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Capitolul 11

» Behzad Razavi
Design of Integrated Circuits for Optical
Communications

» cartel.pdf (2,3)
» 29 pg.




Lista subiecte

» Amplificatoare transimpedanta
o 4.1
o 4.1.1
o 4.2
> 4.2.1
> 4.3
> 4.3.1

» Circuite pentru controlul emitatoarelor optice
- 10.3
- 10.3.1
- 10.4
- 10.4.1




Reprezentare logaritmica
dB =10 - l0g;o (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]




Fibra optica
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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
lungimi de unda diferite

> intermodala (modala - depinde de prezenta
modurilor)

> intramodala (cromatica - depinde de lungimea de
unda)
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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

D@):%o.(z-ﬁj

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




Banda

» Dispersia totala
At = \/Arczr +AT?

mod
» Banda

g = 04 o

o ATy [I’]S]

» Banda optica la 3 dB corespunde unei benzi
electrice la 6 dB
7 I:)opt - I’ I:)el - IZ Bopt :\/EBeI

» Viteza legaturii

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




Fibra optica - Tehnologie
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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

Distance

Typical OTDR Trace
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Stabilized light source
Optical power meter
» Masurarea puterii si atenuarii
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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




Cabluri
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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.



Dimensionarea unei
legaturi pe fibra optica
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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, / Py)
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
R — » monomod t
| Atenuare,, [dB]=—-20- Iogm( 2\~ Wy ]

2 2
W, +W,

Splice loss at the Mode field diameter
splice will change

w=MFD Il

numai pentru @, < @, bidirectional vw,, w,

Atenuare,,[dB]> 0



Pierderi

» multimod

Intrinsic Splice Loss (dB)

0

Numerical Aperture Difference
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Pierderi

» multimod
- predomina pierderile datorate diferentelor de MFD
- se poate neglija NA

0.10
0.08
0.06

0.04

Attenuation (dB)

0.02

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

MEFED (Ratio)



Pierderi

» multimod

» 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
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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 = TuWw

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
> Macrocurburi Pierderi[d B]

> Microcurburi Atenuare , [dB/km | =

> Imprastiere
- Absorbtie
» Localizata
> cohectori Atenuare | [dB]= Pierderi[dB]
- splice
> tranzitii

lungime[km]

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

» 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




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) =



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

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

Pierderi[dB]

Atenuare/dB/km|= lungime[km ]

erax — AI:)m'n 1 ADrrax

AP. [dB] P, [dBm]-S, _ [dBm]|- A [dB]

" Ao [AB/KM] Ao e [OBYKM ]




Lungime maxima

» limitata de viteza

~ Vmin [Gb/ S]
BeI min = 2
Boptmin — ZBeI min

0.44

ATtotmax [ns] =

Boptmin [GHZ]

de obicei problema

distantei maxime se
pune numai pentru

fibre monomod



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-log (105 pW/1T mW) = -9.8 dBm !

» Atenuarea : A = P, [dBm] - P, [dBm] =
17.5dB !

» L=A¢/ Agg/km = 17.5dB / 1.16dB/km =
15.08 km




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]




Contact

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

.



