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LED

Dioda electroluminescenta
Capitolul 8




Caracteristica de raspuns a
LED-urilor

» Caracteristica putere optica emisa functie de
curentul direct prin LED este liniara la nivele
mici ale curentului.

» Nu exista curent de prag

» La nivele foarte mari puterea optica se
satureaza Optical
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Dioda Laser
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Latimea benzii interzise/lungime
de unda pentru materialele uzuale

Material Formula Wavelength Range Bandgap Energy
A (um) W (eV)
Indium Phosphide InP 0.92 1.35
Indium Arsenide InAs 2.6 0.34
Gallium Phosphide GaP 0.53 2.24
Gallium Arsenide GaAs 0.87 1.42
Aluminium Arsenide AlAs 0.59 209
Gallium Indium Phosphide 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 0.95-124
Indium Gallium Arsenide Phosphide InGaAsP 0917 0.73-1.352
5 » h constanta lui Plank
E, =hv; LG 6.62-10732 Ws?
E,q » € viteza luminii in vid

2.998-10%m/s
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Materiale cu 4 nivele energetice

» La un material cu 4 nivele energetice tranzitia
radianta a electronului (3) se termina intr-o
stare instabila, starea de echilibru obtinandu-
se prin emisia unui fonon

» Inversiunea de
populatie se b T Pronon
obtine mult mai T P

USOr datorita  enery | 2wy ™ |\ \an el IS

electronilor din ¢ | fomousie | Stmuatng | stmuating photon

photon continues unchanged

Starea ' _IFJ%W (Phanon)
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Dioda LASER Fabry Perot

Mirror surface of

Metal contact

Mirror surface of

cleaved crystal * Active region cleaved crystal
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- i Fabry Perot
Metal contact cavity
Reflecting
layer
ficte Height: 0.1 — 0.2
lover eight: 0.1 — 0.2 um
. Length: 250 — 500 um Transversal
Width: 5 — 15 um X
) Sides: rough—cut
Height Front: cleaved
Back: 100% reflector
Width
Definirea directiilor in
dioda LASER
Lateral




Spectrul diodei LASER
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Distributed Feedback (DFB) Lasers
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Distributed Bragg Reflector (DBR)
Lasers

» Se utilizeaza suprafete reflective selective
pentru filtrare optica

Current— ..
pumped DlStrlbUted
region /reﬂector

AVAVAY, \K/\/\.A
? Active
region
Reflection }
Coefficient

-
A



Monitorizarea radiatiei de spate

Amplifier




Oscilatii de relaxare

» Cresterea vitezei si minimizarea erorilor date
de oscilatiile de relaxare si variatiile timpului
de amorsare dioda este partial stinsa in
timpul transmisiei unui nivel 0 logic

» Raport de stingere g .}

FR=—H 1
a-Py «
» Raportul semnal
zgomot scade cu
(1-0)

» Tipic ER = 10+15dB

ty




Dispozitiv termoelectric (Peltier)

» Poate produce o diferenta maxima de
temperatura de 70°C

» Lucreaza la nivele mici de caldura disipata

» Devine cu atat mai ineficient cu cat fluxul
termic disipat e mai mare
» De 4 ori mai putin eficiente decat sistemele cu
compresie de vapori

Hot side ——

Electrical connection —

Coldside

Interconnect



1550nm DFB Laser

) Mechanical Drawing Pin out
All units in mm Pin |Description
3000 —= :
- 26.00 — ™ 1 Thermistor
: 2 Thermistor
L +—PIN1 :
3 Laser Cathode (Bias)
4 | Monitor PD Anode
O .
s 5 | Monitor PD Cathode
"+
@ 6 |TEC
L 4XR1.35 7 |TEC-
- 27.09
8 Case GND. Laser Anode
T PIN14 9 |Case GND. Laser Anode
]:'::’1_ 10 |Case GND. Laser Anode
A £ . -
049 — 544 L3092 0.75 —4 611 — LL | Case GAD.Lasersinode
12 |Laser Cathode (modulation)
13 | Case GND. Laser Anode
14 | Case GND. Laser Anode




Alte caracteristici DL

v

Mode hopping - salt de mod (hole burning)

Al Db

RIN - Relative Intensity Noise (generat de emisia
spontana)

Zgomot de faza (idem) - necesitatea modulatiei in
amplitudine

Zgomot intercavitati (reflexiile din exterior in zona
activa)

Drift - variatia parametrilor cu varsta si temperatura
(in special distanta intre oglinzi)




Diode LASER cu heterojunctiune

Heterojunctiune
ingropata

Heterojunctiune
muchie (ridge)
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Heterojunctiuni — principiu

» Concentrare verticala a purtatorilor
> Electronii sunt atrasi din zona n in zona activa

- O bariera energetica existenta intre zona activa si
zona n concentreaza electronii in zona activa

> Situatie similara corespunzatoare golurilor
- Purtatorii sunt concentrati in zona activa, crescand

eficienta
58 P n-InGaAsP InP
p'—InGaAs 5 § ! : : p :
s . - : :
e § ; : : :
InGoAs — . : | |
active 5 | : : _ :d .
layer n —in ‘ | Electrons\-\ - onduction Ban
InP substrate £ bee o e S teen :}. .
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Quantum Well Laser

» Cand lumina e pastrata in cavitati mai mici
decat lungimea de unda nu mai poate fi
modelata prin unda, modelul devine cuantic

» Daca inaltimea zonei active scade la 5-20 nm
comportarea diodei laser se schimba

> energia necesara pentru inversarea de populatie se
reduce, deci curentul de prag scade

- dimensiunea redusa a zonei active duce la scaderea
puterii maxime




Quantum Well Laser

» multiple straturi subtiri suprapuse - Multiple
Quantum Well P

10 nm

20 nm

\ n-InGaAsP
n-Inf Active Layers

» Avantaje
> curent de prag redus

- stabilitate crescuta a frecventei la functionarea in
impuls

> latime mica a liniilor spectrale

- zgomot redus




Spectrul WDM - Wavelength

Division Multiplexing

Canale: 16

Spatiere: 0.8 nm

Emisie spontana
Amplificata (ASE)

~RL|{+0.00 dE
5.0 dB/|DIV
et
1545 nm 1565 nm



Diode laser reglabile

» Necesitate

> In sistemele WDM exista necesitatea (in propuneri
pentru arhitecturi viitoare de retele) pentru regla;
foarte rapid al lungimii de unda pe un anume canal
- zeci de ns

> In aceleasi sisteme intervine necesitatea rutarii prin
lungime de unda - timp de reglaj necesar de
ordinul secundelor)

- realizarea cererilor de date - timp de reglaj de
ordinul sute de us

> reglarea emitatorilor individuali in sistemele WDM

- lipsa necesitatii controlului strict la productia diodelor

- degradarea lungimii de unda in timp

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



Diode laser reglabile

Active Section Bragg Section Active Section Phase Section Bragg Section
Gain Msgium Q I / Gain Me:\mm . ; // 4 /
A’ Grating Grating
Electrical Contac/ Isolation Electrical Contacts/ Isolation regions

region

» Curentul trece prin zona activa ducand la
amplificarea luminii

» curentul ce parcurge zona corespunzatoare
reflectorului Bragg modifica indicele de refractie
al acestei zone deci lungimea de unda

» zona centrala suplimentara permite reglaﬂ' fin
suplimentar in jurul valorii impuse de reflectorul
Bragg




Diode laser reglabile

Grating Structure
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Grating

Blanked sections —

» Dezavantajul metodelor anterioare e dat de
imita redusa a reglajului (~10nm)

» Reflectorul Bragg esantionat (periodic)
oroduce spectru de filtrare discret

Dezavantaj :
reglajul e discret

» Regland unul din reflectori se obtine
rezonanta la suprapunerea celor doua

spectre
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Vertical Cavity Surface Emitting
Lasers (VCSEL)

L

_— i-mmi§$$ eontzct

Passivation
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Vertical Cavity Surface Emitting
Lasers (VCSEL)

-~
» Oglinzile pot fi realizate din straturi =" —— = e
succesive din semiconductori cu 0o mitny
indici de refractie diferiti - reflector “ oy =
Bragg e
» Prelucrarea laterala se rezuma la = -
taierea materialului 20 microns =

» Caracteristici
» puteri de ordinul TmW
lungimi de unda 850 si 980 nm
radiatie de iesire circulara cu divergenta redusa

Curenti de prag foarte mici (5mA) si putere
disipata redusa

» circuite de control speciale nu sunt necesare
Banda de modulatie mare (2.4GHz)
tabilitate mare cu temperatura si durata de viata

v vV v




VCSEL

» Caracteristici

- VCSEL produce mai multe moduri transversale

- insensibila la pierderile selective la mod din fibrele
multimod (principala limitare in utilizarea diodelor
laser in fibrele multimod)




Parametri dioda LASER



Dependenta de temperatura

» Dependenta de temperatura a curentului de
prag este exponentiala
4
lin = 1o-€" "0
» I, e 0 constanta determinata la temperatura
de referinta

Material ___|_Lungime de unda

InGaAsP 1300 nm 6070 K
InGaAsP 1500 nm 50-70 K
GaAlAs 850 nm 110=140 K




Temperatura si imbatranire

» Curentul de prag variaza cu temperatura si cu

timpul

» Variatia tipica 1-2%/°C

Output |
power
[mw]

\

Laser diode Laser diode

T=20°

Laser diode

- a —
- —

Threshold point

Current
[mA]

40




Degradare in timp

» Puterea scade in timp exponential
P(t)=P,.e !/

» T, — timpul de viata

» Diodele laser sunt supuse la conditii extreme
de lucru
- densitati de curent in zona activa 2000=-5000A/cm?
- densitati de putere optica: 10°=10°W/cm?3

» Diverse definitii ale timpului de viata fac
comparatiile dificile




Failure rate

(failures/time)
Degradare in timp
Ir?wfg:ttcjlity
. . ] Time
» Cresterea curentului duce la scaderea duratei de viata
-] ml
Tm

- n=1.5+2 (empiric)
o dublarea curentului duce la scaderea de 3-4 ori a duratei de viata
» Cresterea temperaturii duce la scaderea duratei de viata

__E/KT
T, ~ €

- E=0.3+0.95eV (valoarea tipica in teste 0.7eV)
- cresterea temperaturii cu 10 grade injumatateste durata de viata




Parametri

» Coerenta radiatiei emise
o LED: t. = 0.5ps, L. = 15um
- LASER : t_. = 0.5ns, L. = 15cm

2
L.=cC-t :ﬁ
C C Aﬂy
» Stabilitatea frecventei

- detectie necoerenta (modulatie in amplitudine)
> mai ales in sistemele multicanal

» Timpul de raspuns
» Viteza, interval de reglaj




Caracteristici curent tensiune

» Amorsarea emisiei stimulate necesita pomparea
unei anumite cantitati de energie - curent de prag

| <I, regimLED

ineficient!

| > 1, regim LASER

C_AR W
Al LA

Apare saturare la nivele
mari de curent

Relative
output
power

'th
Laser drive current, /



Eficienta

» eficienta de conversie electro-optic
(randament)

_ Pout(OptiC) __R Nr'(lf_lth)

P (electric) V, -1, VI,
» tipic, randamente sub 10% sunt intalnite
» eficienta cuantica

L AP/hv e
77—— 77: =
n, Al/e hv




1550nm DFB Laser

) Mechanical Drawing Pin out
All units in mm Pin |Description
3000 —= :
- 26.00 — ™ 1 Thermistor
: 2 Thermistor
L +—PIN1 :
3 Laser Cathode (Bias)
4 | Monitor PD Anode
O .
s 5 | Monitor PD Cathode
"+
@ 6 |TEC
L 4XR1.35 7 |TEC-
- 27.09
8 Case GND. Laser Anode
T PIN14 9 |Case GND. Laser Anode
]:'::’1_ 10 |Case GND. Laser Anode
A £ . -
049 — 544 L3092 0.75 —4 611 — LL | Case GAD.Lasersinode
12 |Laser Cathode (modulation)
13 | Case GND. Laser Anode
14 | Case GND. Laser Anode




1550nm DFB Laser
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1550nm MQW Laser

1.0 meter nominal fiber length

e

0.30 0.75 1.00
[7.6] [19.1] [254]
—*— — 4L
+
0.018 _|
- (— [1237] [0.46]
) 0.10[2.54]
FC/PC and FC/APC Connectors 0.28 [7.1]
0.36
0.25 i

ST Connector

Note: Connectors are not drawn to scale.



1550nm MQW Laser

Output Power (mW)

100

Typical Laser Characteristics
Photodiode Current (uA)
200 300

400
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20 30
Forward Current

(mA)

40

50

(A 3be3jop premuoy

Typical Device Spectrum

Relative Intensity

f

1550.4
Wavelength (nm)



EDFA

» Erbidium Dopped Fiber Amplifier

Input signal Amplified
1530nm - 1570nm  increasing signal level —  output signal
— - o —. —
980 nm
/ or T
1490 nm
Power Fibre containing
laser erbium dopant

(pump)




EDFA
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EDFA

lo/2

[11/2

l15/2

514 nm

532 nm

667 nm

800 nm

980 nm

1.48 um

'153um




EDFA

How to think of an EDFA

Reservoir, r = total # excited ions

Pump
Photons In
x ow\ri @
Signal Signal
Photons Photons
In Out

20.0 1

G60.0

40.0 1

20.0 1

15320 15335 1340 1343 1530 1555 1360 1365




Amplificator cu efect Raman

» Bazat pe efect Raman

Signal/Pump Light

Po"\"/\"/e.r_“transfer bySRS
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7W 980 nm Multimode Pump Laser

Voltage [V]

8.0 2.5
) 7.0 e
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600mW 980 nm Singlemode Pump
Laser

~ 1000

800
—
3 600 /
Z 400
200 e
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= 0 200 400 600 800 1000 1200
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Current [mA]
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6 W, CW, 800nm

A

C-Mount Package 9mm Package

0.250 0335
——] pr——
[6.35] [8.51]
[82;2] —= 0.20[5.1] j=— 0.354Nom.[9.0] —=
0.354+40.00/-0.001
e Laser Emission — - 0.06[1.5] ~_[9.00+0.00/’-0.0251
pose 1 l ' within @0.010 of
* Package Axis 0.150 +0.005

f

[3.81+0.13]
(Laser Source to Base)

0.125 [2.18] Ref. Lnsorece g
/ Laser (Cathode)
| f £ o TN A i '
Laser Emission : 1 K 4
it
78n oo /' 0295 L
[6.86] il (7.49] Lead Circle Dia. = 0.10
Y ©0.226+0.005 PIN 1 - Laser Cathode (-)
@0.087 [2.2] [5.74+0.13] PIN 2- Laser Anode (Case (+)) —
\ M(Clear Aperture) Detactor Cathode (if used)
\ 0.010/0.007 [0.15/0.05] Glass Thickness P2 Devdetor Mnodal 1) Jf usad)
Laser (Anode, Case)
0.111[2.82]- \ 20.090(2.29)
C'Bore @0.175x0.046 DP
q (34.45%1.17]




6 W, CW, 800nm

Typical L/1, V/I Graph
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CW Laser, 650 nm

1 mim

LD Pin e cOein
- e /

Closeup of Typical Laser Diode




Control dioda LASER

Laser | i  Monitor
; :  Photodicde

+ 5V

10KQ (for 25°C)

Amplifier

TIP-120

Cooler +

10KQ

TIP-125




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

.



