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Intensity Noise Suppression of an FP Laser by External Injection Locking”
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Abstract: The optimal intensity noise suppression of a Fabry-Perot (FP) laser is experimentally acquired by relatively
strong external optical injection locking technology. The maximum suppression is up to 9dB around the relaxation oscilla-
tion peak of the free running FP laser. We demonstrate how the injection light power and detuning frequency influence the
intensity noise suppression effects. Additionally, the relationship between the optimal suppression range and the stable loc-
king range is experimentally studied : both ranges enlarge as the injection light power increases,but the stable locking range
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permits larger detuning frequency at identical injection light power.
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1 Introduction

Optical injection locking technology has attracted
extensive attention. The emission characteristics of a
semiconductor laser could be affected by external
light injection. In the light injection system,the exter-
nal light from one semiconductor laser (the master la-
ser) is injected to the cavity of another semiconductor
laser (the slave laser). Various applications of this
technology have been exploited, including the attain-
ment of optical frequency convention by four-wave
mixing technology'''. the generation of microwave
signals*~*, and the realization of single-longitude
mode under modulation™™ . It was also employed to en-
hance the 3dB bandwidth and hence increase the
direct-modulation speed of semiconductor lasers® , to
reduce frequency chirping in intensity modulated
communication systems'”, and to reduce nonlinear
distortion in semiconductor lasers™ .

For application of a semiconductor laser,noise is
an important limiting factor in analog or digital com-
munication systems. [t impairs the transmission quali-
ty of the lasers. For a typical Fabry-Perot (FP) laser,
the most serious noise is laser intensity noise, which
reduces signal-to-noise ratio and increases bit error
rate. Operating conditions,such as bias level and mod-
ulation frequency,that directly affect the noise level,
external feedback or reflection into the laser will also

affect this noise™- 1011
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Yabre et al. developed a model to plot the rela-
tive noise intensity spectrum based on the rate equa-
tions in which Langevin noise forces were incorporat-
ed''. They theoretically illustrated how the noise
characteristics were influenced by strong external
light injection and indicated that relative noise inten-
sity could be significantly reduced over a large fre-
quency range if a low-noise master laser was em-
ployed.

In this paper, we experimentally demonstrate
that the noise intensity of the slave laser can be not
merely reduced, but completely eliminated or optimal-
ly suppressed under relatively strong light injection of
a low-noise tunable laser. Up to 9dB noise intensity
suppression is observed. Furthermore, the relationship
between the optimal suppression state and the stable
locked state is studied experimentally. Different ran-
ges of these two states are plotted.

2 Experimental setup

A simplified schematic of the experimental setup
is shown in Fig. 1. The master laser used is a tunable
laser ( Agilent 8164A). Its minimal tunable step is
0.001nm. The slave laser is an FP laser, biased by a
current source with a temperature stabilized control-
ler, and its threshold current is 12. 5mA. The light
from the master laser is injected into the slave laser
through a circulator. A polarization controller is used
to maintain the polarization state of the injecting
light,and a variable attenuator is used to adjust the
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Fig. 1
iable attenuator; PD: photodetector; OSA : optical spectrum ana-

Experimental setup PC:polarizing controller; VA:var-
lyzer; ESA :electrical spectrum analyzer

light power injected to the slave laser. The emission
light from the cavity of the slave laser is split by a
10 : 90 coupler.10% of the output light power is mo-
nitored by an optical spectrum analyzer ( Agilent
8334) with a resolution bandwidth of 0. 001nm, while
90% of the light power is received by a photodetec-
tor,and then monitored by an electrical spectrum ana-
lyzer (Advantest R3182).

3 Results and discussion

The light receiver in our experiment consists of a
photodetector and an ESA. The total noise N at the
output receiver results from three fundamental contri-
butions: the laser intensity noise N, from spontaneous
light emission; the thermal noise N, from the elec-
tronics;and the shot noise Ns.

The value of laser intensity noise is found from
Eq. (1) by subtracting the values of the shot noise and
the thermal noise from the total noise.

N. = Ny — Ny — Ny (D
Based on the intrinsic electric characteristics of the
receivers at the end of the system, there exists basic
system noise on the electric spectrum even when no
light signal is detected. This basic system noise indi-
cates the minimal noise level that the receivers can ef-
fectively detect, and only the noise power above this
level can be identified. The basic noise level is cen-
tered at — 147dBm/Hz, with a fluctuation of 3dBm/
Hz from 0 to 20GHz,as shown in Fig. 3(b). The basic
noise spectrum remains constant in our experiment.
According to the typical value at room temperature,
the level of the thermal noise is — 174dBm/Hz; the
shot noise results from quantum characteristics of
photons arriving at the receiver and related detection
statistics.and its typical power is — 168dBm/Hz at a
photocurrent of ImA.Both N, and Ng are more than
20dB down from the basic system noise limit. There-
fore,the detected noise Ny in our experiment can be
considered as the laser intensity noise N .

Frequency/GHz

Fig.2
laser bias level

Intensity noise and relaxation resonance peak vary with

The threshold current [, of the FP laser is
12. 5mA. Above I, ,the output of the FP laser is de-
tected by the receivers,and its intensity noise can be
monitored by the ESA,as shown in Fig. 2. The domi-
nant noise feature of the intensity noise is the
intensity-noise peak at the
point. The relaxation oscillation frequency increases

relaxation resonance
with the bias current, while the noise intensity power
is damped. When the bias current is above 40mA, no
obvious peaks can be observed.

Keeping the bias current of the free running FP
laser (slave laser) at 17mA,its dominant mode wave-
length is 1549. 236nm. Its relaxation oscillation peak
on the intensity noise spectrum is at 3. 7GHz, up to
—138. 34dBm/Hz. Adjusting the output wavelength of
the master laser to 1549. 3nm (detuning frequency Av
= — 8GHz), and the injection light power level at
2dBm, the optical spectrum under this condition is
shown in Fig. 3(a). The slave laser is stably locked:
the dominate mode wavelength of the slave laser
(1549. 236nm) is driven to the wavelength of the mas-
ter laser (1549. 3nm). At the same time,the power of
other longitude modes decreases more than 20dB.
Keeping the injection power at 2dBm,the total output
light power from the FP laser under the optimal injec-
tion locking condition is shown in the top right corner
of Fig. 3(a). When the bias current increases to above
73mA, the output power of the optimally locked FP
laser is saturated to the maximal level of 3. 5dBm.

The characteristics of the intensity noise are mo-
nitored by the ESA,as shown in Fig. 3(b). Compared
with the intensity noise of the free running FP laser,
the relaxation oscillation peak at 3. 7GHz is greatly
suppressed under the relatively strong external light
injection;we call it the optimal suppression state. The
peak power becomes — 147. 14dBm/Hz,up to 9dB be-
low the free running state. The intensity noise spec-
trum of the stable injection locked FP laser is similar
with the basic system noise.
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Comparison between free running state and optimal

The noise suppression can be acquired over a
wide frequency range. Changing the bias current of
the slave laser from 13 to 40mA, optimal suppression
states can be observed if the detuning frequency is
properly selected. Figure 3 (¢) shows the noise spec-
trum of the injected FP laser when it is operated at
25mA. A noise suppression of 5dB is acquired under
the injection power level of 2dBm.

As previous works indicated, the laser intensity
noise is a function of the optical power injected into

the slave laser and the detuning'*'"

. Similarly, these
two parameters determine whether or not the slave
laser is stably locked. During our experiment,with the
results monitored by OSA and ESA, we found that
when the optimal noise suppression is acquired, the
slave laser definitely lies in the stable locking state.
However, further study reveals that the optimal sup-

pression range is not the same as the stable locking

the slave laser is not considered to be stably locked
under this condition. The permissible detuning fre-
quency range for stable locking is from — 14.5 to
—4.75GHz,under the injection light power level of
2dBm.

Keeping the bias current of the slave laser at
17mA and adjusting the injection light level from —4
to 9dBm, the critical detuning frequency values are re-
corded for both the stably locked range and the opti-
mal suppression range, and the result is shown in
Fig. 5. The optimal suppression range is defined by the
shadow. Upper boundary 1 is the upper limit of this
range,and lower boundary 1 is the lower limit. Within
this range, regardless of the injection light power,
there is almost no difference for the suppression
effect.and it is the same as that shown in Fig. 3(b).
The stable locking range is enclosed by boundary 2.
Upper boundary 2 is the upper limit of permissible de-
tuning,and lower boundary 1 is the lower limit of per-
missible detuning at certain injection light powers.
The stable locking state permits larger detuning fre-
quency Av at identical injection light power. In fact,
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Fig.5 Curves of the stable locking range and optimal suppress-
ing range vary with the injection light power

when optimal relaxation oscillation peak suppression
is observed from the noise spectrum,the slave laser is
definitely stably locked to the wavelength of the mas-
ter laser.

As the injection light power increases, the per-
missible detuning ranges of both states enlarge to-
wards the positive and negative detuning frequency.
There is a gap between lower boundary 1 and 2, which
also enlarges when the injection power increases.
When the injection power is 9dBm, the permissible
maximum negative detuning for the optimal noise
suppression state and stable locking state are — 20 and
— 28GHz, respectively, which means a difference of
8GHz exists. On the other hand.the difference of up-
per limits between two states is negligible for any in-
jection power.

However,an FP laser subjected to optical injec-
tion may show various behaviors. A four-wave mixing
regime occurs when the detuning frequency is chosen
too far from the locking range. Under this situation,a
complex electric spectrum is observed: the intensity
noise at the resonant peak could be enhanced, and
new beating noise appears at other frequency points
(Curve a, Fig. 6). When the detuning frequency is
further increased,the master laser has little influence
on the slave laser. Under this condition, the noise
spectrum is almost the same as the free running state
of the slave laser (Curve b, Fig.6). Adjusting the
slave laser a 17mA bias and the detuning frequency to
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Fig.6 Intensity noise spectrum under unstable locking states

— 8GHz (the same as the parameters set in Fig. 3
(b)) ,and reducing the injection light power continu-
ously to under —12dBm,no optimal noise suppression
can be acquired. As a result,in order to acquire opti-
mal intensity noise suppression,suitable detuning fre-
quency and relatively strong injection light power are
both necessary.

4 Conclusion

We have experimentally investigated the intensi-
ty noise suppression of an FP laser under relatively
strong optical injection with a simple schematic of the
experimental setup. The relaxation oscillation peak on
the electric spectrum can be greatly suppressed if the
detuning frequency and injection power is properly
selected. Compared with the noise spectrum of the
free running slave laser biased at 17mA,a suppression
level up to 9dB at the relaxation oscillation frequency
is acquired when the detuning frequency is — 8GHz
and the injection power is 2dBm, while no additional
noise is added at other frequency points. Further-
more, the optimal suppression needs two conditions:
suitable detuning and relatively strong injection pow-
er. A set of critical detuning frequency values for op-
timal noise suppression and stable locking is measured
at different injection power levels from —4 to 9dBm.
A comparison between the stable locking range and
the optimal suppression range was given: the optimal
noise suppression phenomena occurs at part of the
stable locking range;the latter permits larger detuning
frequency at identical injection light power;as injec-
tion light power increases, both ranges enlarge, but
the gap between their lower limits also grows.

Because the intensity noise of the slave laser can
be greatly suppressed by external optical injection,the
laser is expected to have better performance in analog
or digital communication systems.
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