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MODULACIO DEL LASER

Tipus de Modulacié

» Modulacié d’Intensitat —> potencia optica (IM)

amplitud (ASK)
» Modulacié Coherent —> { freqliéncia (FSK)
(portadora optica) fase (PSK)

I +info
.
E> I info
> 0 2
PRSI

P Modulacié Directa —>

» Modulacié Externa |
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Modulacié Sinusoidal

P,

I(t)=1,[1+m e |

m, <<1 I

Petita senyal = =
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I(t)=1, [1+ mJej“’Ot] =1, + Al(t) Corrent de modulacio

Regim estacionari Comportament Estatic
o, >0
i S=—(1-1,)
I=1,[1+m,] qVv
N=N
T T T
=P (]- l,— 1) +——m;,l
Smqul=te) =gyl le) gyt
So 45(0)

Regim sinusoidal

S=5,+ S,: densitat de fotons de la component continua
N=N. 2AN(1) N,,: densitat de portadors de la component continua

th

Variaci6 sinusoidal
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S=S,+AS(t)

Equacio de Ritme de Portadors N =N, +AN() g} =Ta(N-N,)

ON _ | N
a0 q_V_T__VgS (_g(N)=g(Nth+AN)=Fa(Nth—NO)+Fa-AN
2N L (NQBAN V[o,+Ta-AN]-(S, +45) -

r

a
N, =N, +—
Tp th 0 Ta
Nth Ith qV So=q_v(|o_|th)
oAN al_ v[a, +Ta-AN]-(S, +AS) _ 1
ot qQV T, KER e
t

ot Qv 1 T

P r

p glible

OAN _S ﬂ_ﬂ_[;LA—Swra AN-S, +vTa-AK - AS
p
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0
aA—N=—AN i+v-l“a-SO —A—S+ﬂ 1 ot
ot T, T, qV (1)
Equacio de Ritme de Fotons 1

S=S,+AS(t) " v.a,

0S S(g
—=V-¢-S-Vv-a,S+ r—| =—— =
praal i : % Tp(at 1) g=a,+Ta-AN

S, +AS .
aAS=( 0 )(’zt +T'a-AN —Z) =Vra'SOAN+yFa.¢.AN

ot T o, %@ible

p

aaA—tS ~vla-S,AN | (2)
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Derivant (1) i substituint en (2)

*AN N( 1 vla-S 1 OAl
6A2 +8A —+vla-S, |+ 0AN=—aA
o> ot \r, T, qV ot
o constant de decaiment del laser > ~10° A T_r+ il Sy
o, freqiiencia de ressonancia del laser > ~ 10%2 , _VIla-S,
o, = Tp
Equaciod de Variacio de Portadors
2
N(t N(t 1 I(t
6A—2()+2a8A ()+0)§AN(t)= oAl(Y) 0 << @,
ot ot gv ot
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Oscil-lacioé Sinusoidal

azANz(t)+2quN(t)+mfAN(t)=iaAl(t) Al(t)=m,loej“’°‘u(t)
ot ot qv ot 0
1
Al(m)=mllo{n6 0-o, +_—}
TF 7o) o-o)

#UPC

—@°AN(®) + j2amAN(®) + @ AN(®) = qivijl ()

=V

AN(co)|:co§ +j2om—®

o?-a’ +(0L+jco)2

2:| = qivmllojco|:n6(w—mo)+

AN(0) = ql jm|:1r6(0) m0)+j(mim0)}
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1 1 1
AN(w) = ®| to(w—o -
(@)= q PYA ( 0) 2+((1+j0))2 J(m—m0)92+(a+jm)2
t’i(o)—o)o)ﬁr;2 { 1 (“+j“’0):(r“+j‘°)} 1
Q" +(otjoy) i(o-o0)  Q?+(a+jo) |Q%+(a+jm,)’
AN(co)_m'IO jo nd(0—w,) + 1 (a+j(00)+(a+_2|o))
qVv QZ+(G.+](00) (- 030) Q° +(a+ jo)
21 ejo)otu(t) a+jo, : a+jo i
T Q?+(a+jo)’ Q*+(a+jo)
TFL
_ o+ jo, Q a+ jo
Q QZ+((1+]0)) Qz+(a+jco)
sm(Qt)u(t) cos(Qt)u(t)
v
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m, | 1 0| ; o+ Jo, _ .
AN(t) = —-2 —{e""“u(t)— —— e sin(Qt)u(t) -
qV Q% +(a+ jo,)’ ot Q

—e™™ cos(Qt)u(t)}

%{ej“’Otu(t)} = jo,e(t) + eB(t) = jo, e u(t) + 8(t)

%{%jmoe-‘“ sin(Qt) u(t)} = [—a%jmoe““ sin(Qt) + (& + joo, )e™ cos(Qt)}u(t)

+me‘“‘sin(9t)a(t)

J

-

0

%{e““t cos(Qt)u(t)} = [W— Qe™ Sin(Qt)]u(t) +e “cos(Qt)o(t)
a(t)
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[jo, g™ u(t) + oty — oty + ’
m| 1 o+ jo . .
AN(t) = —-2 S | a—2esin(Qt) — jo.e ™ cos(Qt :
v O +(a+jo,) |+ @ (@0 - jo, (@) u(t)
+Qe “sin(Qt) )

AN(t) = Mo L Z{jmoej“’°‘+[W)—
Qv Q° +(a+ ja,)

- jo,e= os(Qt)}u(t)
En Regim Permanent

=mI|0 J(OO

AN(Y)| . eloot _ g jo,
: qv QZ"‘(“"‘F’%Y B qu' O, — o + j200,

ej")ot

Q=0 -’ Portadors
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Fotons AN(t) = M, - 21 - 0 {[e""’“—we‘“‘sin(ﬂt)—
qV . —o; + j2om, ot Q

OAS(t -e™™ cos(Qt)]u(t)}
A = vIla-S,AN(t)

AS(t):vl"a-Som'IO - 21 _ [ej“’ot—M ~*35in(Qt) -
qV o; -0, + J20m,
jﬁﬂmﬁﬁﬁ}M)

En Regim Permanent

I m : | ®’ :
AS(t)|t—)oo =vla:S§,—————— = TN !

qQV o, — o, + J200, qVv 0, — 0, + J20m,

vla
2 _
mc = —SO
To
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Resposta a un Senyal Sinusoidal en Regim Permanent

I(t)=1,[1+me™" Ju(t)

N =N, +AN(t) Uy

I jo : I, m jo i
° m, — Jz = e = N [ 1+ ——t 2 J?_ = e
Qv o, - o, + 200, \Ith T, O, —®;+ jZowﬁ

my

N(t)| =Ny, +

tow

S=S, +AS(t)

I 2 : I, T,mM 2 :
S(t)|t_)a0 = SO + 0 Tpml > 20)0 - el%t — SO 1+ 0o “p 'l . 20)0 : eJmot
qVv 0, — O, + j200, Qv S, o, -+ j2a0,

0)2

I .
S‘t =S 1+ 0 m c ejmot T
()|t—)eo 0 IO_Ith 'wg—m§+j2aw0 Sozq\p/(lo_lth)

mg
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Poténcia de Sortida en Regim Permanent

- SO =S, |1+ ——m,— 2035_ gio
P(t)=1 RVWdhfS(t) { =1, O)Cv—m0+12ao)0 ”
2JR 4
2
P(t) =2 +v-Wd-hf -S| 1+ '0 m——e gt
2R =1, o -o;+ 20,
T M
=q_\p/(|0_|th)
1-R 1 hf ®> _
P(t)=—— — 1 (1.=1 +1I.m c ejmt =P + AP(t
(t) 2\/E atL q ( 0 th) 0 IG)E—OJ(2)+J'20L0)0 0 (t)
M‘(rm)
1-R 1 hf apy= LR LN ey
P = iR ol q o ) 2VR a.l
2JR aL g L g
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Funcio6 de Transferencia
1-R 1 hf
—I,mM glot
H(w)= 2P _ 2JR a,L g (©) _L-R LA
_AII |mej‘°t “2Ral q
1-R 1 hf,
Apt = M jot ﬂ
() 2\/— L 0 | ( )e mz
H(w) = M(®) = ————
Al = |0m|el"°t o -0 + JZamo

i
ANN—W— M) = .

2 2
A S R T )
®2 =1/RC C s -

Filtre passa-baixes de 2n. Ordre
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20log |[M(w)| Ample de Banda

pic de ressonancia BW| =

. 1
@/, o = VT3-S 9g=2 4yra S,
T T,

o/m, <1/2 — ressonancia

T
COMPROMIS mmm) Se=—"-(1,-1
a/o,>1/\2 - BW<a, ’ qd( o= tn)
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Modulacid Digital
r'y P

out

PON

POFF

CAS1> o <lpy <lgy
CAS2-> |, <l <y,
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Modulacié Digital — Grad de Corrent

Al(t) = 1 u(t)

AN(t) = l 12 o e sin(Qt) u(t)zl—oe““sin(Qt)u(t)
qV o; . —a’ qVv

AS(t)=VIa-S, lo 12 1- % e sin(Qt) e cos(Qt) u(t) =
qV o o’ —a’

C

AS(t)=VIa-S, ql—\o/i [1-e™ cos(Qt) Ju(t)

2L
C

Oscil-lacions Sinusoidals Esmorteides Desfassades 90°
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IOFF < ITH < ION
N(t)
Nin
Nor = %%,
>

LED
Qm
N

0 t

r
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Només emissid espontania (LED)

T

T —_
N(t):q\r/ION +q_\r/[ION_IOFF](l_e t/Tr) OStStr
Temps de Resposta

I /I

I, — l,.=0— |t =1 In—ON/ TH

t’”f'”ﬁ ° S PV B
tl‘
t"‘LED = 2'191‘.r

En aquest cas no tenim un
t fixat comen el LED

e/(e-1)

IonIry
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ITH < IOFF < ION
N(t)
Nryg I
- S .t
S(t) i | | |
SON ) _-i_ : :— ] __-i___ ] .:- ] ] 1
Sorr
» 1
0t
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Sempre emissio estimulada (LASER)

loy =
N(t)zNTH+%t 0<t<t,

vl'a

Zq—V(ION —~ IOFF)tZ] 0<t<t,

S(t) = Soer exp[

12
‘ z[ZqV In((loN_ITH)/(IoFF_ITH))] <= No depén de t,

vI'a lon = Torr

Aguest cas dona molt millors prestacions pero té un
consum molt elevat. El cas anterior és just el contrari.
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