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2. Rate Equation

2-1. Rateequation

Rate equation
rate equation
rate equation
L-I curve
D nonlinear gain compression
rate equation [15].

ds(t) N(t) - N, S(t) . Gb
—= t) - +— N(t la

- e SOty MO (1-3)
dN(t I N(t N()- N
L0 .20, L) (1-b)

t Qv ot 1+eS(t)

af (t) _a 1
—_— = N(t)- N, )- — lc

m 2[Ggo( (- N;) tp] (I-c)

Vhhv

P(t) = t 2

() 2t S(t) @
S(t) photon density , N(t) carrier density f(t) optica phase.
G  optical confinement factor , gy optical gain slope , N;  transparent carrier



density , e gain compression factor ,t,  photon lifetime , t, carrier lifetime

, b spontaneous emission factor , q .,V activeregion , a
linewidth enhancement factor |, h quantum efficiency I
(1) rate equation laser cavity field carrier density
lasing process (2) photon density



2-2. L-l Curve

Photon  carrier density  rate equation  (1-a, b)

[15].
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rate equation [15].
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t n Gg 0t p
(©) b tdtn
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(FP)?-(I-14-1)FP-1. =0

spontaneous emission term ls

P=(-1,)/F
XL Photonics Multi-quantum-well package  butterfly DFB LD
L-I curve fitting (5) log scale
data F s, ky curve fitting
Fitting Levenberg-Marquardt MATLAB
CONSTR . fitting 2-1 2-1
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2-3.

rate equation
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Parameter B (GHZ?/mA) K (p9) tn (ns)

Vdue 176.34 206.52 0179

2-3.B,K,t, fitting




2-4.

Chirp
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Parameters Description Dimension Vaue
Threshold
It Current mA 17.52
F=2ql /hch - AIW 12.56
B=Ggu/qV - GHZ/mA 176.34
t, Carrl_er Life ns 0.179
Time
K K factor ps 296.52
fe Chirping Frequency GHz 121
Linewidth
a Enhancement - 3.09
Factor
t.=e/g, - ps 3.18
Photon Life
to Time ps 4.33
Spontaneous
ls emission term A 1259
2-5.
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3-1. RateEquation  perturbation

(11
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rate equation
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2 (18), (19)
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3-2. Rate Equation  perturbation
2 31 rate equation
P(t) X(t) rate equation
[15].
dP(t) _ Btoly(XM)-D+1/t, P() - P(t)
dt 1+ FBt ,t ;P(t) t,
X (t | (t FBt (X()-D+F/1 .t X (t
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Rate equation phase chirp
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harmonic term
Dv(t) =—1m (22) rate equation w
2 dt
harmonic term 2
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data
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4-1
harmonic 2 harmonic
field intensity chirp
2 harmonic E-field
2
E(t,2=0) @R’ *(1+Myy1 COSIR +] 1) + My COSANR +] )2 @7
exp(i XMeyy COSMVAA +] pyp) +iXMEyp COSRWR +] £y 2))

32 rate equation
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J wmi =arg(DR),j . =arg(DP,) (28)

My, = Dv,/ f,my,, =Dv, /2f

j FM 1 = a'rg(Dvl)i.l FM 2 :arg(DIZ)

E-field [8-9]

series [14] Bessel function

summation theorem

E-field phase

Fast Fourier Transform
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[14] large signal analysis ,
intensity square root
1 2 1
chirp Bessel
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¥
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E-field
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[14] square root intensity 1
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Abstract

Nonlinear Distortion of Directly Modulated DFB LD in Anadog

Optica Links
Lee, Ki-Hyuk
Dept. of Electrical and Electronic Eng.
The graduate School

Yonsa Universty

In the analog optical links using directly modulated laser diode, nonlinear
distortions that cause the channel interference, limit the system performance
like SCM. Nonlinear distortions are induced by many reasons such as
nonlinear L-1 curve, intrinsic dynamics of laser diode, and frequency chirp
with fiber dispersion. Specidly, in the frequency range above 1GHz, distortion
induced by laser dynamics can not be neglected. So, we should consider these
effects when we estimate dispersiontinduced distortions.

First, fitting L-1 curve, frequency response subtraction, and fiber transfer
function, we extracted parameters for rate equation model which describes
laser dynamics. Then we anayzed rate equation using perturbation approach
and found relative magnitude and phase of second harmonic distortion. Based
on these results we numerically analyzed dispersion induced distortion and

found it match well the experimenta resultsin the entire frequency range.

Key words: nonlinear distortion, parameter extraction, second harmonic

distortion, dispersion induced digtortion



