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Investigation and developing of a temperature controller of iodine and rubidium

tubes for laser stabilization by using thermoelectric module
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Research Title: Investigation and developing of a temperature controller of iodine and rubidium

tubes for laser stabilization by using thermoelectric module

ABSTRACT

In this research, the temperature characteristics of a 10 cm long iodine cell used in diode-pumped
Nd:YAG laser system has been investigated. Here, the laser system were frequency stabilized by locking
their frequency-doubled output at 563 THz. The absolute frequency measurement of the al0 hyperfine
components of molecular iodine R(56) 32-0 line with effect to various temperatures is reported. With the
iodine cell temperature control, the output frequency is tuned in the range of standard frequency at

563.2602235 THz with about 10” of stability.

Keywords: Laser stabilized, iodine cell, Nd:YAG lasers, frequency metrology
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The investigation of iodine cell temperature control in frequency
stabilized Nd:YAG laser system

P. Potirak®, M. Ranusawud®, P. Limsuwan®, P. Buranasiri**

*Physics department, Faculty of Science, King Mongkut's Institute of Technology Ladkrabang,
Bangkok 10520, Thailand;

®National Institute of Metrology (Thailand), Klong Luang, Pathumtani 12120, Thailand;
‘Physics department, Faculty of Science, King Mongkut's University of Technology Thonburi,
Bangkok 10140, Thailand

ABSTRACT

In this research, the temperature characteristics of a 10 cm long iodine cell used in diode-pumped Nd:YAG laser system
has been investigated. Here, the laser system were frequency stabilized by locking their frequency-doubled output at 563
THz. The absolute frequency measurement of the a,o hyperfine components of molecular jodine R(56) 32-0 line with
effect to various temperatures is reported. With the iodine cell temperature control, the output frequency is tuned in the
range of standard frequency at 563.2602235 THz with about 10® of stability.

Keywords: Laser stabilized, iodine cell, Nd:YAG lasers, frequency metrology

1. INTRODUCTION

Due to the important of optical frequency standards in many applications i.e. metrology, optical communication, and
fundamental physics, the improvement of the optical standards have been of great interested to the research communities.
With a number of advantage properties such as flexibility various power levels, low-frequency noise, and high reliability,
iodine-stabilized diode-pumped, frequency-doubled 1064 nm Nd:YAG lasers at 532 nm are widely attractive'?. In
addition, due to some of iodine molecule absorption spectrum transition lines closed to 532 nm, the system have been
applied in many experiment, i.e. an absolute frequency marker in an optical frequency comb?, an interferometer for
gauge block measurement®’, a detector for gravitational wave® , a measurement apparatus of stain due to the earth tides
and earthquakes’. With the reason above, not only some features of molecular iodine, including hyperfine structures, the
absolute optical frequency, several absorption line intervals, but optical frequency.standards of the system have been
studied as well*®. Optical frequency combs have been applied for simplified absolute frequency measurement in
different systems>'®. In this work, the absolute-frequency measurement of the a;; hyperfine components of molecular
iodine R(56) 32-0 line of a 10 cm long iodine cell with effect to various temperatures were investigated. The Allan
standard deviation at different temperatures was calculated by using the optical comb system for accurate frequency
different data.

2. EXPERIMENTAL SETUP

The schematic of the experimental setup for absolute frequency measurement of iodine cells is shown in F igure 1. The
laser system is a commercial model Innolight Prometheus 50 NE composed of a diode-pumped solid state laser at 1064
nm, and a PPKTP crystal for SHG. The 532 nm (563 THz) with 25 mW propagated through a half wave plate and a
-polarizing beam splitter divided to two beams, probe beam and pump beam. The half-wave plate was adjusted to
maximize the pump beam power going into the iodine cell and the orthogonally polarized probe beam power impinging
on the photo detector. The beat signal mixing by local oscillator after an suitable phase delay, then the signal of this line
was at dc. The probe beam was reflected at a mirror (M1) and then passed to an electro-optic modulator (EOM) for phase
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modulation at 5.2 MHz and the pump beam was steered to an acousto-optic modulator for frequency shift to 80 MHz.
The pump/probe intensity ratio is 2/1, and the beam diameter inside the cell is about 2 mm. In the iodine cell of 10 cm
length, probe beam and pump beam were counter-propagated and overlapped each other generate a beat signal at the
modulation frequency in the border of a Doppler-free absorption line as shown in Figure 2. Using an lock-in amplifier,
the signal-to-noise ratio was improved with the selected pump beam from the acousto-optic modulator. The lock-in
amplifier output was fed back into the PZT frequency actuator of the laser through a servo control with a unity gain point
near 100 Hz, then locked the laser frequency from the iodine cell which was measured by a wavelength meter. The
system of iodine cell is temperature controlled at -1, 1, 3, 5, 10 degree Celsius and room temperature by using Peltier
electronic control. Under room temperature background, the iodine cell at varied temperatures was measured absolute
frequency of the a;o hyperfine components of molecular iodine R(56) 32-0 line.

A
Y2 pBS1 e

[T ]
E R e~ [

i i
A

Mixer lodine cell

M2

PD PBS2

~
o

Figure 1. Schematic diagram of the experimental configuration PBS: Polarization beam splitter, PD: Photo-detector,
AOM: Acousto-optic modulator, EOM: Electro-optic modulator, TEC: Temperature electric control , A/2: Half-wave
plate, M: Mirror, LO: local oscillator.

Figure 2. Shown absorption saturation of the iodine cell: wavelength at 532.245036 nm
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3. EXPERIMENTAL RESULTS AND DISCUSSION

The experimental measurement results of wavelength fluctuation with time during one hour period at three different
controlled temperatures, room temperature. 3 °C and -1 °C is shown in Figure 3. With the servo controller, the
fluctuation of wavelength at room temperature is shifted in between 532.245000 nm to 532.245035 nm as shown in the
Figure 3 (a) due to the low pressure in the iodine cell. The fluctuation of wavelength shift has been decreasing when the
temperature of the iodine cell has been decreasing to 0 °C (the pressure of the iodine cell has been increasing) as shown
in the Figure 3 (b) and (c) at 3 °C and -1 °C respectively. At 3 °C the fluctuation of the wavelength shift is average at
532.2450284 nm with maximum at 532.2450330 nm and minimum at 532.2450230 nm. and at -1 °C its average is
532.2450421 with maximum ate 532.2450470 nm and minimum at 542.2450390 nm. From these results, the wavelength
is more stability when the pressure of the iodine cell was increased.
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Figure 3. Wavelength fluctuations measured by wavelength meter of iodine 10 cm length at different controlled
temperatures (a) 22 °C, (b) 3 °C, and (c¢) -1 °C

Then the laser frequency comb generator (LFCG) was used to optical beat frequency with our system and then the Allan
standard deviation was plotted as shown in Figure 4. From the Figure 4 (a), the frequency at room temperature is less
stability due to the low pressure in the iodine cell. The frequency stabilized is increased when the iodine cell temperature
is decreased. The Allan standard deviations of vary temperatures, 22°C, 10 °C, 5 °C, 3 °C, 1°C, and -1 °C in the period of
600 sec are 2.23711x10°, 1.8528x10°%, 1.7351x10%, 2.77229x10, 4.89391x10%, and 2.33385x10° respectively as
shown in Figure 4 (b). At the temperatures equal to 3 °C and -1 °C, the stabilizations of frequency are high when
compared with those of other temperatures. From this result, the temperature at 3 °C is suitable for the iodine cell 10 cm
length for optical metrology and other optical applications.
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4. CONCLUSION

In this work, the setup of a stabilized frequency-doubled Nd:YAG laser at 563 MHz using a 10 cm long of iodine cell
was studied. By varying the temperature of an iodine cell at -1, 1, 3, 5, 10 degree Celsius and room temperature by
using Peltier electronic control, the absolute frequencies of the a,, hyperfine components of molecular jodine R(56) 32-
0 line were measured. Using laser frequency comb, the Allan standard deviation of wavelength were founded lowest
about 2.0x10” at 3 and -1 degree Celsius.
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