spectrala a sursei AA=0.1nm

> 50km

Az, =D(1)-Ad-L

At,=4-0.1-50 ps =20 ps

Az, ]=—P°.nm-km= ps

nm-km

After 50 km
Non-zero dispersion shifted single-mode fiber

Laser spectral bandwidth 0.1 nm STM-4, 622Mb/s

| -
-

_| Dispersie,
20ps

STM-16, 2.5Gb/s

STM-64, 10Gb/s

LR

|-
|

20<100<400<1600




Dispersie exemplu - 5
At,, = D(/I)-AA@
» Efectul fibrei

- fibra cu dipersie deplasata: 4ps/nm/km@1550
> latimea spectrala a sursei AA=0.1nm

> 150km
After 150 km
Non-zero dispersion shifted single-mode fiber STM-4. 622Mb/s
Laser spectral bandwidth 0.1 nm .
Az, =D(1)-AL-L l g
Tcr - ) ’ _ll Dispersie,

60ps
STM-16, 2.5Gb/s

AURRRTA R URURTNAA RN R AR RTA i -

S
[ATC,,]Z nmp. km-nm-km: ps ___Gg}%sersie,

At, =4-0.1-150 ps =60 ps

STM-64, 10Gb/s

Dispersie,
60ps

60<100<400<1600




Sumarea efectelor

» efecte succesive se aduna liniar
AT, AT,
A A

4 N

At = A1, + AT,

» efecte simultane se aduna patratic
AT o AT,

mod?
N

-

ATy = AT + AT

mod




Dispersia

» Dispersia modala
» salt de indice

Az :L n,-A _ L-NA?
- 2\@ c 43,
» indice gradat
S .A* _ L-NA*
™= 3 16\@~c-n§
A=0.01-0.02<<1
NA=0.1-0.2<1

» Dispersia cromatica
Ar, =D(1)-AAd-L
SO

D(4) = >0

A

. 2 2
z-tot o \/ATcr T AZ-mod




Banda

» Dispersia totala
ATy :\/Afczr + A7, sau At =A7, +AT7,

mod
» Banda
. 0.44

A z-tOt [ns]

"~y

|GHZ]

opt
» Banda optica la 3 dB corespunde unei benzi
electrice la 6 dB
? I:)opt - I’ I:)el - |2 Bopt :\/EBeI
» Viteza legaturii

V[Gb/s]=2-B,[GHz ]




Produs Banda- Distanta

L-n,-A  L-NA?

ATmod = =~
2\/5 © 4\/5 e, ATy = \/ATCZF +Az-riod
Ar, =D(1)-AA1-L
Az, =const - L
0.44
Bopt = ATtot [I’]S: [GHZ] Bopt = \/EBeI V [Gb / S] ~2- Be|
v[Gb/s]= COESt

V|[Gb/s|- L[km] = const




Produs Banda X Distanta

At .4~ L Az, ~L At ~ L

1 1

V|[Gb/s]~ B, [GHz]~ T
tot

V[Gb /s]x L[km] =ct.

B,,[MHz |x L[km] = ct.




Dispersion shifted fibers

» Sticla are (nativ) dispersie
cromatica 0 la 1310nm

» Atenuarea e mai mica la
1550 nm

» EDFAErbium doped
fibre amplifiers)
opereaza in banda
1550nm

» Sistemele WDM
(Wavelength division
Multiplexing) necestia
banda larga amplificata

A

L1}

Dispersion
| [ps/nmxkm]

0 ] T T T / > )\.[“m]
1 1520 154 1560 1580
-1 -




Non-zero Dispersion shifted fibers

Dispersion
[ps/nmxkm]
3
2=
1 B Wavelength
: / [nm]
0 e
FWM 13 = 00
X 4 4 2 -
& o 0.57
A123,213 Ra12 ha1, 231 : 2
’ -3 g 03]
13 M1z k23 Aozt haz2 Az : E 0.1 q I : I I I l
< 40 0 10
Radius [um]




Dispersion shifted fibers

Single .
clodd?ng "

—— —— B o T &
Quodru N

_~ ..................... o CIGddl g ........... ny

:

N O

Dispersion

(ps—km=T—nmi~1)
&
%:

eh c'cdd'ng ..... ................ et

1200 1500 1800 IR

Wavelength (nm)

(a)




Fibra pentru compensarea

dispe

rsiei

Transmit

Light
pulse

Dispersion

standard
fiber ==

standard standard

A
) y

DCM = Dispersion compensating
module

» Dispersie: =100 ps/nm/km
» Atenuare 0.5 dB/km




Catalog - monomod

Mechanical Specifications

Proof Test
The entire fiber lengeh is subjected o 2 wensile
stress =100 kpsi (0.7 GPa)*.
*Higher peoof test levels available

Length
Fiber lengehs available up to 50.4° km/spool.
*Longer spliced lengths availible.

Performance Characterizations

Characxerized parameters are eypical values.
Core Diameter 8.2 pm

Numerical Aperture 0.14
NA is measured ar tbe one percent

e of a ome-dimension.

310 mm.

Z on
Wavelength (.,) 1317 nm
Zero Dispersion Skope (S,) 0.088 ps/(nm’-km)

ive Group Index 1310 nm: 1.4670
pseeL0\ 330 noa—togy

Fatigne Resistance

Parameter (N,) 20

Coating Strip Foree Dry: 0.6 lbs. 3N)
Wet, 14-day room temperasure:
056 ths. GN)

Rﬂym lmlmm'

(r- las Me Width)

Stimulated Brillowin

Scattering Threshold 20 dBm"

Nares:

(1) When characxerized with 2 wransmitser specifying 17 dBm SES
shreshold over sandard single-mode fiber. While sbsobste SBS
threshold is 3 fimction of disiance and signal format, NexCor fiber

offers 3 3 dIl improvement over sndard single-mods fiber independent

‘of these variables.

Formulas

Dispersion
: S (LY
Dispession = D8y = 5 | A= =2 | psioeneion)
for 1200 nm £ 7.5 1625 nm

% = Operating Wavelength
Cladding Noa-Circularity

Chdding = Min. Cladding Du x'ncu-r] 2100

Non-Circnlaity Max, Cladding Diameter

How to Order

Consact your sales representative,
or call the Opeical Fiber Customer
Service I)c]nnmm:

Email: opricalfbos@oming com
Please specify the fiber gype, atenuation
and quansity when ondering.

Ome Riverrome Plaza

Q*NYHBI

hmxzs.zm(u.sdmu-}
7868125 (Incermaciceal)

Indonesia
hmlm&ﬂl—ﬂﬂ
Fr 001-§03-015-721-1262

Ph 1800803456
Fe 1800803155
Ph 1-00-1-116.0338

Fa 190011160339
Phe 90-1300.955

Fx 8001300956
Thailand _

Ph 001-800-1.3.721.1263
Fa 00180013721 1264
Iﬁm

thl?-'lMﬂ
l‘”ﬂ 7624996

n;m.m.ns.mo
Fx: 001-800-339-1472

Venensela

Phe $00-1-4418
Fr S00-1419
Greater China

P 30 10:6505.5066
Fx. (H6) 10-6505-5077

e S
Fx (452) 25072152

mﬁzumm
21-6288.1575
Ph: 2.2716-0338

2&? ety

Nﬂrnnh-f.-dc-ulm
o
mnhlg Corning Incurporsed,

Rmﬁw—gﬁ!nwm
et : din

Jar-naasam ar 1310

Zero Dispersion

1317 nm

1310 nm: 1.4670

(5,) 0.088 ps/(nm’-km)

‘@&L
©2005, Coenig Incurparced

20

10

-10

-20

Total
—— intramodal
dispersion

Wavelength
[um]

Waveguide
dispersion




Catalog - multimod

+

Bandwidth

Standard Bandwidth Cells

850/1300 nm (MHzekm)

4807400
400%g00
400/1200
5007500
6007600
60071000

Other bandwidth cells available upon request.




Fibra standard ITU G.652

Diametru teaca = 125 um
MFD = 910 umla 1300 nm

Pierderi de curbura (Ia 1550 nm) mai mici de 1 dB
pentru 100 spire de fibra rulata pe un mosor cu
7.5 cm diametru

» Dispersia in banda 1300 nm (1285-1330 nm)
mai mica de 3.5 ps/nm/km. La 1550 nm
dispersia trebuie sa fie mai mica de 20
ps/nm/km

» Viteza de variatie a dispersiei (panta dispersiei S,)
mai mica de 0.095 ps/nm?/km

ITU (International Telecommunication Union) is the United
Nations specialized agency for information and
communication technologies - ICTs

v v vV Vv




Fibra optica din plastic (POF)

Attenuation dB/Km
1,000 ¢

500 | 7,

B \
300 Standard PMMA POF /\
200

100 | /\
il T~
30

20 deuterated d-8 PMMA
core fibre

1%oo 400 500 600 700 800 900
Wavelength (nm)

Atenuare 180 dB/km
NA = 0.3

Diametru T mm

Banda 125MHz (100m)

v Vv Vv Vv




Contact

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

.



