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LASER (Light Amplification by Estimulated Emission of Radiation)

Cavity sides are rough cut Cavity ends arc
cleaved on (110)

Dielectric crystal planes

reflecting

layer(s)

Optical and carricr
confinement layers Lasing spot

Transverse size,
0.1-0.2 um

- \l__ls.iltle:;r:lns_'lize.__‘
cavitat ressonant Fabry-Perot i
Corrugated
feedback grating
Active layer
laser DFB
Confinement /
layers
Substrate output
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Prestacions d’un LASER
multimode monomode

T

Output
Power

-~

Spectral Width
at FWHM

Wavelength —=

» BW fins a 10 GHz = Ry fins a 10 Gb/s
» AL molt estret > 10 MHz (0.08 pm)
» Pyt elevada 2 3 dBm
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PRINCIPI DE FUNCIONAMENT

“La font LASER és una cavitat Optica ressonant que es basa en el
procés d’emissiod estimulada per tal de generar llum coherent”

CAVITAT OPTICA INV. POBLACIO
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ENERGIA EXTERNA TOTAL LASER PARCIAL
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MODEL EQUIVALENT

“La font LASER es pot modelar com un sistema amplificador

realimentat”

Realimentacio

™~

I/mplificacié
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Coherent

Guany > Perdues
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Condicio d‘Oscil-lacid
CAVITAT FABRY-PEROT

: > Z
0 L
R.: Coef. Reflx. Poténcia g: Coef. Guany Poténcia [m™']
r.: Coef. Reflx. Camp a: Coef. Pérdua Scattering [m-']
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Equacions de Propagacio

£ (2) = Eze 2" Vg g E*(0)=R,E(0)

E-(L)=r,E*(L)

Condicions de Contorn

E (z)= E[eE(g_mS)(L_Z)e‘”*(L‘Z)e""*’t

E+(O)=Ege/6 =rE (0)= r(E g2 e’BLe/)—>E —r@e ) gipt

E~(0)= E-eZ‘ o) gL giot /

E‘(L)=E[e7{t=rE+(L) r(E rgal bty /)—)E =r,E} e2 o) gip

E*(L)=E; ez(g )t g IPLg-iot

7= rlngge(g'“s Lemi2bt 5 Irr,eld )i

3. FONTS OPTIQUES - DIODE LASER 54




GCO

) ]
OMUNICACIONS OPTIQUES $58 st UPC

Condicié d*‘Oscil-lacié de modul

— (g _QS)L
1=rre""

—=e"" s In| —|= -o )L
r.r (rr (90 ~a)

1°2 1°2
1 1 1 1
Iy =0, +—Inf —|=a,+—In =aq,
L \nr, 2L (R/R,
R =|r.|2 ‘ Guany llindar
T
g, guany llindar 2L Rle

o.: perdues degudes a la cavitat

-1
o, perdues totals [m~]
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Saturacié del Guany POTENCIA OPTICA
Et+ ZONA ACTIVA
’ SITUACIO
D’EQUILIBRI
g as \/ -
< E- g(P)=a,
gcr,cp .
g <o, — Situacio Inestable /
(No Oscil‘lacio)
g = a, — Situaci6 Estable U
(Oscil-lacio) g(P
g > o, — Situaci6 Inestable .
(Saturacid) 0 , L
POSICIO
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Condici6 d‘Oscil:lacio de fase

1=¢7%"
2BL=m-2n
27 A C
2—nL=m-2r—>L=mMm—"T=m——
A 2N nf
C L i .,
f =m—— | Freq Ressonancia Modes d’oscil-lacié
2nkL Cavitat longitudinals
A /2nL
Af=_C Ao Ao
2nL
)"P fp « >
}\,i A,FZ) ;\' fm fm+1 f
AAM=Af-— =
c 2nL ¢/2nL
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Efecte combinat
' Espectre
Pmax [ o iR S \ salbisde
: Y g(A) =g, = AL
""""""""""" % i Fil % g= o i
Moo, A A [m]
Espectre
Pmax AT A NS R g= (}(,t
_______________________ % monomode  g*(1) 2 g, —> AN
A Ay A [m]
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EXPRESSIO DEL GUANY

« L >
Ritme E. Espontania: [m3s!] Y Te / oV = Wd oz /
rspE'A‘NZ=N2/Tr d | |

Z 2+0z7
Ritme E. Estimulada Neta:
A° A° A°
L=r—r =(N2 - Nl)p' B =(N2 - Nl)p‘trSﬂ:hn?’ BzAgnhn3 - 1,8mhn’
Poténcia Optica: [W]
hc Cc
OP=r,-hf-0V=r, TWd -0z P=pHWd—>p-c-Wd=nP
6P hc 7\,3 hc L‘
— —Wd=(N,-N,)p—————Wd=(N,-N 0
oz ( )p: gxhn® A ( ): e LY
P A2 § A2
N, —N, nP=(N,-N ~P=gP — |P(z)=Pe*
oz ( )tr8nn ( )1: nn J (@)=F,
g
3. FONTS OPTIQUES - DIODE LASER 59
cco ]
OMUNICACIONS OPTIQUES 838
- $2UPC

Coeficient de Guany [m'l]

(Nz_Nl)

gocr,ocp Qo)

A«Z
t,8nn’

zona de
treball

9

saturacid 9(z) = g—o

sat

A [m)

Guany del material per unitat de longitud  model matematic

9, (N,A)= a(N—No)—Y(k—kp)z [m]

a: coeficient de guany

v: factor de curvatura

A+ longitud d’ona de pic
N nivell de transparéncia
g,: guany maxim

A [m]
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Factor de Confinament

“Percentatge d’energia que cau dins la
zona activa ”’

5-10%8,)

|2 <1

r
E|

Far-field
Total pattern

g(A)=Tg,(»)=Ta(N-N,)-Ty(h-1,)

30-50°8 ,)

Guany Net de la llum en el medi

9 (k)Ergm(l)—as=1"a(N_ NO)—F'Y(K—XP)Z -

S
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CARACTERISTICA LLUM-CORRENT

. Poténcia Optica

E. Estimulada

e . IE Espontania

Py
L

I, I

I 2 Llum com la d’un LED, E. Espontania
II = Llum com la d’un LED amplificada
IIT - Efecte Laser , Llum Coherent, E. Estimulada
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Poténcia Optica

CAVITAT FABRY-PEROT

Equaci6 S ’ .
de Ritme o~ S(Z)
<4
Sout
} : : ,
0 L/2 L
R1 = R2 =R g= l"gm 1= rlrze(g—as)L _ Re(g'“s)L

S*(L/2)=S7(L/2
S: densitat de fotons en la ZA [m] (L/2) (L/2)
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S(z) =S"(2) +S7(2) =s7(0)e ) +5(L)ele)=2)
Seut =(1-R)S*(L) =(1-R)S*(0)e®@*)" = (1-R)S*(L/2)e )"
S(L/2)=S"(L/2)+S (L/2) =2-S*(L/2)
S,., ((1 R)/J—)s+(L/2) ((1—R)/2J§)S(L/2)
(g—as)% 1

1=Rel*)t ¢ =

P =S.v-W-.d-h-f (L2 =5 (L/2)
Pout ((1 R)/ZJ_)S(L/z) v-W.d-h-f

S(L/2) =S
P =((1-R)/2VR)S,v-W-d-h-f, ﬂ
f ~f

out-ZP —> P2 \1-R)/2VR)-S,v-W-d-h-{,

m

Poténcia Optica Total

[W]
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ESPECTRE DE POTENCIA

+ Espectre

11 e o o

N By K 2 [m]

2
1. Af= _c AN ~ A‘p freqliencies de
' B nLL nL ressonancia

1 J condicio de

1
2 020, =0+ In
. 2L R.R,

guany

#UPC
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TIPUS DE LASERS

Laser d’Estat Solid: Ruby

Energia
F 3

Estat metaestable
gotr_nbmg Inversia
optic de poblacié

3 Nivells
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Laser de Gas: He-Ne

Energia
[ He Ne
I e e -
c0|.|isi0k‘ Decaiment rapid
o E;tat metaestable
Impacte Inversio
electronic de poblacid
Decaiment rapid

4 Nivells
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Laser semiconductor: GaAs

Energia
h
J Banda de Conduccid

Fy
Corrent
eléctric Inversio

de poblacid

¥

Banda de Valéncia

Estat metaestable

3 Nivells
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