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» Behzad™Razavi
Design of Integrated Cirguits for Optical
Communicatio

» cartel.pdf (2,3)
» 29 pg.

+1/2 probleme




Nsta subiecte

» Ampliffeqtoare transimpeda
> 4.1
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> 4.3.1

» Circyi€ pentru controlul emitatearelor optice
- J0.3
> 10.3.1
- 10.4
> 10.4.1 +1/2 probleme
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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]
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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




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

- distribuit, tehnologie, dB/km
» Imprastiere

- distribuit, tehnologie, dB/km
» Absorbtie

o distribuit, material, dB/km




Absorbtie

Attenuation
A [dB/km]

100 — The five (six)
optical windows.

10 —
1] :
Rayleigh Wave-
scattering IR length
KleWitibars absorption (nm)
| | | T | | =

400 800 1200 1600 2000




Dispersia

» Propagarea cu viteze diferite a radiatiilor cu
ungimi de unda diferite sau moduri de

oropagare diferite

> intermodala (modala - depinde de prezenta
modurilor)

> intramodala (cromatica - depinde de lungimea de

unda)

- de material
- de ghid




Dispersia cromatica (gh+mat)

lungimi de unda

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

| viteze diferite Lo 9,
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Sumarea efectelor

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

4 N

At =A7 + AT,

» efecte simultane se aduna patratic
AT 41 AT,

mod ?
N

-

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




Dispersia

» Dispersia modala
» salt de indice
L-n,-A  L-NA?
2J3-¢  4J3-con,

» indice gradat
L-n,-A°  L-NA*

Az-mod =

Az-mod =

443-c  164/3-¢c-n

A=0.01+-0.02<<1
NA=0.1+-0.2<1

» Dispersia cromatica
Az, =D(A)-AA-L

4

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




Banda

» Dispersia totala
At = \/Arczr +AT? sau Az, =At7 +A7,

mod
» Banda
. 0.44

Az-tot[ns]

~y

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

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




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




Fibra optica - Tehnologie
Capitolul 6



Continuare




Dimensionarea unei
legaturi pe fibra optica
Capitolul 7




Limite putere/banda a
dispozitivelor optoelectronice

Power Power
[mW] [dBm]

10mwW +10
Laser@iodes \

TmW  — 0

R LEDs ‘\\\ ~ -10

TpW — -30
— — -40
— — -50
MNodetectable SBignal
TnW T I I -60
™ T0M 100M 1G 10G

BitTate Ihit/s]

dB =10 - log;o (P, / P;)
dBm =10 - log,o (P/ 1 mW)

[dBm] + [dB] = [dBm]




Legatura pe fibra optica

Receptor

Emitator . .
Conectori Conectori

(0

Splice

Putereade  A;
iesire a
emitatorului

Marginea de putere

Sensibilitatea
receptorului




Pierderi - Apertura numerica

» Numai la trecerea de la apertura numerica
mai mare la apertura humerica mai mica

s

Transmitting Receiving
fiber fiber

——
-

2
NA,
Atenuare, . [dB|=-10-lo — T
NA[ ] glO( NA j

numai pentru NA < NA
Atenuare, ,[dB]> 0




Pierderi - Diametrul miezului

» Numai la trecerea de la diametru mai mare la
diametru mai mic (multimod)

» Bidirectional (monomod)
» multimod

2
Atenuare,,[dB]=—10-log, (gj

> > > = numai pentru @, < @, t
| » monomod (

Splice loss at the Mode field diameter Atenuareq) [d B] =-20- IoglO

splice will change

2'W1'W2
W + W5

bidirectional vw,, w,

w=MFD Il

Atenuare,,[dB]> 0




Pierderi

» multimod

Intrinsic Splice Loss (dB)

0

Numerical Aperture Difference

005 .010 .015 .020 .025 .030 .035
| | | | | 1 |

0.40

0.35

0.30

0.28 -

0.20 -

0.15

0.10 —

0.05

4

Core , /
Diameter S
/
/
/4
7-«—— Numerical
4 Aperture

0.00

| | | | | | I I

1 2 3 4 5 6 7 8

Core Diameter Difference (um)



Pierderi

» monomod
- predomina pierderile datorate diferentelor de MFD
> se poate neglija NA
- Bidirectional (MFD mic = mare si mare = mic)

0.10
0.08
0.06

0.04

~~
/M
=
~
o
o
B
<
=
=
L
—
o
<

0.02

0.00 T T T T T T
0.80 0.86 0.92 0.98 1.04 1.10 1.16

MFD (Ratio)



Pierderi

» monhomod

» tipic: cel mai dezavantajos pentru MFD =
9.3+0.5um -> A=0.04dB

Splice Loss Study

40%

S, 30% -+
Average = 0.021
Std Dev = 0.014

Frequenc
N
o
X

10%

0% - e e e T

0.05 0.10 0.15
Splice Loss (dB)




Pierderi - Nealinierea axelor

A
R E—— = E— oo :
o | | | | |
S m [ L ! I | |
° 35 4 T EEre i Tl I
® = | | : |
Lo I I [ | i
o £ 3+————— e s i 1
3 c I I I | |
s2 | | ' | :
9 © | | | I l
Q9 2 TEEsE e e Sl e T e e
8¢ P~ R
R L___ ____: _________ _1 _________ l _________ 1 Radial misalignment /
: E i I : Core diameter
| | | | L Re/Co
0.1 0:2 0.3 0.4 0.5
v o

I\

In fusion splicing, the In mechanical splicing,
fibers are centered due to alignment errors can be
the viscosity of the relatively large

melted glass




Pierderi - unghi

Angular
deviation o
[degrees]

NA +0.15

e o, e W il L |

|
e

|
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|
|
|
|
DOV 0 S e R
|
I
|
|
I

15
1.0 aa—

[gp] uoneinsp
Jejnbue 0} anp ssoO7




Pierderi - distanta

» Se foloseste un gel cu indice de refractie egal
cu al fibrelor

» Se aduna pierderile generate de reflexie pe o
lamela (pana la 16%)

Loss due to longitudinal separation [dB]

| [ A
| |
| I
I = <
i
' w Separation Lg /
é/ | Core diameter Cp,
i | -




Exemplu

» Trebuie sa realizati o legatura pe fibra optica
pe o distanta de 50 km la o viteza de 1Gb/s.

Emitatori: = 1.5mW (AA=2nm,
diverse \)

NA = 0.17

$d = 13um

Pierderi splice (tehnologie)

0.15 dB/splice

Pierderi conector

0.5 dB/conector

Receptor: Sensitivitate = TuWwW

Cablu conexiune: L = 20m NA =0.12 fibra: 11/125 pm
Cablu conexiune: L = 20m NA = 0.15 fibra: 11/125 pm
Fibra 1 8 X 5km
Fibra 2 4 X 10km
Fibra 3 8 X 5km
Fibra 4 4 X 10km

NA = 0.25 ® = 30um




Catalog

Optical Specifications

Fiber Attenuation Cable Cutoff Wavelength (2..f)
Aas = 1260 nm
| Maximum Value®
(nm) (dB/km Mode-Field Diameter
1310 33035 Wavclength MFD
13837 31-035 (lr;r:g '7%!")0 .
1390 21024 EPYE
1550 19020 1550 106205
1625 020-023
*Maximum specified asemston vahie svallible within e suncd rnges. | Dispersion
i ron
A R pasch Wavelength Dispersion Value
Ahernate anenustion offerings svailable upon requese (nm) [ps/(nmekm)]
1550 =15
.
Range Ref A Max. a Difference e =
e “’:f]'“ Zero Dispersion Wavelengeh \,): 1310 nm = &, = 1324 nm
= gy Eh . -
i B o5 Zero Dispersion Slope (S, = 0.092 ps/(nnvekm)
The acienmation in a given wavel does oe excoed the
T v Polarization ode Disperson (PMD)
Loss —_ Vilepsvm)
Mandrel | Number  Wavelengeh  Induced ;'“En ‘;‘:‘ DERI- e jﬁ‘
Damecs, of (m) - AeemBON® L licswith IEC 60794.3:2001, Secion 5.3, Mechad 1,
(mm) Tumns (dB) Sepeember 2001
32 T 1550 =003
M 100 131d =0l “The PMD link design vals i 2 term used o deseribe the PMD of
50 L 131 2] 3 lengih of fber (sl known 25 PMD)). This vahue
o A1 =0.03 reprosens 2 sutitical upper limit for toeal link PMD. Indivicual PMID
Mieiicied due t fber d 2 mandrel of values may change when cabled. Coming’ fber specificacion supports
o neework design requirements for 2 0.5 p¥km maximaam PMD.
Paint Discontinuity
Wavelength Point Discontinuity
{nm) (dB)
1310 =005
1550 2005

Dimensional Specifications

Glass Geometry Coating Geometry

Fiber Curl = 4.0 m radius of curvature Coating Diameter 24545 pm
Cladding Diameter 1250+ 0.7 pm Coating-Cladding Concentricity <12 pm
Core-Clad Concenericity = 0.5 pm

Cladding Non-Circulariey = 0.7%

Environmental Specifications

Induced Attenuation

Environmental Tes: Test Condition 1310 nm, 1550 nm & 1625 nm
(dB/km)
“Temperature Depend -60°C to +85°C* =0.05
Temperature Humidiey Cyeling -10°C o +857C* up 0 98% RH =0.05
Water Immersion 23%:2°C =0.05
Heat Aging 85" 2°C* =0.05

*Referen sermeratare - <21,

Operating Temperature Range: -60°C to +85°C

Mechanical Specifications

Proof Test
The entire fiber length is subjected o a tensile
seress =100 kpsi (0.7 GPa)*.

*Higher peaof test levels available.

Fiber lengths available up ro 50.4* km/spool.
“Longer spliced lengths availible.

Performance Characterizations

Characxerized parameters are typical values.

Core Diameter 8.2 pm

Numerical Aperture 014
NA is measured gt the one percent

leved of @ ome-dimensional

ﬁ-&"a:m at 1310 mm.

Zero Dispersion

Wavelength (hy) 1317 nm

Zero Dispersion Skye (S,) 0.088 ps/(nm’-km)

Effective Group Index 1310 nm: 1.4670

of Refraction (N_,) 1550 nm: 1.4677

Fatigie Resistance

Parameter (N,) 20

Coating Strip Force Dry: 0.6 Ibs. 3N)
Wet, 14-day room temperasure:
oﬁx o'r?) &

Rayleigh Rackscatter

Coefficient 1310 nm: -77 dB

{for 1 as Pulse Width) 1550 nm: -82 dB

Stimulsted Brillouin

Scattering Threshold 20 dBm"

Noes:

(1) When characrerized with 2 sransmitcer specifying 17 dBm SIS
shreshold over scandard single-mode fiber. While sheohsce SBS.
threshold is 2 fimcrion of distance and signal format, NexCor fiber

offersal

‘of these variables.

Formulas

ode fiber

Dispersion \
Dispession = DAY = % [ - ‘_.] psfipmmekn),

Ne

for 1200 v €75 1625 n

7 = Operating Wavclength
Cladding Noa-Circulsrity

Claddin,
Cirent .é.[‘.

Min, Cladding Disreser
M. Cladding Diameter

m

]xltm

How to Order

Congact your sales representative,

or call the Opsical Fiber Customer

Service Depanmens:

Ph: 607-248-2000 (U.S. and Canada)
444-1244-287-437 (Farope)

Email: opeicalibsBoming com

and quaneity when ordering.




Intrebari

» (Tp) Ce lungime de unda veti alege pentru
emitator? Justificati.

» (2p) Alegeti fibrele pe care le veti utiliza.
Justificati. Realizati schita legaturii

» (1p) Puteti realiza o legatura functionala?
Justificati.

Zero Dispersion
Wavelength (\,) 1317 nm

Zero Dispersion Slope (S,) 0.088 ps/(nm’ekm)




Le g at u ra Maximum Attenuation

Wavelength Maximum Value*

(nm) (dB/km)
. . 1310 0.33 —0.35
» Bilantul puterllor 1383* 031-035
1490 0.21-0.24
— - 1550 0.19-0.20
A[Ot[dB] Z A [dB] 1625 0.20-0.23

I

P.[dBm]+ A [dB]>S, [dBm]+ M [dB]

| | ' | Splice
€l E3 \l' B3 \l/ F4 ‘l’ F4 \l’
|| ||

E [ 2

1 T;l\ 3a 3b 4a 4b :
Conectori l’ C 2\1/ F4 \l' el E
R |m—m . =

5 4d 4¢

6




Sistem

» 1. Emitator

» 2. Cablu 1 de conexiune

» 3. Fibra 3 (2 cabluri a 5 km fiecare: 3a,3b)

» 4. Fibra 4 (4 cabluri a 10 km fiecare:
4a,4b,4c,4d)

» 5. Cablu 2 de conexiune

» 6. Receptor




Atenuare

» Distribuita
> microcurburi
> imprastiere
- absorbtie

» Localizata

> macrocurburi
> cohectori Atenuare | [dB]= Pierderi[dB]

- splice
o tranzitii

A [dB]=A, [dB]+ A, [dB/km |- L[km]

Pierderi[dB]
lungime[km]

Atenuare , [dB/km | =




Pierderi

» Atenuare in fibra
» Atenuare datorata conectorilor
» Atenuare datorata splice-urilor

» Atenuare datorata diferentelor de apertura
numerica

- apare numai la trecerea de la un dispozitiv cu NA
mai mare la un dispozitiv.cu NA mai mic

- neglijabil intre 2 fibre monomod sudate

» Atenuare datorata diferentelor de diametru

- apare numai la trecerea de la un dispozitiv cu
diametru mai mare la un dispozitiv cu diametru mai
mic

- bidirectional la fibre monomod sudate




Dispersie

L-n,-A _ L-NA? L-n,-A°  L-NA*

~ ~ AT og = ~
Aron =5 Ta e 4y3-c-n, "7 43.c " 16V3-c-n}
_So [ ;%
Az, =D(1)-AA-L D(4) = T'EZ'EJ
/’ ATiip = 2.AT
|
0.44
ATtot:\/AT(:zr+ATr2md Bopt:Az_ [ns] [GHZ] Bopt:\/EBel

V|Gb/s|=2-B,
0.35
B34B. electric (GHZ) = T(ns)

1 < 0.67
Timpuls(ns) - T(ns)

NRZyiteza date (Gbit/ 5) =



Sisteme cu mai multe tipuri de fibra

» Fibra tip 1 conectata/sudata cu fibra tip 2
» efecte succesive se aduna liniar

» la nivelul splice-ului apare o atenuare localizata:
> atenuare pe splice/conector
- atenuare datorita NA diferit (daca este cazul)
- atenuare datorita @ diferit (daca este cazul)

A[dB]
Arl[ps],ﬁl[dB/km] v Arz[ps],ﬁz[dB/km]

4 R /4 A

A, [dB] = A[dB/km]- L,[km]+ A, [dB/km]- L,[km] + A [dB]

At = At +AT,




Sisteme cu mai multe tipuri de fibra

» efecte succesive se aduna liniar
AT A
e e
e N\ Y

At =A1, + AT,
» dar pe fiecare fibra exista efecte simultane
(pentru dispersie) care se aduna patratic

Armodi, Arcr,l AT Arcr,z

]
mod,ij

mod 1

_ 2 2
ATZ R \/Arcr,z + ATmod,Z

At = \/Arczr’l +AT?




Sisteme cu acelasi tip de fibra

» N tronsoane cu acelasi tip de fibra conectate/sudate
- atenuare datorita NA nula (acelasi tip)

- atenuare datorita ® nula (acelasi tip)
- atenuare pe splice/conector: N-1 conectori

> lungime totala: L .[km]= ZL [km]
» efecte succesive se aduna liniar
» efectele (dispesie si atenuare) proportionale cu

distanta
dB dB A[dB
Arl,JL&,Af AS[V ]AZ'Z,LZ,A AS[* ! [v ]AZ'N,LN,A

ATy = ZAT(Li ) — AT(Ltot) = \/ATcr (Ltot )2 + ATmod(Ltot)z
"~ A[dB] = A, [dBKm]- Ly, [km] +(N -1)- A [dB]




Produs Banda- Distanta

L-n,-A  L-NA?

Az-mod = ~
2\/5 C 4\/5 Rk ATy, = \/ATch +A7r€|od
Az, =D(1)-A1-L
0.44
B = Az s [GHZ] B, = /2B, V|[Gb/s]=2-By
v[Gh/s]= Nt

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




Lungime maxima

» limitata de atenuare

» lungimea cea mai mare la care pot face transmisia
este obtinuta in cazul cel mai defavorabil
> cele mai mici pierderi permise
- atenuare distribuita maxima

A [dB]=A, [dB]+ A [dB/km |- L[km]

Atenuare]dB/km | = Pierc!eri o[dB] L. = AP..,A5
lungime[km ]
L AI:)min[dB] _ Pemin[dBm]_Srmax[dBm]_AL[dB]

™ A [dB/km] A, [dB/km]

de obicei problema distantei maxime limitate
de atenuare se pune pentru fibre monomod



Lungime maxima

» limitata de viteza
» lungimea cea mai mare la care pot face transmisia este
obtinuta in cazul cel mai defavorabil
> dispersie maxima
» doua cazuri in functie de cum e specificata dispersia
> BxL [MHz-km]
> Solps/nm?/km], Aglnm]

BeI min = Vmin [Gb/ S]
2
AT gt [15]
0.44 At
Boptmin = ZBeI min ATtotmax [nS]: = totmax

Boptmin[GHZ] o D(ﬁ)-Aﬂ

Bx L [MHz-km]

_ BxL|MHz-km]
B BeI min [M HZ]




Lungime maxima

» limitata de atenuare  Liw [km]
» limitata de viteza LY [km]

» lungimea cea mai mare la care pot face
transmisia este obtinuta in cazul cel mai
defavorabil (din cele doua limitari)

Lo, [km]=min(L2,, [km] L’ [km])

» de obicei
- monomod: limita impusa de atenuare

- cu exceptia cazurilor in care nu se functioneaza la A optim
dpdv al dispersiei

- multimod: limita impusa de viteza




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 |



Problema simpla?

» Sursa luminoasa: 7.7 dBm
» Atenuarea fibrei: 1.16 dB/km
» Puterea la iesire: 105 pyW

» Lungimea fibrei: ?




Problema simpla?

» Logaritmic
° Poye = 10-1log (105 yW/1 mW) = -9.8 dBm |
> Atenuarea : As = P,,[dBm] - P, [dBm] = 17.5dB !
°L=A¢/ Aggjkm = 17.5dB / 1.16dB/km = 15.08 km
» Liniar
> P, =1mW -10 77/10 = 5 888 mW
- Atenuarea : A, =P,, / P, = 5.888 mW / 0.105 mW =
= 56.0762 [1] !
- Atenuarea pe unitatea de lungime A, = 10 1-16/10 =
1.3062 [1] !
° Af = (A m) Y™ > L =Tkm-log(Ag/log(A, i) =
1.749/0.116 km = 15.08 km




Problema simpla? 2

» Sursa luminoasa: 4.9 dBm
» Atenuarea fibrei: 0.32 dB/km
» Lungimea fibrei: 17 km

» Puterea la iesire: ? [uW]




Problema simpla? 2

» Logaritmic

- Atenuarea : A; = Agg)m-LIkm] = 5.44 dB

> PyuldBm] = P;,[dBm] - A¢[dB] = -0.54 dBm !

° Pyyy = TmMW 10 0410 = 0,883 mW = 883 uW
» Liniar

> Atenuarea : A¢ [dB]= Agg/im-LLkm] = 5.44 dB !

- Atenuarea : A¢[1] = 10 AfldBI/10 = 3 499 [1] !

o P, = 1TmW =10 49/10 = 3,09 mW

o P =P, /A =3.09 mW / 3.499 = 0.883 mW =
883 uw




Limite putere/banda a
dispozitivelor optoelectronice

Power Power
[mW] [dBm]

10mWW +10
Laser@iodes \

TmW — 0

—~ LEDs K\ 10

TWW — — -30
— — -40
— — -50
Nodetectable Signal
TnW T = | I -60
100M 1G 10G

BitTate Ibit/s]




LED

Dioda electroluminescenta
Capitolul 8




Caracteristici LED

» Dezavantaje
> Putere redusa (cuplata in fibra) ~ 100uW
- Banda (viteza) reduse ~ 150MHz (300Mb/5s)
> Spectru larg ~ 0.05 A
> Lumina necoerenta si nedirectiva

» Avantaje

> Structura interna mult mai simpla (fara suprafete
reflective, straturi planare)

Cost (dispozitiv si circuit de comanda)
Durata de viata

Insenzitivitate la temperatura
Liniaritate (modulatie analogica)

(0]

(0]

(0]

0]




Aplicatii majore LED

» Comunicatii
o Infrarosu (InGaAsP)

» Vizibil
- Spectru vizibil (GaAlAs)

» lluminare
> Putere ridicata, lumina alba (GalnN)




Contact

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

.



