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Evolution of the Intensity Correlation Function in a Single-mode Laser
with a Biased Amplitude Modulation

YE Qing
(School of Electronic and Electrical Engineering » Wuhan Textile University , Wuhan 430073, China)

Abstract: By using the linear approximation method, the intensity correlation function C(¢) of loss model
laser system with a biased amplitude modulation was calculated. The different forms (irregularly periodic
increasing, decreasing and so on) were obtained in the evolution of the intensity correlation function C(#)
with the time #. The results indicate that: in the case of a, =0. 1, the flat irregularly periodic oscillation
is shown; the period of irregularly periodic oscillation is adjusted by the low frequency  of modulation

signal; the initial value and the period of C(#) can be changed by the intensity of quantum noise Q and the
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high frequency w of carrier signal.
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0 Introduction

The intensity correlation function of laser system
has been the subject attracted a great deal of attention
in theory and experiment over last decades. It is mainly

1 in these researc-

limited by single-frequency signal™
hes, but in face fact the broadband-amplitude modulati-
on is adopted. For an instance, the carrier signal has
been asked for wider range of frequency in communica-
tions. Adding signal to radiation source of laser as an
information transfer will have broader application
prospects. Moreover, Fulinski and Telejko put forward

the conclusion which is existed between the noises™ ,

then Cao Li et al.™ give a minute study on one-
dimension stochastic system driven by the relationship
between pump noise and quantum noise. As we know,
the intensity correlation function which is a basic
statistic quantity in describing the dynamic properties
and the statistical properties of a laser system will play
an important and a special role. Gui Di ez al. ' discuss
the intensity correlation function of gain model with
colored-pump noises. However, there are few previous
works in which the effects of intensity correlation
function in loss-noise model with a biased amplitude
modulation are considered, as far as we know.

By adopting the linear approximation method, we
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study the time evolution of intensity correlation
function for a loss-noise model of a single-mode laser
system driven by both colored pump noise and the
quantum noise with the cross-correlation between its
real and imaginary parts. From the intensity correlation
function we also can get the intensity correlation time,
statistical fluctuation, the Signal-to-Noise Ratio (SNR)
With the SNR of laser

system, we can further reveal the phenomenon of

of laser system, and so on.

stochastic resonance to optimize the output stability of

laser system.

1 Calculation and description

The equation of the intensity for a loss-noise model

of a signal-mode laser with a biased amplitude

modulation is given by

dI

e =2a,—2AF+Q(1—

A D A20p () +

2y/Te, (") +B(1—Dcos (")) cos (wt') (D
where the quantum noise and the pump noise are
correlated in the following forms

(Pt ={(e, (') =0;{pp (D) pr (¢)) =
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In Egs. (1) and (2), a,and A represent the net gain
and the self-saturation, I is the laser intensity, B and
D are the amplitudes of carrier signal and modulation
signal, (2 is the frequency of modulation signal with low
frequency, w is the frequency of carrier signal with high
frequency, py (#) is the real part of the pump noise,
e, (1) is the quantum noise of phase lock, P and Q are
the intensities of the pump noise and the quantum noise
respectively, r is the time of self-correlation, and A, is
the cross-correlation coefficient between the real and
imaginary part of the quantum, and —1<C},<C1.

Let I =1, + 06, = a,/A is the
deterministic steady-state intensity, and 8(¢) is the
(1) around the

where I,

perturbation term. We linearize Eq.
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According to the Steady-State Mean Intensity
Correlation Function (SSMICF) defined by
C) = lim (TGO I +1) =

+2x/0
1im(2QJ TGHIE + o))

T

i

inserting I, =a,/A and y=2a,, we have
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By virtue of the Eq. (5), the curves of C(#) versus
the time ¢ with different coefficients are plotted from
Fig. 1 to Fig. 4.

evolution of the intensity correlation function of single-

In the following, we will discuss the

mode laser.
Choosing the net gain a, as a parameter, the
=0. 04, the curve of

irregularly periodic

curves are plotted in Fig. 1. As a,
C(t) — ¢
oscillation in Fig. 1 (a).

increasing

In Fig. 1(b) this curve just

appears

changes to the flat oscillatory tendency with the net
In the case for 0. 1<<a, <<
0.5 in Fig. 1 (c) this curve abruptly changes flat to

gain increasing to a, = 0. 1.

decreasing oscillation. It exhibits long time evolution of
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Fig. 1 C(p) for the different values of a, where A=1.2,P=0.001,=0.1,2,=0.3,B=1.D=1.5

C (t) ona,=0.05in Fig. 1(d). The summary is that
the oscillatory tendency is suddenly changed when the
curve of C(¢) —¢ on a,=0. 1.

Choosing the low frequency 2 of modulation signal
as a parameter, the curve of C(¢z) — ¢ is plotted in
Fig. 2. The curves obviously change with the low
frequency (4<{0Q<C5). From the Fig. 2 we get that the
low frequency 2 of modulation signal can wonderfully
modulate the irregular oscillation in the time evolution
of the intensity correlation function, and also it makes

the curve to go to the periodic oscillation.
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Fig. 2 C(1) for the different values of 2 where A=1.2,
P=0.001,=0.1,2,=0.3,B=1,D=1.5
Than the curve of C(z) —¢ is plotted in Fig. 3 by
choosing the intensity of quantum noise Q as a
parameter . When Q decreases , we get as follows that
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Fig.3 C(1) for the different values of Q where A=1.2,
P=0.001,¢=0.1,4,=0.3,B=1,D=1.5

the curve integrally moves down and the shape of the
curve nearly doesn't change.

Similarly, the curve of C(z) —¢ by choosing the
high frequency @ of carrier signal as a parameter is
plotted in Fig. 4. With « increasing, the curve of
C(t) —t oscillates faster as well as the initial value of

C(t) decreases.
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Fig. 4 C(») for the different values of w where A=1.2,
P=0.001,7=0.1.1,=0.3,B=1,D=1.5

2 Conclusions

In summary, we discuss the influences on the
curve of C(z) —t with the different parameters. Such as
the net gain a,, it can change tendency that the curve
moves up or down. Changing the low frequency Q of
modulation signal can make the irregular oscillation
close to the regularly periodic quantity. In addition, the
intensity of high frequency w of carrier signal can
change the oscillating period of C(z). Also the intensity
of quantum noise Q can control the initial value of
C(t). According to the formula of the steady-state
mean intensity correlation function C(¢), its change is
decided by the exponential of the function “e” and the
periodic signal. With increasing of the frequency w, the
curve of C(¢) presents down as a whole. And the curve
C (t)

exponential y = 2a, increasing.

presents the attenuation process by the
let O

increase, the tendency of the curve will be changed

Moreover,

more regularly. We adopt the linear approximation

1114001-3



method, all the values for formula of normalized

intensity fluctuation C (0) <1 is established. The

evolution will keep on irregular oscillating periodically

for the time extension. It is easy to say that the Eq.

(5) only retains the periodical oscillation part when the

time lasts forever.
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