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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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Bonus (~0.5-4.15)

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)

o et s o e e e e 1o 2o o e

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 pot intra in examen
Bonus-Uri acumulate

» Minim 7 prezente
» 0.5p/3prez

» 3 teste

» foto <C7/<C9




Fibra optica
Capitolul 4




Aplicatii majore

» Comunicatii

> Infrarosu (InGaAsP)
» Vizibil
> Spectru vizibil (GaAlAs)
» luminare
> Putere ridicata, lumina alba (GalnN)

» Energie solara
- Efect fotovoltaic (Si)




Benzi de lucru in comunicatiile
optice
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Atenuarea 1n fibra optica (SiO,)

Attenuation
A [dB/Km]
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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 )




Optical ——
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Unghi de acceptanta, apertura
humerica

» Unghi de
acceptanta
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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
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Frecventa normalizata

» Frecventa normalizata

V=27z%NA=k-a-NA a - raza miezului k = =2

» Numar de moduri
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Frecventa normalizata - monomod

4

[8/k)-n)/yn)

b=

Fibre monomod

1.0

O
0o

b - coeficient de propagare
modal relativ

V <V, =2.405

exista un singur mod (solutii
fc. Bessel)

NA

A3 =n 28 NA= 722
Ve 2.405

Exemplu:

2a = 8.5um

NA=0.11

Ade =7 8> 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

Ey(zl): Ct.e—a-21 ,ej(a).t—ﬂ.zl) Ey(ZZ): Ct.e_a.zz .ej(a)'t_ﬂ'ZZ)
W,P~[E?

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

P Ct?.e%n

A[dB] =10 IOQlO % =10 |0g10 [e—Za-(Zz—Zl)]
1
A[dB]=-20-a-(z, — z;)l0g; € = —8.686- - (2, — 7;)

A/L[dB/km]=—-8.686-a <0

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

A=




Reprezentare logaritmica

] _ P
Plerderl[dB]zlo-Ioglo( POUt] P[dBm]=10- Iogm[Pj 10- Iogm( P j

+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 dBm = 0.5 mW
-10dBm =100 uW
-30dBm =1puW
-60dBm =1nW

[x] + [dB] = [X]




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




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 (~TW)

» 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 =" ol

.- Spurious Side Modes . .

o los el T

20— ®:2 20—

1

NL=§m3—Nﬁ

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

p—




Limite putere/banda a
dispozitivelor optoelectronice

Power Power
[mW] [dBm]

10mW +10
Laser diodes \
TmW — 0

- LEDs \\ _ 10
i - Lo

W ~ -30
— — -40
i — -50
No detectable signal
1nW [ I I -60
100M 1G 10G

Bit rate [bit/s]




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)

5
AL AM

- de ghid




Dispersia modala

nnmniEin /JD@LHHHEL

Transmit side Receive side




Dispersia modala
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Dispersia modala

» salt de indice

2 2 . . . —nN
dt = L-ny[n,—m ) L-NA" intarziereaintre A= il B
c-n n, 2-c-n, moduri cand n,

dt
Az-mod 3( 2 j

L-n,-A _ L-NA?

2+/3-¢ ~4\@-c-n2

» indice gradat
o LN & L-NA'
2c 8-c-n; NA=0.1-0.2<1
L-n,-A° n, - miez

43¢ n, - teaca
n, > n; !l

A z-mod

A Tmod =




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
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Dispersia de ghid

» Neglijabila in fibrele multimod fata de
dispersia modala

2
Ar. — n-L-A A -(V d (Vb)] b - constanta de propagare

gh c 1 normalizata

dv 2

0.7 R s ....................................

06 F

05k

20 21 23 22 24
Fiber parameter, V

V <V, =2.405




Dispersia cromatica (gh+mat)

» Variatie aproximativ

A Dispersion

liniara Jo | [ps/mmxkm]
. Total
» Caracterizata de l | ~ intramodal
] Material dispersion
panta S| pu nCtUI de 10 4 dispersion .-
trecere prin O ) e lendth
[um]
0 | | I
15_ _ 1.7
AT p— D(ﬂ/). Aﬂ/ . L Waveguide
Cr -10 dispersion




ispersia cromatica (gh+mat)

s Az, =D(2)-AZ-L
<1 km Mltmd step index

+%ﬁ_%$% %&'EE%’E% D(z):S—O-[A-E]

4 13
‘ ‘ ‘ L So panta dispersiei -
nnnnnnnnnnnn Reception: pS / an / km
Wlldfdpl s but not absolutely Pulse broaden g sed by the las ptlwdth
ooooooooooo and the differ btw n the refra t
Typ Ip tlwdth 0.8 nm th red a de ends of the light pulse D(XO):O

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

pentru 1285 < A < 1330 nm D(A):I.

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

_pentru 1525 <A< 1575 nm



Calitatea spectrala a emitatorilor
optici Az, = D(/I) 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

With magnetic field

» degenerarea nivelelor energetice / =
duce la aparitia benzilor N ——
energetice

. . . wm . . =1 /v_\i_ V\: vv :rio
Multitudinea de tranzitii posibile D
intre cate doua nivele situate in b1 o
benZI energetlce dlferlte duce |a Splitting of energy levels in the presence of an external magnetic field
largirea caracteristicii spectrale a
surselor

Relative He-Ne Gas laser

output power k approx. 1 kHz

0
Laser diode
AA AA
ﬂ,o % 2,0 — T ﬂ,o + - Laser diode
=2 nm
2 2 A\
Nominallemission \:‘:Zvelength
wavelength




Intensity (counts)

He-Ne Laser

4000 -
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= 6.7 x 10*nm —
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= 1400MHz
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=1.2MHz
=1.6 x 10°nm

CAVITY RESONANCES

AA =0.002 nm



Dispersia modala

| | | | |
| | | | |
3:A A+A+A | 1 L) T AT =AT3
|
! m
i To

Impartire energie |

|
:T0+AT]3+T
|
|
|
pe moduri | o Recombinarea
A : A i i energiei modurilor
|
A Transmisie cu A, o
m],V],d] %Viteze’ distante %
i diferite ol I To+T |

mZ!VZ!dZ AI . t ;> tL,> Az | .

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

m3,V3,d3 AE ¢ A3 : | | | | )

> 6>t

:T | Toj"ATls | To+AT3+T

Conceptual> f(t)= I_O:O g(w) e dw




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 ::j II t

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

}\,3 ,V3 A E ¢ A3 : t | | | ¢
I

V> Vo> V3 T | To+ATy3 | To+AT3+T

N T I R
|
I I B R
3-A A+A+Al 1 L |1 AT =ATs
|
m
t || t
| | | |
T Tol 11 I TotAT+T
Impartire energie pe | o1
lungimi de unda | A Recombinarea
o . P
A : AL energiei la diferite
l e

Efectiv> f(t)=] g(e)-e™do

—0o0




Dispersie exemplu - 1

tttttttttttttttttttttt

Az, =D(2)-A%-L L—
fiecare




Dispersie exemplu - 2
» 1550nm AT

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

=D(A)-AL-L

cr

> 50km
After 50 km
Standard single-mode fiber
Laser spectral bandwidth 1 nm STM-4, 622Mb/s
Az, =D(1)-A1-L ! . . . -
Dispersie,
At, =16-1-50ps =800 ps 800ps STM-16, 2.5Gb/s
. RN e
At [= -nm-km = ps
[Arer]=—=— p

100<400<800<1600




Dispersie exemplu - 3

» 1550nm ArcrzD(ﬂ)L
» Efectul sursei

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

- 0km AT moso o
Ar, =D(1)-AZ-L Lispersie, I I I >
At, =16-0.1-50ps =80 ps STM-16, 2.5Gbls
p AR,
[Afcr]: nm'Skm'nm.km: " SDCi}SppserSie, STM-64, 10Gb/:
MMWHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH :

100=80<400<1600




Dispersie exemplu - 4
Az'crA/i-L

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

> 50km

At, =D(1)-A1-L

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

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

|-
-

20<100<400<1600




Dispersie exemplu - 5
At = D(ﬂ)-Aﬂ@
» 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 K
>
Az, =D(A)-AL-L s l

ispersie,
60ps
STM-16, 2.5Gb/s

A PR T

S
[ATcr ] = P -nm-km= ps _ll Dispersie,
nm-km 60ps

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

STM-64, 10Gb/s

Dispersie,
60ps

60<100<400<1600




Sumarea efectelor

» efecte succesive se aduna liniar
At, Az,
A A

At =At, + AT,

» efecte simultane se aduna patratic
AT 41 AT,

mod !
A

-

. 2 2
ATtot T \/A Z-cr T A z-mod




Dispersia

» Dispersia modala
» salt de indice

Nr LA LNAS
"7 23.¢c 43¢,
» indice gradat
As L-n,-A°  L-NA*
mod = T3 lG@-c-ng
A=0.01+-0.02 <<1
NA=0.1-0.2<1

» Dispersia cromatica
Az, =D(1)-AAd-L
So

D(2) =~

A

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




Banda

» Dispersia totala
AT, =\/Arczr +AT? sau Az, =Ar, +A7,

mod
» Banda
. 0.44

A Ttot [nS]

~y

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

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




Produs Banda- Distanta

L-n,-A _ L-NA?
2\/§C 4\/§C n2 ATtot = \/ATCZI’ +Az-riod

Az, =D(1)-AA-L

112

A Z-mod

At =const- L

0.44

B =
o A Ttot [I’]S]

|GHZz] B, = /2B, V|[Gb/s]=2-B,

const

V|Gb/s]=

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




Produs Banda - Distanta

At 4~ L Az, ~L At ~ L

1 1
V|[Gb/s]|~ B,[GHz|~ e i
tot

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

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




Dispersion shifted fibers

» Sticla are (nativ) dispersie
cromatica0la 1310nm

» Atenuarea e mai mica la
1550 nm

» EDFA (Erbium doped
fibre amplifiers)

» opereaza in banda
1550nm

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

A

L1}

Dispersion
| [ps/mmxkm]

0+ / > Alum]
1 1520 154 1560 1580
14




Non-zero Dispersion shifted fibers

Dispersion
[ps/nmxkm]
3
2=
1 = Wavelength
J / [nm]
0 1 L
FWM 1 _: é 09_
) 7 6 0.7
A A 3 -2 __ -E =
: ) a1 o 0.57
M123,213 Rz Aa21, 231 : 2
’ -3 § 03]
Ai1a Mz ha23 Moy R332 Aas : E 0'1 - I I I | | l
< 40 0 10
Radius [um]




Dispersion shifted fibers

Single .
clodd?ng "0

m
Quodru n, S

_~ ..................... - ClGddl g ........... ny

:

N O

Dispersion

(ps—km=T—nm~1)
A
%3

N .ddg ..... ~

1200 1500 1800 IR

Wavelength (nm)

(a)




Fibra pentru compensarea

dispe

rsiei

Transmit

Light
pulse

Dispersion

standard
fiber ==

standard standard

N
) =

DCM = Dispersion compensating
module

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




Catalog - monomod < 2
— - D(1) ==

or call the Opeical Fiber Customer

Service Depanment:

Ph: 607-248-2000 ( ind Canada)

144124428 ‘rope)

Email: opeicalfbs@mming com

Please specify the fiber sype, atenuation
and quansity when ordering.

Mechanical Specifications

Proof Test N far-naa scam at 1310

“The entire fiber lengeh is subjected e a eensile One Rivecfrone Plaza B

stress =100 kpsi (0.7 GPa)*. 5y bl

*Higher peoof test levels available. &MMS-‘M l 5 l-

Length 2 mermicoal 21/ nm

Fiber lengehs available up to 50.4° km/spool e :

*Longer spliced lengths availible. Ermail: cofic@coming.com > t - I I L
. i 5y} 0.088 ps/(nm’<km)

Performance Characterizations Phe00 800 6620 6621 (UK, I

Characxerized parameters are typical valucs. Swed 1310 nm: 1.4670

Core Diameter 8.2 pm

Numerical Aperture 0.14
NA it measured a the one percent
awer level of a one-dimensional
210 .

Port Dispersion Indanesiz
Wavelength (1.,) 1317 nm e
Zero Dispersion Skope (S,) 0.088 ps /(nm'+km) .
igtive Group fndex 1310 mn 1467
1550 nm =
o) 1550 nmd e
Fatige Resistance Ph: 1-800-1-116-0338 /
e Smai - e 20 - [ps/n
Coating Strip Foree Dy 06 s GN) et 53 Total
n.l-&-da'rwmtcmp:mum Fx $00-1300-956. ola
0.6 Ibs. (3N Thailand
Ph: 001-800-1-1-721-1261 .
Rokigh Busaater FE A 70 | —— intramodal
(Inrlml’uk: Width) 1550 "‘“""" s -
Stimulted Brtbuin Bhoetrse2.42 dispersion
Sattering Theeshold 20 dBm" Fx 00817-762.4996.
L. Mexico
Nres: =
(1) When charscrerized with a ransmitier specifying 17 diim SHS Fxlﬂlm}l’g 1 O
threshold over srandard single-mode fiber. While shsolusce SBS
shreshold s 3 funcrion of distance and signal format, NexCor fiber m'hu“". g
offers 3 3 dI} improvemen over siandand single-mode fiber independerst Fr S00-1.4410
e GuateGins _ Wavelength
Fmail: GCCofic@corning com
Formulas i : :
B, 1045055206 [um]
Dispersion F (86) 10.6505.5077
=
Dision = D ] Bk 0 | | i
for 1200 010 < 7 5 1625 nim e i le 1 7
%= Operating Wavelength F: (46) 21 62881575 e
“Tiwan | e
Cladding Noa-Circularity g%ﬁm
Chdding _[,_ Min. Cladding Dismerer ] Niwhm' nd Corsing and SMF-26e. Wave u Ide
Nen-Circalacity = [ Max, Cladding Dismeter J - 109 m FECoy iy . g )
Tt -10 dispersion
e
2005, Cornzg Incurpumisd
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Bandwidth

Standard Bandwidth Cells

850/1300 nm (MHzekm)

4807400
400Xq00
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 Sg)
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 |
300
200

100 |

50 | \_\_//\
30
20 deuterated d-8 PMMA

core fibre
1 I 1 L 1 1

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

Atenuare 180 dB/km

NA = 0.3

Diametru 1 mm

Banda 125MHz (100m)

v Vv Vv Vv




Contact

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

p—
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