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1- Tipos de ruido

Several sources of noise are inherent in the process of photon detection:

m Photon Noise. The most fundamental source of noise is associated with the

random arrivals of the photons themselves (which are usually described by
Poisson statistics)

m Photoelectron Noise. For a photon detector with quantum efficiency m < 1, a
single photon generates a photoelectron—hole pair with probability n but fails to
do so with probability 1 — v. Because of the inherent randomness in this process
of carrier generation, it serves as a source of noise.

m Gain Noise. The amplification process that provides internal gain in some photo-
detectors (such as APDs) is random. Each detected photon generates a random
number G of carriers with an average value G but with an uncertainty that is
dependent on the nature of the amplification mechanism.

m Receiver Circuit Noise. The various components in the electrical circuitry of an
optical receiver, such as resistors and transistors, contribute to the receiver
circuit noise. ?)
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Signal and various noise sources for (a) a photodetector without gain (e.g., a
p-i-n photodiode) and (b) a photodetector with gain (e.g., an APD). @)
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Ruido Shot (PIN)

Naturaleza discreta de los fotones detectados — (disparo, granalla, lluvia, gravilla)
Densidad espectral de ruido constante — S_(f) =ql (blanco — todo el espectro)

Uisz :qu— Af

—_—
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del receptor

—_—
Densidad
espectral
potencia

A7)

i =R(P, +Py)+ 1y = RP, +1, =1, +1,
—

Corr_iente |
med!a
continua

Senal continua — |P

sefial — RLI ph2 = RL (SRPm)2 [W]

Ruido shot — (P

ruido
shot
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R 2q1 Af | [W]

Miguel A. Muriel - Comunicaciones Opticas - Ruido en Receptores -7



Ruido Shot (APD)

Los pares e -h™ secundarios se generan en tiempos aleatorios
— ruido shot afadido

IAPD = M(SR(Pin +PBG)+ Iol)z M SRIDin +M|d

(S —— —
Corriente Ion
media
continua
Llamando | =RB +1,=1,+1; > |l =M I
M=1
2 _ 2 T 2
0,2 =20|M? Fp [TAF| A% ]
[S——

Ex_cess
noise factor

Si >0,3<x<0,5

Freo (M) = M" [nggl]{ee -V —0,7<x<1

M=1 Fo,=1 —PIN

Senal continua — [P

sefial

=R M*I," =R (MRPR,)’

Ruido Shot —» |P

ruido
shot

=R.0;.° =R 20M*F T Af
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Ruido Térmico (Johnson noise, Nyquist noise)

T # 0 — movimiento de e — fluctuaciones aleatorias de corriente —»
— ruido térmico
2k T

Relacién con el cuerpo negro — f <1THz — S () = T[°K]
 C—
Densidad L
espectral
potencia
4k T
Gi 2 = B Af [A2:|
T R —_
L Ancho de banda
eléctrico
del receptor

P

ruido
térmico

=R 0y " =4k, TAf | [W]
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Ruido del Amplificador

Hay dos modelos

1) Con figura de ruido del amplificador
-Ruido Shot de componentes activos
-Ruido térmico de los componentes resistivos

Existe aunque T =0°K, y no haya sefial de entrada
-G (Ganancia del amplificador)

O-iA = Af
RL
TA
T+T,= T, = F, T F,=1+—
—— —— T
Temperatura  Figura de ruido
equivalente del amplificador
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2) Con tension y corriente de ruido del amplificador
* — Por unidad d

D

Modelo de amplificador real

Va ™ (V) G,
1, Amplificador
2 A |deal
(GIS ) =20M “Fpp | 2
o2 kT
(GH B R,
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2- Relacion senal-ruido (SNR) en receptores

(I, continua)

1) Modelo 1
1-a) Receptor sin amplificador
S M ZRLI ph2 M ZS‘RZ F)inZ
=N "Ro z - 4k, T
N Rioi " +Ro " oqMm2F,, ([P [+ 1,)AF + 8L Af

In

| ph O-is O-iT % R
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1-b) Receptor con un amplificador (alta impedancia) (HZ)

s GM?R I, ) M21 2 )
N GRLO-i82+GRLO-iT2 +RLGiA2 o, 2 o 2_|_:|-Ji 2
S ) G A

SNR =

2 2
M21,

2GM2F (1, +1,)AF + Pl HaTa o
L L
AkgT

i

MZmZ P2

In

2qM?F,. (R[P [+ 1,)Af + el o

I O O; % R Vo:GIpRL
ik
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1-c) Receptor con un amplificador (transimpedancia) (TZ2)

SNR = > = MR 1’ M _
N R, 2 R, 2 R 2 2 1 2
G(G)O-IS +G(G)O-|T +(G)JiA GiS +Gi_|_ +GJiA
_ M 2||Oh2 _
20M *Fopp, (1, + 14 )AF + Mol | HaTy o
L L
=
W
M ZERZ P 2
2qM°F, (R[P+ 1,)Af + e FT o
L R
i
w R,
I O, o | Vo =—1,R.
. s
'R VI
G I C I
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1-d) Receptor con dos amplificadores (alta impedancia) (HZ)

Nr_S _ G,G,M? RLIph B
G,G,R o, +GGR( Af) GG,R (° BAlAf)GR( BAZAf)
L RL RL
B M ?1 h B
- 4keT oy, AkeTy AfY+ 1 R, (4kBTA2 AF)
3 L RL Gl RL
21 2 2
_ M IP _ IIO
2GM2Fyu (1, + 1,)AF + 22T (1 +TA1+TGA2)Af 2GqM?F,p (1, + 1,)AF + ;T FAf+ 4"BTGA2Af
L 1 L L 1
M ZSRZ P 2
2qM?F, (R[P |+ 1,)AF + e £ af 4 Ko Tz ¢
. L L Gl
X 1amp|ﬁicador -
2 ampli]‘?cadores
o R,
RagXays =R V,=GGI,R
%
V,=1,R. Lo .
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2) Modelo 2

2-a) Amplificador de tension (HZ

)
/

Calculo de la senal

C=C +C, i
amplifier | GO
Ry Cl
0,81 o] |

photodiode

R = R Ramplifier

photodiode

Sin ecualizar —»

1 R
V. (f)=MI_ (R|C)=MI = Ml
|n( ) ph( || ) ph(i—i_Jzﬂ-fC) ph(1+127Z'fRC)
R
V. (f)=GV. (f)=G M Af 1 Muy baja
o oo °1+ j27 fCR 27RC YR

Con ecualizacion —»
G(f)=Go(1+ j27szR)—> Vo () =G,RMI
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Calculo del ruido S |

e VNoise
2 4k. T .
o, ) + ) =20M T + 8 (i, *)
Af Af G(.I:) R (I *)
N0|se HG(f)IZ (VA*)zdf + f | |
0 |l+ )27 fCR|
Af
G(fj \1+47sz R’C?|(v, ) +R*(ir *)’ ]df -
0
GOZ[ 1+ )(VA*)2+R2(iT*)2]Af
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2
S — Vout —
N \V; |
IN |V Noise|

(GoRMI, )?

2
G, ((VA*)Z (1+ 4;” (AF) R2C2j+ 20R? (1, + 14 )M?Fypp + 4K TR+ RZ(iA*)z]Af

2
|

v, *?| 1 4r° 2 a4k T (i,*)°
I\/>I2 RZ+ 3 (Af) C? +\2q(|ph+vld)FAPD,+MgR+ IC/IZ Af
—— N J —_— —_—

a b ¢ d e

M T—S/NT hasta que (c) se hace significativo — Valor 6ptimo de M
R T— S/N T mientras que (a) y (d) sean significativos
Af T— el término predominante es (b)
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2-b) Amplificador de transimpedancia (TZ2) R
F

C= Cphotodiode + Camplifier —L___
R:R ooioe”Ram ifier
phtdd” plif | GO |
R, C
V, (1) = YeulD) Ml T Na(B)] [Vou(F)
0
Mlph Out(f) Vln(f) Vm(f)( +1272-ij
RF
Mlph:Vout(f) 1 N 1 N 1 +127sz V. ()| - 127sz N
Re G,R- G,R G, Re G,
G,— J27 fR.C 1-j2nf EC
S
G, . .
— |Af = — No se necesita ecualizacidn si f < Af
27R.C
R-MI
Si se ecualiza >V _, (f)=- pR (1-j2rf FC)_—R MI
1- jorf FC G

0
Ganancia de transimpedancia — R
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Noise

S o
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Ganancia optima del APD

d (SNR)

o =0
Maximo dM

Si—>M_,, ~100
InGaAs > M, =10
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3- Limites del receptor con amplificador
Modelo-1
1) Limite ruido térmico (GHZ > aisz)

S M ZERZ P 2
lim = —lim =
(Gi.l_2>>6i32) (U'rr2>>5i32)
N 2qM2F,. (RIP |+ 1, )Af + 2 Fnl Af
L
2 2
sNro e e RIRS
2
o, " AT ar kTR AL
L PIN

La SNR aumenta con el cuadrado de la potencia incidente
Es lo habitual en fotodiodos PIN
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Cuantificacion del ruido termico — Potencia equivalente de ruido ( NEP =—0L)

—
Noise Equivalent Power 4/ Af

— Potencia minima necesaria, por unidad de raiz de ancho de banda eléctrico, para tener N 1

2
N S _ RR® Piminina) 1 s NEP-= P (minima _ 2 |kgTF, 5 hv [k, TF,
N 4k, TF, ~ Af [Af R\ R, a7\ R,

%K_J
(NEP)?

Valores tipicos de NEP — 1-10 [ pPW /+/ Hz}

P, = (NEP/A)

-También se usa:

Detectividad (Detectivity) — D = ———
NEP

Detectividad especifica — D™ = D+/ Area
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2) Limite ruido shot (o; >0, ?) (I, =0)

I- S I M 29{2 P 2
Im —=1m

(G,S >0y (0,82>>0i_r2)
'N 20M 2F,0 (R[P |+ 1,)Af + 4kRFT Af

In
L

RS _tm __ BR T Pal 1
Gisz 2qFAPDAf 2hVAf FAPD

DINI
F 1IN

La SNR aumenta proporcionalmente a la potencia incidente
Es lo habitual en los forodiodos APD

Miguel A. Muriel - Comunicaciones Opticas - Ruido en Receptores -24



(1) Agrawal, "Fiber-Optic Communication Systems", 3" Ed., Wiley, 2002

(2) Saleh and Teich, "Fundamentals of Photonics", 1% Ed., Wiley, 2007
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