Laser Power Stabilization with a Cesium FADOF
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Summary—We achieve the stabilization of the laser power
using a cesium Faraday anomalous dispersion optical filter

(FADOF). We measured the transmission spectrum of the FADOF.

In the transition line of 6s*S12 F=4—6p*P3; for cesium at the
wavelength of 852 nm, when the laser frequency is constant, the
transmission of FADOF increases rapidly and then decreases as
the probe laser intensity increases. The negative correlation
between FADOF transmission and laser intensity can be used to
stabilize the laser power. Therefore, we tune the laser frequency
to the cesium 6s>S12 F=4—6p?P3, transition line, then the power

of the laser passing through the FADOF is expected to be stabilized.

This work can be applied to the precision measurement field, such
as atomic clocks, atomic gravimeters, atomic magnetometers, etc.

Keywords—power stabilization; FADOF

I. INTRODUCTION

Laser power need to be stabilized in practical applications,
such as atomic clocks [1], atomic gravimeters [2] and atomic
magnetometers [3,4].

The main reason for making the laser power unstable is the
driving current fluctuations and temperature fluctuations of the
laser diodes and mechanical vibration. There are already a lot
feedback methods to suppress these factors, which can be
divided into internal and external power stabilization methods.
The internal stabilization methods mainly control the current
and the temperature of the laser diode to stabilize the laser
power [5-7]. For external power stabilization, acousto-optic
modulation [8-10], electro-optic modulation [11-13], and the
liquid crystal phase method [14,15] are usually used to stabilize
the laser power. Although these methods are well established,
they have to use drivers and feedback circuits, which make the
structure complex and expensive.

Faraday anomalous dispersion optical filter (FADOF) was
first reported in 1956 [16], which has narrow bandwidth, high
transmission, and high noise rejection ratio. Therefore,
FADOFs are widely used in laser stabilization and optical
communication systems [17-20].

The key to stabilize laser power is to establish a feedback
mechanism to suppress the fluctuations in laser power. And a
FADOF has different transmission for lasers of different laser
intensities. In a certain laser intensity range, the higher the laser
intensity, the lower the transmission. Therefore, the FADOF
can be used to stabilize the laser intensity, which is simpler than
using a phase-locked loop to stabilize the laser power.

Here, we propose a method to stabilize the laser power
using a cesium FADOF. Near the atomic transition line of
6s%S12 F=4 — 6p”Ps;, the transmission of cesium FADOF

decreases with the increasing power of the incident laser over a
power range. We use the negative correlation between
transmission and probe laser intensity to stabilize the laser
power.

II. METHODS

As shown in Fig. 1, we use a grating laser as the local
oscillation laser. The laser is divided into two paths through the
polarization beam splitter (PBS), one into the photodetector and
the other into the FADOF for power stabilization. And the laser
frequency is tuned to the cesium 6s2S, F=4—6p°Ps, transition
line (see Fig. 2). FADOF consists of three parts, namely two
PBSs, a cesium vapor cell, and NdFeB magnets. The cesium
vapor cell in the FADOF, with a length of 3 cm and a diameter
of 1.5 cm, is filled with cesium and 10 torr Ar buffer gas. The
buffer gas can make the full width at half maximum (FWHM)
wider, which can broaden the frequency range of power
stabilization. The magnets surrounding the vapor cell can
provide an axial magnetic field of 900 G. The vapor cell is
surrounded by a heating wire for temperature control, and the
cell temperature is fixed at 62°C. To inhibit heat transfer, we
fix the vapor cell in Teflon box. The Teflon box is fixed in an
aluminum box and secured with screws. Two PBSs is fixed at
both ends of the box to select the laser. The polarization
directions of the two PBSs are perpendicular to each other. The
advantages of using aluminum for a housing are, first, the high
hardness of the metal compared to non-metals, and second, the
low density and light weight of aluminum compared to other
metals. The photograph of FADOF is shown in Fig. 3.
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Fig. 1. Schematic of the experimental setup. PBS: polarization beam
splitter, PD: photoelectric detector, HWP: half wave plate.
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Fig. 2 Cesium energy level diagram.

The laser passing through the first PBS of FADOF is
linearly polarized. The linearly polarized laser can be
decomposed into left and right circularly polarized laser. And
the energy level of the cesium atom splits because of the
Seeman effect, which makes the dispersive and absorption lines
of the left and right circularly polarized laser split, resulting in
the Faraday effect. Therefore, when the laser passes through the
cesium atomic vapor cell, the polarization direction is rotated.
The absorption and energy level splitting of the cesium atoms
differ when the frequency or intensity of the incident laser is
different, so the transmission differs after the laser passes
through the second PBS. The transmission spectrum is shown
in Fig. 4 when the incident laser power is 1.3 mW and the laser
intensity is 0.35 mW/mm?>,

Fig. 3 Photograph of the FADOF. The housing of the PBS is
made of aluminum. The PBS is fixed to the front and back of
the FADOF and is used to select the laser with a specific
polarization. The cesium vapor cell is wrapped with a heating
wire for temperature control and placed in a Teflon insulation
layer with a tight fit between them for better insulation. The
Teflon layer is placed in an aluminum housing and secured with
screws. The cesium vapor cell is made of glass, with a length
of 3 cm and a diameter of 1.5 cm, and is filled with 10 torr Ar
as buffer gas. The Teflon insulation layer has holes to place

magnets in it. The magnet provides a longitudinal magnetic
field of 900 G, which is used to bring about the Zeeman effect.
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Fig. 4 The transmission spectrum (solid red line) and the
corresponding saturation absorption spectroscopy (SAS, solid
blue line). 0 GHz of the horizontal ordinate is corresponding to
6SZS1/2 F=4—’6p2P3/2 F’=5.

As shown in Fig. 5, the influence of the power of the
incident laser on the FADOF transmission is measured by
varying the laser power using an optical attenuator when the
frequency of the grating laser is aligned to the top of the
transmission peak at the transition line of 6s2S1, F=4—6p*Ps3p.
There is a negative correlation between FADOF transmittance
and incident laser power, which can be used to stabilize the
laser power. When the optical power is greater than 0.7 mW,
the transmission of FADOF decreases continuously with the
increase of laser power. When the optical power is between 0.7
mW and 3 mW, the transmission and laser power are
approximately linear. When the optical power is greater than 3
mW, the transmission decreases more and more slowly as the
laser power increases. We fixed the laser intensity at 0.54
mW/mm? to lock the laser power (The laser power is 2 mW,
and the spot size of laser is 3.68 mm?). Because when the laser
power fluctuates to less than 2 mW, that is, the laser intensity
is less than 0.54 mW/mm?, the transmission of FADOF
decreases; when the laser power fluctuates to more than 2 mW,
the transmission of FADOF increases. When the slope of the
curve is suitable, the power of the laser can be well stabilized.
Because the transmission at the transition line of 6s2S, F=4—
6p2Ps2 only changes significantly at small laser intensities, the
laser spot should be expanded before entering the FADOF and
scaled down before entering the detector if the laser power is
large.

The PZT was adjusted to align the frequency of the grating
laser to the 6s%Si, F=4—>6p2P3, transition line for power
stabilization. We convert the voltage detected by the detector to
laser intensity and then calculate the stabilization of the laser
power before and after stabilization. The result will show in the
full text.
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Fig. 5 The influence of the incident laser power on the FADOF
transmission when the frequency of the grating laser is aligned
to the top of the transmission peak of the transition line 6sSy/
F=4—6p°P3,. We fix the laser power at 2 mW, shown with the
red circle. The spot size of laser is 3.68 mm?2.

III. DISCUSSION

To stabilize the laser power using the FADOF, only a
FADOF and a temperature-control circuit are required. This is
much simpler than other methods in terms of structure and usage,
which can also achieve good power stability. Moreover, the cost
of this method is very low. This method can be extended to other
frequency bands, using FADOF based on other atoms.

Although Fig. 2 only shows the transmission curve at the
peak of the transition line 6s2Si;, F=4 — 6p*Psp, it is
experimentally demonstrated that the relationship between
FADOF transmission and laser power at frequencies near the
transition line is similar to that in Fig. 2. Therefore, the power of
lasers with frequencies near the transition lines can be well
stabilized. At present the long-term power stability achieves
good results, and the short one needs further improvement. We
need to further explore better FADOF parameters to improve the
power stability.

IV. CONCLUSIONS

The laser power stabilization is realized with a cesium
FADOF. We study the influence of laser intensity on the
FADOF transmission, and then fix the laser intensity at optimal
value. The negative correlation between FADOF transmission
and laser intensity is used to improve the laser power stability.
This method can stabilize the laser power without a feedback
loop, which can reduce the complexity, cost, and size of the
system. In the future, we will try to stabilize the laser power with
FADOF working at other wavelengths.
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