Optoelectronica

Curs 6
2018/2019




Disciplina 2018/2019

» 2C/1L Optoelectronica OPTO
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Orar 2018/2019

» Curs
> Vineri 8-11, P5
- 2C = 3C
+ 14*2/3=9.33
- 9-10C

.
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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]




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 |



Recapitulare
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Optical ——

. I fibers Core
Fibra optica fers. e

— N

» Un gh|d de unda Strain relief  Cladding
. . .g., Kevl 125+ 1um
dielectric (e.g., Keviary™ :

—_—
&
B Soft acrylate
_— <

/ _ about 200 Hm
\\_I_—_‘.“/

. . Inner >
miez jacket
o feaca
Sheathm",

jacket

Ng

n, ‘

Nor$\ :
iNEn

N2

e, oA

~Hard acrylate
245+ 10 ym




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




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

(um) : ) .

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
(MmM)

» 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




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%




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

» Discontinuitate in fibra
- utilizator, localizat, dB

» Microcurburi

\
- distribuit, tehnologie, dB/km

» Imprastiere

- distribuit, tehnologie, dB/km
» Absorbtie

o distribuit, material, dB/km

AldB]=>_AldB]

> AldB]= A[dB/km]- L[km]

J



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]




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
lungimi de unda diferite

> intermodala (modala - depinde de prezenta
modurilor)

> intramodala (cromatica - depinde de lungimea de
unda)

—
AL AM

- de ghid




Dispersia de material

index S|Oz
148 -
147 Pgr -
146 4
145 n
144 *'_T_["T“"T"Y_Y_FT L B A B B B |
05 1.0 15 20pm
EE——r
dn
ngr =N _Zd—ﬂ
2
L-A-AA d*n
AT, . = :

mat C d.A?

20 -

10

-10

| dispersion .

A Dispersion
[ps/nmxkm]
Total
—— intramodal
dispersion

Material

Wavelength
[Mm]

B
—,
2o
L

Waveguide
dispersion




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




Sumarea efectelor

» efecte succesive se aduna liniar
A1, Az,
A A

4 N

At =A7 + AT,

» efecte simultane se aduna patratic
AT 41 AT,

mod ?
A

-

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




Continuare
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OTDR

» Optical Time-Domain Reflectometer
» Localizarea defectelor

OTDR O - (m—: Q

Launch Cable (>250 m) Cable Under Test Receive Cable (>250 m)




OTDR

» Optical time-domain reflectometer
» Localizarea defectelor

Fiber A

OTDR # F#bze'
: Pulsed 2\ O O
: loser Coupler A vas =
: ; iber
: Connector Splice end
Time .
: bose Detector :

> Vert

> Horiz




Rezultat grafic al OTDR

| Start pulse through Fresnel reflection End pulse,
Fresnel

reflection (4%)

.. Attenuation in the fiber [dB/km]

Loss in a fusion splice [dB]

Attenuation [dB]

Il - Connector loss [dB]

Cable end or
fiber break

Noise

Distance or time ——»




Efecte vizibile OTDR

Attenuation
A

A

dL

Y

Distancey g

A




Efecte vizibile OTDR

Attenuation
A
P1r\\\r A
P, \h
-
Distance

AldB|= iy

AldB/km|= h-h

panta curbei




Efecte vizibile OTDR - Splice

» splice loss - A(s)

Attenuation
[dB]

Splice ©

—l Splice
2 \N loss

Distancer
[km]




Efecte vizibile OTDR - Splice

a. same fiber spliced

:},,;actual loss

error caused by

fiber characteristics_['\

b. high loss fiber spliced to low loss fiber

error caused by
a fiber characteristics
actual loss |:

c. low loss fiber spliced to high loss fiber
can cause an apparent gain at a splice




Rezultat grafic al OTDR

» latimea pulsurilor luminoase

Attenuation
[dB] Fiber Fiber Fiber

P @ o @ . @

_ Graph when using
Noise |  yery short pulse width

(~10 ns)

Graph when using
medium pulse width

-
olse (~100 ns)

Graph when using long
pulse width (~1 us)

|
| [ Distance
f=
| | | [km]
Start pulse

B  “Deadzone”

Splice Connector End pulse




OTDR

Distance

Typical OTDR Trace

©
>
(-]
—
©
=
=
(7]
£
-
g }
0 Fiber End
. No spike - shatteref-end
Launch Non-reflective Event Spikg - cleaved-en
Dead Zone Fusion Splice or Bend
Backscatter

Reflective Event
Mechanical Splice Connector




Stabilized light source
Optical power meter
» Masurarea puterii si atenuarii

i
5 O
(0]
iy
(0]
@
=)
O ~
Q
c
®
Y

Laser diode
APC module
owe
level
time
Pow
level




Masurarea puterii si atenuarii

» Masuratoare referinta

ODF/FDF ODF/FDF

Fiber/network
to be measured

Stabilized light Power
source meter
199 mW T
lleee@® o 0@
Rack cable or Rack cable or
patch cord patch cord
Eﬂj izl ODF/FDF = Optical
Distribution Frame/
Connector and Fiber Distribution Field

bushing




Masurarea puterii si atenuarii

» Masuratoare instalatie

ODF/FDF ODF/FDF

Fiber/network
to be measured

000000000
0006000000

000000000
000000000

Stabilized light Power
source meter Rack cable or
patch cord
199 mW

.llee®e®

Rack cable or ODF/FDF = Optical
atch cord istributi
p Garaa Distribution Frame/
Fiber Distribution Field




Masurare conectori si splice

» Se elimina efectele fibrei

source

Exciter fiber

>300m

Qg

Optical power
meter

@ Cutting
Light _I <
source
Exciter fiber Exciter fiber
> 300m > 300m
Connector
to be
@ measured
Light _:

Q4

Exciter fiber

Optical power
meter

> 300m

P4 [dB]

P, [dB]




Taiere - Cleaving

» Tehnici necesare pentru a asigura o taiere

perpendiculara pe axa fibrei Q

Scorin
gl?:c;eg Smooth

surface

surface

Fiber to \
be cleaved 5
& : Hackled




Lipire prin fuziune




Splice prin fuziune

Fibers Stripped of Coating, Cleaned,
and Cleaved, are Brought Together
Dwring the Fusion Arc

N

Electrodes Create
a High Voltage Arc

ESTIM., LOSS,
NEXT FICTURE

Uik

Positicners Adjust in
the X, ¥, £ Directions
1o Align Fibers

3. 60241

Step 1
Alignment,
control of Point
cutting angle elecuode
and cleanness Flber
Flber
Horizontal and vertical
alignment with an Point
accuracy of better than electrode
1 m
Step 2
Prefusion ‘

Arc between the
electrodes burns off
small particles of dirt,
etc, and rounds the

. The finished fusion-
cut edges slightly Sliced fibar

()

Step 3
Final adjustment
and fiber check

Step 4

Fusion in sequential process,
approx. 5 secs with a fusion
current of 10 - 20 mA

Fibers are pushed
toward each other to
compensate for the
consumption of a
certain amount of
glass




Splice prin fuziune

Causes of faults in fiber fusion Appearance after fusion

.



Splice mecanic - bloc V




Splice mecanic - bloc V




Splice mecanic

Precision-drilled tube

Epoxy glue

Epoxy glue

Fiber

Shrink-on tubing

Three steel rods

Fiber




Probleme Fibre/Conectori

Offset Angular Separation
Misalignment

Core Eccentricity Core Ellipticity Reflections &
Interference




Cabluri

Core

—/Eﬁs\ <9+1pum

N

Cladding
125+ 1 um

B
QL
Soft acrylate

—_—
about 200 pm

-

—_—

B A

_Hard acrylate

245+ 10 um

Optical ——
fibers

Tube —

—).

Strain relief
(e.g., Kevlar)=™

Inner >
jacket

Sheathm,

jacket




Cabluri




Cabluri




Cabluri

pppppppppp

=

gl
Ml

- -
- -
- s
- -
= -
= A7
- o~

SSERNISS }

|

!




Conectori

e
%

X, - : 0
< FC - PC/PM DIN - PC
FC - APC/PM DIN-APC/HRL10

< E2000 - PC
E2000 - APC




Conectori

SC connector

ST connector

SMA Type 306

Fikrer Jack

MT-R.J

All fiber-optic
connectars use
ferrules to hold the
ends of the fiber
and keep them
properly aligned.

The 5T connectar
Uses a half-twist
bayonet type of
lock, while Shaa,
and FC use
threaded
connections.

The SC uses a
push-pull connector
similar to commaon
audio and video
plugs and sockets.

The MIC is the
standard FDDI
connector.

The Fiber Jack
connector attaches
two fibers in a snap
lock connector
similar in size and
ease of Use 3s an
RJ-45 connectar.

MT-FJ is a popular
connector for two
fIbErs in a very
stnall form factor.



Conectori

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

Fiber Cylindrical bushing Fiber Ferrule
B i Mg
W iFiber
Cylind/rical Cyli\ndrical &\\\\\\\\\\\\\\\\\\\\Q

ferrule ferrule




Conectori

» Ferula
semisferica
> 20mm
> 60mm

For the best transmis-
sion, the ferrule’'s end
surface is ground to a
hemispherical shape

Coupling nut
or bushing

|

The end surfaces are (
pressed lightly

against each other in ( '''''''''''' —
the coupling nut

» Conectori multifibra




Expanded beam connector

Parallel beam of rays

Fiber _ Fiber

Lens Cylindrical housing

Hard alignment pin

Conventional Ceramic
Ferrule

Ball Lens

Hard AR Coating

- Connector Face




F I I I I Optical Fibers Metallic Cables

» FTTN: Fiber to the - :
node, neighborhood D

» FTTC: Fiber to the
curb

» FTTB: Fiber to the
building

» FTTH: Fiber to the
home

é FTTN
é FTTC
FTTB

JFTTH



FDDI

» Fiber Distributed
Data Interface

. #85885ss00e
e ¢ - ‘
EHHIHHIN s
) y ' B

PERIPHERALS ING

1986 NETHORK

Loreernvieiiriinivivireess 2
o CTSK 65817130

A0 COIRR _deev Dev



Dimensionarea unei
legaturi pe fibra optica
Capitolul 6




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




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




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

|
[
|
|
|
|
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.
5?32;?:;);5 = 1.5mW (AA=2nm, NA — 0.17 © = 19U
Pierderi splice (tehnologie) 0.15 dB/splice
Pierderi conector 0.5 dB/conector
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
Receptor: Sensitivitate = TuW 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],ﬁ&[dB/km] v Arz[ps],ﬁz[dB/km]

4 A /4 N

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,
A A

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

Armodi, Arcr,l AT Arcr,z

]
mod,ZA

At = \/Arczr’l +AT?

mod 1

_ 2 2
ATZ R \/ATcr,Z + ATmod,Z




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 (dispersie si atenuare) proportionale cu

distanta
dB dB A[dB
Arl,jl_\l,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, = \/Az'fr +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
> Py = 10-log (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,y =1mW 10 7-7/10 = 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 ) 1M > L =Tkm-log(Ap/log(A; m) =
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 7




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)




LED - Principiul de operare

depletion zone
-type (null) n-type

&

=

DOOO

'@'@'@'@

IOYOYOL0

)
©
.9,
.©

Electrons
A e i Conduction Band

T A e

Energy| | Bandga
Level 106V 9ap p-semiconductor D p-n junction region
f Valence Band n-semiconductor

Holes




LED - Principiul de operare

v

v

v

v v

v

Lumina este generata de o recombinare radiativa
dintre un electron si un gol

Recombinarea neradiativa transforma energia in
caldura

Eficienta cuantica 7= i
Rr + Rny
: e hc
La recombinarea radiativa Eg=hv; /1=E_

Recombinare eficienta:

- alegerea judicioasa a materialului

> concentrarea purtatorilor in zona jonctiunii
Lungimea de unda depinde de temperatura de
functionare a dispozitivului: 0.6nm/°C



Latimea benzii interzise/lungime
de unda pentru materialele uzuale

Material Formula Wavelength Range Bandgap Energy
A (um) W (eV)
Indium Phosphide InF 0.592 1.35
Indium Arsenide InAs 3.6 0.24
Gallium Phosphide GaP 0.22 2.24
GGallium Arsenide (5aAs 0.87 1.42
Aluminium Arsenide AlAs 0.59 2.09
Gallium Indium FPhosphide GalnP 0.64-0.68 1.82-1.94
Aluminium Gallium Arsenide AlGaAs 0.8-0.9 1.4-1.55
Indium Gallium Arsenide InGaAs 1.0-1.3 0.95-1.24
Indium Gallium Arsenide Fhosphide InGaAsF 0.9-1.7 0.73-1.35
» h constanta lui Plank
E, =hv; AZE, /I[um]z 1.240 6.6261 . ]0—%4 YV_SZ |
E, EqleV] » ¢ viteza luminii in vid
2.998-108m/s
» e sarcina electronului
1.6-10-°C
» benzi energetice: A\,, AA




Detalii constructive - 1

» Recombinarea unei perechi electron-gol
necesita conservarea "impulsului retelei”
(cvasiimpuls)

» In Si si Ge aceasta conditie presupune aparitia unui

fonon intermediar (tranzitie indirecta) a carui
energie se transforma in caldura

» Majoritatea aliajelor de aluminiu Al de asemenea au
tranzitie indirecta

» Se utilizeaza aliaje de Ga Al As sau In Ga As P

» Materialele utilizate trebuie sa fie
"transparente” la lungimile de unda emise

.......
\\\\\\\\\\



LED cu heterojunctiuni - principiu

-

—

p-InP — Heterojunctions

p-semiconductor ~ p-n junction region

n-InGaAsP
n-semiconductor

» Orice jonctiune p-n emite lumina

» O jonctiune p-n obisnuita este foarte subtire
- volumul in care apar recombinari este foarte mic
- eficienta luminoasa, redusa

» lumina este emisa in toate directiile

o cantitatea de lumina utilizabila (intr-o anumita
directie) este redusa



Detalii constructive - 2

» Spatierea atomilor in diferitele straturi trebuie
sa fie egala (toleranta 0.1%) pentru a nu se
introduce defecte mecanice la jonctiune
> limitare a aliajelor utilizabile
- aparitia defectelor

- creste ineficienta (recombinari neradiative)
- scade durata de viata a dispozitivului
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Materiale

» Lungimi de unda mici (spectru vizibil -
1000nm)
> GaP (665nm), GaAs P, _,
> GaAs (900nm), Ga,_,AlLAs (AlAs - 550nm)

» Lungimi de unda mari (1000+-1700nm)
> In,Ga,_,As P,
> X,y concentratii relative in aliaj a materialelor
corespunzatoare
> X,y alese din considerente privind
- lungimea de unda
- spatierea atomilor




Materiale

2.2
» Lungimi de unda mici , |
> Ga;_AlLAs s |
- substrat GaAs %1.8 "
> limitare pentru tranzitie &
directa, x<0.45 16 |
5 Eg (In eV) I Aleal_xAs
1.4 oot — L L

E,=1424+1247-x, x<045 00 02 04 06 08 10

Composition, x

E, =1.9+0.125-x+0.143-x%, x> 0.45 ——

105 2 15 10908 06 0.5
S I I T | I

InAs

X
@%m InP
058 ‘<< 5N

0.56 | “GaAs

054 l i | GP
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Bandgap energy (eV)
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Materiale

In|.xGOyAS Py |
L3
» Lungimi de unda mari R =
12} _ —Eg=135-0.72y +0.
> In,Ga, _,As,P,_, ; :
> Tipic substratul este InP Sk 2
- Spatierea atomilor (lattice 3 o 2 g
spacing) corespunzatoare InP 2 g
y — 0.4526 - y o3 1.4
_ 1-0.031-y o8} -
> E, (in eV) |
Eg =1.35—-0.72- y + 0.12- y2 ooz o4 o0s 08 10
] y, ARSENIC A:l;OY ZR:ASCTlG’dOQOB N
> Exemplu: 1300nm se obtine ot R
. £ InAs :
cuy=0.611 si x=0.282, =t N
* I 282Ga0 718AS0.611P0.389 Q A
3 0.54 | I I Gpp

0 05 10 15 20 25
Bandgap energy (eV)



Contact

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

.



