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INTRODUCTION

Laser systems based on diode lasers are widely used
in scientific study and applied problems. The radiation
of diode lasers is successfully employed in atomic and
molecular spectroscopy, metrology, interferometry, fre-
quency standards, atomic optics, etc. The wide spread
of such coherent sources is related to their compact-
ness, low power consumption, and reasonable price.
The characteristics of the existing commercial laser
systems with an external cavity in Littrow configura-
tion are as follows: laser line width, a few megahertz;
continuous tuning range, about 10 GHz; and output
power, up to 20 mW. In a few problems, an improve-
ment in the radiation characteristics of commercial
laser systems is required. One such characteristic is the
long-term stability of the laser frequency. In particular,
long-term stability is needed in experiments on atomic
optics, where a long-term cyclic interaction of atoms
with laser radiation should be realized [1]. The allowed
deviation of the radiation frequency over several hours
should lie within the natural width of the atomic transi-
tion (a few megahertz). Long-term stability of the laser
frequency is achieved using various methods of active
stabilization [2–7].

A system for the active stabilization of the laser fre-
quency consists of optical and electronic parts. In the
optical part, the laser radiation frequency is compared
to the reference (predetermined) frequency. The elec-
tronic part of the stabilization system generates an error
signal that is fed to the laser-frequency control unit. The
frequency correction is achieved with a rotation of the
diffraction grating in the laser cavity or a variation in
the injection current of the laser. If the error signal is
compensated for using the diffraction error in the laser
cavity, the short-term frequency stability is limited by
the cavity response and the presence of its mechanical
resonances. Therefore, the laser frequency stability
increases when the error signal is also fed to the unit
controlling the laser injection current [7].

Two known methods for frequency stabilization
employ resonance peak [2–5] and resonance slope [6,
7].

In this work, we develop and study a system for the
active frequency stabilization of a laser system with an
external cavity in the Littrow configuration [3]. The
optical part of the stabilization system is based on the
nonlinear absorption resonances in a cell with rubidium
vapor obtained by polarization spectroscopy methods.
The electronic part stabilizes the slopes of the nonlinear
absorption resonances. It is based on simple circuits
that can easily be reproduced in laboratories. To com-
pensate for the error signal, we use an intracavity dif-
fraction grating.

The measured short-term stability of the radiation
frequency is 1.5 MHz, and the long-term drift is less
than 1 MHz/h. These values are better than those of
other stabilization systems of this type. The high char-
acteristics of the frequency stability are due to the com-
pactness of the cavity of the laser system [9]. Small
sizes make it possible to diminish the frequencies of the
mechanical resonances, and a fast response allows the
frequency to be controlled using only the diffraction
grating.

EXPERIMENTAL SETUP

The active stabilization of the laser frequency
employs the slopes of the nonlinear absorption reso-
nances obtained with polarization spectroscopy. The
application of these methods enables us to enhance the
contrast of the nonlinear absorption resonances with
the circular dichroism induced by a strong laser beam
[8]. Figure 1 demonstrates the optical part of the system
for frequency stabilization. The laser radiation is split
into a strong laser beam and a probe laser beam. The
strong beam is transmitted by a quarter-wave plate,
acquires a circular polarization, and passes through a
cell with atomic vapor. The probe beam enters the cell
from the opposite side and is spatially matched with the
strong beam inside the cell. Then, the probe beam
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passes through the polarizer and strikes the photodiode,
whose signal is fed to the electrical part of the system
for frequency stabilization.

The power of the strong laser beam should be suffi-
ciently high for the saturation of the absorption at the
atomic transition chosen for the stabilization. In the
scheme proposed, the power should be less than 0.1
mW. The power of the probe beam should be a few
times less than the power of the strong beam.

Figure 2a shows the typical nonlinear absorption
resonances for the transition 5
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Rb atoms. These curves are obtained using the
scheme shown in Fig. 1 in the absence of the quarter-
wave plate and the polarizer. Figures 2b–2e demon-
strate the same nonlinear resonances measured with the
above polarization spectroscopy technique (in the pres-
ence of the quarter-wave plate and the polarizer). In all
of the plots, we clearly see the nonlinear resonance at
the frequency of the transition 
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 = 3  
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' = 4 (PL[3,
4]) of 
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Rb atoms and the cross resonances CO[3, 4, 3]
and CO[3, 4, 2]. It follows from the comparison of Fig.
2a with Figs. 2b–2e that the polarization spectroscopy
makes it possible to substantially increase the contrast
of PL[3, 4] resonances.

The system for frequency stabilization is studied in
a commercial system based on a diode laser with an
external cavity in the Littrow configuration with a radi-
ation wavelength of 780 nm, a power of 10 mW, and a
continuous frequency tuning range of 15 GHz [9]. To
diminish the effect of external factors on the laser fre-
quency, we place the laser at a thermally stabilized
(with an accuracy of 1

 

°

 

C) massive metal platform
mounted on an optical plate with a rubber pad. The
laser cavity and the metal platform are acoustically and

 

thermally isolated with a housing made of foam plastic
with a thickness of 2 cm.

The optical part of the stabilization system (Fig. 1)
consists of a cell containing vapor of a natural mixture
of rubidium isotopes, a quarter-wave plate to imbue cir-
cular polarization (elliptical polarization with an axial
ratio of 
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max

 

/
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 = 1 : 0.85), a film polarizer with a depo-
larization ratio of 1%, a photodiode, and aluminum
mirrors.

Figure 3 shows the electrical circuit for frequency
stabilization. It consists of the power supply (

 

1

 

), pream-
plifier of the photodiode signal (

 

2

 

), reference-voltage
supply (

 

3

 

), proportional-integral amplifier (

 

4

 

), and out-
put amplifier (

 

5

 

) summing the feedback signal and the
saw-tooth signal of the modulation unit (oscillator). All
amplifiers are implemented on one TL074 microchip
(quadruple operational amplifier). To achieve the
needed frequency stability, the reference voltage is gen-
erated with a source containing a precision tempera-
ture-compensated D818 stabilitron. To eliminate the
power supply’s noise in the microchip of the amplifier,
we place it in a metal housing.

EXPERIMENTAL RESULTS

To measure the frequency drift of the stabilized laser
with time, we use the PL[3, 4] nonlinear resonance in
Rb vapor. The laser frequency is tuned to the center of
the slope of the nonlinear resonance. In this case, the
variation in the absorption signal in Rb vapor depends
linearly on the variation in the laser frequency and indi-
cates a variation in the laser frequency. The method
proposed for frequency-stability measurements is con-
venient for laboratory study, since it does not require
additional devices to control the radiation spectrum.
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 Optical part of the system for the active frequency stabilization of a diode laser.
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Fig. 2.

 

 Nonlinear absorption resonances for 5
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 transitions of 

 

85

 

Rb atoms measured with (a) nonlinear sub-Doppler
spectroscopy and (b)–(e) polarization sub-Doppler spectroscopy. Panels (b) and (d) and panels (c) and (e) correspond to different
signs of the circular polarization of the strong laser beam.
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Fig. 3.

 

 Electrical part of the system for the active frequency stabilization of a laser: (

 

1

 

) output for monitoring the electrical error
signal of the stabilization system, (

 

2

 

) input for the saw-tooth signal of the oscillator that controls the laser-frequency scanning, (

 

3

 

)
switch of the time constant of the PI amplifier, (

 

4

 

) switch for choosing the slope of resonance, (
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) potentiometer for choosing the
frequency-stabilization point on the resonance slope, (

 

6

 

) potentiometer of the feedback level, (
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) input for the photodiode signal,
and (

 

8

 

) control output of the stabilization system.
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The intensity of the strong laser beam affects the
width of the nonlinear resonances. An increase in the
width of the nonlinear resonances leads to a broadening
of the range of the laser-frequency locking but also
results in a decrease in the feedback gain. The results of
the measurements show that the optimal width of the
nonlinear resonances is 20 MHz.

Figure 4 shows the experimental results for the
short-term stability of the laser frequency. In the
absence of active stabilization (upper panel in Fig. 4),
the high-frequency noise in the laser frequency has an
amplitude of 10 MHz and exhibits a periodic character
with a frequency of 50 Hz. In the presence of the active
stabilization (lower panel in Fig. 4), the periodic oscil-
lations of the frequency vanish and the noise amplitude
decreases to 1.5 MHz.

The results obtained for various laser systems avail-
able in the laboratory show that the noise in the fre-
quency can be decreased to a level lower than 3 MHz
provided that a part of the feedback error signal is fed
to the laser injection current. We do not employ this
approach. Nevertheless, the obtained short-term stabil-
ity appears two times better. In our opinion, the above
characteristics of the frequency stability in the laser
system under study result from the smallness of the lin-
ear sizes of the cavity. This cavity exhibits faster
response than the cavities of the conventional laser sys-
tems.

Figure 5 illustrates the measurements of the long-
term laser-frequency stability and shows the drift of the

laser frequency with time in the presence and in the
absence of the active system for frequency stabiliza-
tion. It is seen that, in the presence of the system for fre-
quency stabilization, the mean laser frequency varies
by 5 MHz during an observation time of 19 h (Fig. 5a).
In the absence of active frequency stabilization, the
laser frequency drifts away from the contour of the non-
linear resonance in 4 min (Fig. 5b).

The dependence presented in Fig. 5a is measured in
the presence of various perturbations acting upon the
laser system during measurements. To study the effect
of temperature, we blow hot air onto the laser system
over a relatively long time interval. Immediately after
that, we open up all windows to rapidly decrease the
room temperature. In this case, the temperature of
objects placed in the vicinity of the laser changes by
10

 

°

 

C. The bends seen on the curve in Fig. 5a corre-
spond to the activation and termination of the external
heating of the laser system. It is seen that the laser fre-
quency is virtually insensitive to such perturbations.
The final horizontal fragment of the curve in Fig. 5a
corresponds to the maximum laser-frequency stability
and is measured in the absence of the additional exter-
nal action upon the laser system. The narrow spikes in
Fig. 5a emerge due to acoustic perturbations.

We also studied the laser-frequency stability upon
active stabilization in the absence of the thermal stabi-
lization of the platform and in the absence of the pro-
tecting housing. In this case, the frequency stability is
substantially worsened. Small temperature and external
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Fig. 4.

 

 Plot of the laser frequency vs. time. Illustration of the short-term stability of the laser frequency (upper panel) in the presence
and (lower panel) in the absence of the active stabilization of the laser frequency.
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acoustic perturbations lead to jumps in the laser fre-
quency to the neighboring cavity modes.

CONCLUSIONS

A system for the frequency stabilization of a laser
system based on a diode laser is proposed and studied.
The measured short-term frequency stability is
1.5 MHz, and the long-term drift of the laser frequency
is less than 1 MHz/h.
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 Long-term stability of the laser frequency (

 

a

 

) in the presence and (

 

b

 

) in the absence of the active stabilization of the laser
frequency.
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