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ABSTRACT In this analysis, we show that high feedback cause

In this study the effect of spontaneous emission noise on gdditional noise peaks in the RIN spectrum.
mode-locked Hybrid Soliton Pulse Source (HSPS) utilizing

uniform fiber Bragg grating is investigeted and the relative Il. MODELLING OF HSPS

intensity noise (RIN) is calculated using a numerical solution ) . .
of couple mode equations. It is found that high feedback ]S.:cigple mcl)_de (.equ;tl(r)]ng.can. be u_se(_jdto mode! the elﬁctrlc
cause additional noise peaks in the RIN spectrum . ield traveling In both directions inside a grating, and a
coupled cavity laser such as Distributed Feedback Laser
I. INTRODUCTION (DFB) or Distributed Bragg Reflector Laser (DBR).

Laser diodes are intrinsically noisy devices because of thghough the solution of these equations are obtained for
quantum nature of the light. Spontaneous emission is tRi&ner wavequide [2], it has been shown that they are also
main source of noise and it alters the phase and amplitj¢fid for the fiber Bragg gratings having cylindrical core
of the laser. Spontaneous emission events instantanem@iy

add incriments to the laser field each increment having a
magnitude of unity and a random phase angle. Assume that the refractive index of the uniform fiber core

varies along the propogation direction as
In this work semiconductor laser noise is presented when
it operates single mode and when it is mode-locked. The n(z) = ng, +oNcosRB,z ) (D)
effect of noise on HSP@&ilizing uniform fiber Bragg grating

is investigated and RIN spectrum is obtained. HSPS igheren_ is the refractive index of the unmodified fiber
strong external feedback device providing stable ang .o (usually taken as 1.46) is the peak of the index

single mode operation [1] and it consists of mainly threg,iation gn<< ). 4, is the Bragg propagation constant
sections as shown the Fig.1; Multi-Quantum Well 'as%jiven by
f

diode, lensed fiber and fiber Bragg grating. One facet
the diode is high reflectivity (HR) coated and the other

antireflection (AR) coated. B, = M/s" - Enco @)
o
DC+RF
AR Fiber Bragg Grating where /4 is the periodic strucure/, is the Bragg
HR i wavelength andvz stands for the order of the grating. In
[TTTTTTTTT] —> practiceMg=1 andMg=2 are commonly used, amdg=1
is considered in this work.
Light Output
MQW Laser Lensed Fiber Starting from these equations and using Maxwell
equations and some assumptions [2,4], we obtain
Figure 1. Schamatic of HSPS -F -joF = jkR (3)

HSPS is modeled by using couple-mode equations. These
equations are solved numerically and then further
processed in order to obtain the RIN spectrum.

R - joR= jkF (4)



In these equation$ is the forward-propogation field . Rsp , .
F(t,z) (+z direction) andR is the reverse-propagating <S(zt)s (z.t)>= /3's.f,\/—5(t‘t )0(z-2)
field R(t,z), (-z direction),F' andR' are the derivatives g

with respect to timex is the coupling factorxerong,/4), and (11)
¢ is the deviation from real part of propagation consfant < g(z t)s(z ,t ) >=0
(B= Po +9).

— 2 H _ . .
After some algebraic operations on Equations (3) and (A-)|'ere,ng— BN?/L, is the electron-hole recombination rate

the coupled-mode pair can be reduced to a set of secd¥d unit lenght contributed to the spontaneous emission.

order differential equations with constant coefficientlere, B is the radiative (or bimolecular) recombination
such that coefficient, L, is the length of the lasing sectidN,is the

carrier densityfs, is the spontaneous coupling factor, and
F“—yZF -0 ) Vy is the group velocity of light in the cavity.

W2 Ill. RELATIVE INTENSITY NOISE
R*-y"R=0 (6) The intensity noises are characterized by the relative
intensity noise (RIN) and they lead to a limited signal-to-
where(y’=x?-5). noise ratio. The RIN of a laser diode as the ratio of the
mean square intensity fluctuations to the mean intensity

Solutions of these equations assuming that the fields $guared of the laser output as shown the equation (13).

z=0 are known can be written as , ) i L
Since the emitted optical powBrof a laser exhibit noise

0 5 0 which causes it to fluctuate around its steady-state value,
F = gosh{z) - | —Sinh(VZ)S:o -0 ﬁsinh(yz)a% (7) itcan be written as
t y il oy t

P(t) =< P >+3P(t ) (12)

a .0 . Ok .
R = goshfz) + J—smh(yz)a?o +0 —Slnh(VZ)B:O (8) where €> is the mean power. The RIN relates the noise
g y o ov u of the optical powerdP(#) to <P> and it is defined as

In order to calculate the progressive fields, eithgandR
or R, and F are assumed to be known. Also, these
equations must be modified in such a way that they
include gain, loss and spontaneous emission noise in
laser. Let us assunig andR are known, and writ&, and
F in terms of these known fields:

<P’(M)>_<P(t)*>_

RIN =
<p>? <p>?

1 (13)

tPﬁ“e noise processes are considered to be stationary and
ergodic, so that the symbot> denotes either the
ensemble or the time averages.

o0 O 1 The values of RIN is calculated using expression (13) and
o0 ¥cosh(2) = (gne: - 10)sinh(2) then fast Fourier transform (FFT) is applied.
o (9)
g v ciksnha)RD, L8 o IV. RESULTS
[T jk sinh(y2) y % ENERE In this analysis, the walength is 1.55 um, mode-locking

frequecy is 2.5 GHz, DC and RF currents applied both the
laser diode are 6 and 20 mA, respectively. Grating and

Here g, is the net field gain in the laser diode when th?aser lengths are taken 4 cm and 250 m

loss is subtracted from the gais; and s are the

spontaneous noise coupled to the forward and reverse

: ure. 2 and 3 show the reflection spectrum of a uniform
waves, respectively. They are assumed to have eqlé?gting with 0.99 and 0.5 peak reflectivity. There are
amplitudes [5], e.g.,

many side-lobes at the long- and short-wavelenght sides
_ _ of the main lobe. These lobes are the results of the Fabry-
s (z)=s;(z1) =s(z1) (10) Perot effect employed by the grating edges that behave as

partially reflecting mirrors [3]. Figure. 4 and 5 show the
Spontaneous emission is assumed to have a Gaus$®N spectrum of the HSPS with 0.99 and 0.5 peak
distribution and to satisfy the correlation: reflectivity.
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Figure 2. Reflectivity of uniform grating
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Figure 3. Reflectivity of uniform grating
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Figure 4. RIN spectrum of the HSPS

300

with feedback as seen the Fig. 4 and 5 but supression is
not observed with 0.5 peak reflectivity.
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Figure 5. RIN spectrum of the HSPS

As seen the figures RIN value is approximately 120
dB/Hz and this shows the very high noise level of the
device. These results indicate that RIN is not sufficiently
low for practical purposes (e.g., 150 dB/Hz).

V. CONCLUSION
In this study, it is expected that high strong feedback
cause increasing amplitude of side-lobes in the reflection
spectrum and multi-pulse output from the HSPS. This
multi-pulse cause additional noise peaks in the center of
the RIN spectrum.

Also, it has been shown that our model can describe a
laser with strong optical feedback leading to stable, single
mode operation.
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