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Abstract.  We have studied the amplitude noise in a fibre Bragg 
grating laser diode. It has been shown that discontinuities in noise 
characteristics correlate with those in the power – current and spec-
tral characteristics of the laser diode, whereas the noise character-
istics of the pump source have no such discontinuities. The highest 
noise level has been observed at pump currents corresponding to 
concurrent generation of two longitudinal modes.

Keywords: single-frequency laser diode, fibre Bragg grating, emis-
sion noise.

1. Introduction

Low-frequency amplitude noise has been the subject of 
extensive studies (see e.g. Refs [1, 2] and references therein), 
which highlights the importance of such studies for the abil-
ity to improve the performance of electronic devices under 
development. High-frequency (0.1 to 10 GHz) noise in laser 
diodes (LDs) has been investigated in detail, and there are 
no serious discrepancies between theory and experiment [3]. 
In the low-frequency (LF) range (below f = 105 – 106 Hz), the 
spectral density of emission intensity fluctuations exhibits 
1/f behaviour (flicker noise). Existing theory provides no 
description of the noise characteristics of LDs in this fre-
quency range, and results of experimental studies are some-
times contradictory. Bessonov and Kornilova [4] reported 
low-frequency noise to correlate with the pump current 
amplitude and fluctuations. At the same time, no such cor-
relation was found in experiments described by Dandridge 
and Taylor [5].

Gelikonov et al. [6] reported an interrelation between LF 
emission intensity fluctuations and voltage fluctuations in 
LDs. Varying the resistance in the power supply circuit of a 
laser, they showed that there was no conversion of pump cur-
rent fluctuations to intensity fluctuations. Marugin and 
Kharchev [7] studied the effect of pump current technical 
noise on the low-frequency (10 to 105 Hz) emission fluctua-
tion spectrum of an LD and concluded that the noise charac-
teristics of lasers in this frequency range were determined not 

by technical instability sources but by quantum effects associ-
ated with the dynamics of the laser.

The amplitude noise resulting from mode beating in a 
single-frequency injection laser was investigated by Bogatov 
et al. [8]. They concluded [9] that the power fluctuation level 
depended on mode switching in the LD. The 1/f noise compo-
nent was shown to be due to transitions from ‘quiet’ lasing to 
fast mode switching. This was accompanied by an increase in 
white noise, and the amplitude fluctuation distribution devi-
ated from the normal law.

This paper examines the low-frequency amplitude noise in 
a fibre Bragg grating (FBG) single-frequency laser diode 
intended for pumping and detection of the reference quantum 
transition of caesium atoms in quantum frequency standards 
[10 – 13].

2. Experimental

For laser fabrication, we grew an AlGaAs/GaAs heterostruc-
ture with a single, 9-nm-thick quantum well and 120-nm-thick 
waveguide layers. The heterostructure was used to produce a 
gain element with a stripe contact width of 2.5 – 3 mm and a 
cavity length of 600 mm. A protective optical coating was 
grown on one of the cavity faces, and an antireflection coat-
ing with a reflectivity no higher than 0.5 % was grown on the 
other. The laser diode was soldered, with its active region up, 
onto a contact plate. Next, a single-mode fibre with a Bragg 
grating was positioned and fixed. The diode and grating were 
mounted on two separate thermoelectric coolers (TECs), one 
of which was used to stabilise the temperature of the contact 
plate and laser diode, and the other stabilised the temperature 
of the grating. A two-lens, antireflection-coated (R < 0.5 %) 
micro-objective produced a quasi-parallel light beam.

Figure 1 shows a schematic of the experimental setup. 
Noise characteristics were measured using a selective micro-
voltmeter and photodetector (FD-24K photodiode). The 
load resistance of the photodiode was R2 = 1 kW. To reduce 
the noise level, a capacitor with C = 3400 mF was connected to 
the output terminals of the laser power supply through a 
switch (S). The emission noise intensity was measured by the 
selective microvoltmeter, and the constant voltage V0 (across 
the resistor with R2 = 1 kW), proportional to the output power 
of the FBG LD, was measured by a voltmeter. The power 
supply noise was measured by the selective microvoltmeter 
across a resistor with R1 = 15 W. The emission wavelength was 
determined using an optical spectrum analyser (not shown in 
Fig. 1).

Noise characteristics of the FBG LD at a varied pump 
current were obtained at constant frequencies of 0.167, 1 and 
60 kHz. The frequency 0.167 kHz was chosen in order to min-
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imise the influence of mains frequency (50 Hz) and its har-
monics. The selective microvoltmeter was calibrated using a 
sine-wave oscillator and its bandwidth at the 0.7 level, D f, was 
determined at the above frequencies.

An optical filter was used for the photodetector to operate 
in its linear range. The filter and photodiode were inclined at 
a certain angle to the LD beam to avoid back reflection of the 
beam into the LD.

The relative LD emission noise intensity was determined as

20
/

lgRIN
U

U fD
=

noise

0
e o,	 (1)

where Unoise is the noise voltage measured across the R2 = 
1  kW resistor of the photodiode by the selective microvoltme-
ter and U0 is the constant voltage measured across that resis-
tor by the voltmeter. The relative pump source noise intensity 
was also determined using Eqn (1), but Unoise and U0 were 
then the voltages measured across resistor R1 by the selective 
microvoltmeter and voltmeter, respectively.

We used a Pilot-4DC power supply unit [14], designed for 
pumping light-emitting and laser diodes. In this unit, special 
measures are taken to protect LDs from mains voltage surges 
and the voltage is applied to LDs only after the TECs have 
reached a steady state. The temperature was maintained with 
a stability of ± 0.1 °С or better.

3. Measurement results

Figure 2a shows the RIN values of the LD and pump source 
[curves ( 1 ), ( 2 )] obtained at a frequency f = 60 kHz with 
capacitor C switched off. Also shown is the voltage U0 (across 
the R2 = 1 kW resistor) as a function of pump current [curve 
( 3 )]. Figure 2b shows the spectral density of voltage fluctua-
tions, measured across resistor R2 [curve ( 4 )], which is pro-
portional to the spectral density of output power fluctuations, 
and the spectral density of pump source noise, measured 
across the R1 = 15 W resistor [curve ( 5 )]. It is seen that the LD 
noise exceeds the pump source noise by more than ten times 
[Fig. 2, curves ( 4 ), ( 5 )]. In Fig. 2, Unoise and U0 (measured 
across resistor R2) are multiplied by a correction coefficient 
that takes into account the attenuation caused by the optical 
filter.

Connecting capacitor C in parallel to the output terminals 
of the pump source (Fig. 1) considerably improved the noise 
characteristics of the LD (Fig. 3). Comparison of curves ( 1 ) 
in Figs 2 and 3 indicates that capacitor connection consider-
ably reduces the relative noise intensity. 
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Figure 1.  Schematic of the experimental setup for noise and wavelength 
measurements. In wavelength measurements, a spectrum analyser (not 
shown) was placed instead of the photodetector.
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Figure 2.  (a) ( 1 ) Relative LD voltage fluctuation intensity, ( 2 ) relative 
pump source noise intensity, ( 3 ) voltage U0 across the 1 kW resistor of 
the photodetector, (b) ( 4 ) spectral density of LD voltage fluctuations 
and ( 5 ) spectral density of pump source noise as functions of laser 
pump current at f = 60 kHz with capacitor C switched off.
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Figure 3.  (a) ( 1 ) Relative LD voltage fluctuation intensity, ( 2 ) voltage 
U0 across the 1 kW resistor of the photodetector and (b) ( 3 ) spectral 
density of LD voltage fluctuations as functions of laser pump current at 
f = 60 kHz with capacitor C switched on.
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In particular, at a pump current of 60 mA and f = 60 kHz, 
the relative noise intensity is –118 dB Hz–1/2 with no capacitor 
(Fig. 2) and –138 dB Hz–1/2 with the capacitor connected 
(Fig. 3).

Noise measurement results at frequencies f = 1 and 
0.167  kHz with the capacitor connected are presented in 
Figs 4 and 5. Comparison of curves ( 1 ) and ( 3 ) in Figs 3 – 5 
indicates that the noise level increases with decreasing fre-
quency. At pump currents in the range 80 – 95 mA, the noise 
rises steeply (compared to the range 30 – 70 mA) at mode 
switching points of the external cavity.

Figure 6 shows the emission wavelength [curve ( 1 )] and 
output power [curve ( 2 )] as functions of pump current for the 
FBG LD. Using an optical spectrum analyser, we identified 
mode switching at pump currents in the range 70 – 73 mA. 
Also possible is concurrent generation of two modes with 
approximately equal amplitudes when the pump current is 
varied.

Figure 7 shows the frequency dependences of RIN at 
pump currents of 40, 60 and 80 mA [derived from the data 
represented by curves ( 3 ) in Figs 3 – 5]. The data points are 
seen to fall close to a straight line.

4. Discussion and conclusions

There is theoretical and experimental evidence [13] that dis-
continuities in a light power – current (L – I ) characteristic 
correlate with those in a spectral characteristic (due to mode 
switching in both the external cavity and LD). The present 
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Figure 4.  Same as in Fig. 3 at a frequency of 1 kHz. 
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Figure 5.  Same as in Fig. 3 at a frequency of 0.167 kHz.
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Figure 6.  ( 1 ) Emission wavelength and ( 2 ) output power as functions 
of pump current for the LD.
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Figure 7.  Relative emission intensity fluctuations as a function of fre-
quency at pump currents of 40, 60 and 80 mA.
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results demonstrate that discontinuities in the L – I curve cor-
relate as well with noise characteristics [Fig. 2, curves ( 1 ), ( 4 ); 
Fig. 3, curves ( 1 ), ( 3 )]. The highest noise was observed at 
pump currents corresponding to LD mode switching at pump 
currents from 70 to 73 mA (Fig. 6).

The abnormally high noise level at pump currents in the 
range 70 to 73 mA is due to multimode lasing (two longitudi-
nal modes). At pump currents in the ranges 30 – 70 and 
73 – 95 mA, single-mode lasing was observed.

In spite of the discontinuities in the L – I characteristic and 
noise curves [Fig. 2, curves ( 1 ), ( 3 ), ( 4 )], the noise character-
istics of the pump source have no discontinuities [Fig. 2, 
curves ( 2 ), ( 5 )].

Comparison of curves ( 1 ) in Figs 2 and 3 demonstrates 
that the capacitor sharply reduces the LD noise. For example, 
at a pump current I = 60 mA, capacitor connection led to a 
drop in RIN by approximately 20 dB. In addition, the capac-
itor reduced the pump source noise [Fig. 2, curve ( 5 )] by more 
than one order of magnitude, to the level determined by the 
detection electronics. Thus, the LD noise decreases with 
decreasing pump source noise. In contrast to what was 
reported by Marugin and Kharchev [7], the present results 
demonstrate that the LD noise is determined not only by 
quantum effects related to the dynamics of the laser but also 
by technical instability sources.

It follows from analysis of curves ( 1 ) and ( 3 ) in Figs 3 – 5 
that the noise level increases with decreasing frequency f and 
increasing pump current. Moreover, the noise rises steeply at 
the mode switching points of the external cavity at pump cur-
rents in the range 80 – 95 mA when f decreases from 60 (Fig.  3) 
to 0.167 kHz (Fig. 5).

In the frequency range 0.167 – 60 kHz, the relative voltage 
fluctuation intensity, proportional to the spectral density of 
output power fluctuations, has the form of flicker noise 
(Fig. 7).
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