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We present results of investigation and comparison of spectral properties of molecular iodine transitions in the spectral region of
514.7 nm that are suitable for laser frequency stabilization and metrology of length. Eight Doppler-broadened transitions that
were not studied in detail before were investigated with the help of frequency doubled Yb-doped fiber laser, and three of the most
promising lines were studied in detail with prospect of using them in frequency stabilization of new laser standards. The spectral
properties of hyperfine components (linewidths, signal-to-noise ratio) were compared with transitions that are well known and
traditionally used for stabilization of frequency doubled Nd:YAG laser at the 532 nm region with the same molecular iodine
absorption. The external frequency doubling arrangement with waveguide crystal and the Yb-doped fiber laser is also briefly
described together with the observed effect of laser aging.
Keywords: Laser spectroscopy, metrology, molecular iodine, absorption cells, frequency doubling, interferometry.

1. INTRODUCTION
is one of the most common
absorption media in laser spectroscopy and laser
stabilization in the visible part of the optical frequency
spectrum. It covers a spectral range from the green to near
IR band and has a lot of very strong and narrow
components, especially in the region close to the
dissociation limit [1-4]. Molecular iodine is commonly used
for frequency stabilization of lasers and it is also
recommended by CIPM committee as an absorption medium
for frequency stabilization of laser standards of length for
different wavelengths [5]. Solid-state, frequency doubled
Nd:YAG lasers stabilized by subdoppler saturation
spectroscopy to hyperfine transitions in molecular iodine are
used in metrological laboratories as stabilized lasers and
represent the most stable optical references for
interferometry and other applications in fundamental
metrology. These lasers stabilized by saturation
spectroscopy can achieve long-term frequency stability
better than 1*10-14 for an integration time of 100 s, which
means a more than two orders better result in comparison to
traditionally used He-Ne-I2 stabilized standards [6-16]. The
short-term frequency noise of these lasers is also lower [1720]. Further improvement in the short-term stability can be
reached by means of prestabilization to a high-finesse
passive optical cavity or by fiber based interferometer [21,
22]. Applications such as fundamental standards of length,
optical frequency referencing of optical frequency combs,
interferometry and also space applications dominate the
field. Further, linear spectroscopy of molecular iodine is
also an often used technique especially in case of
interferometry applied at atmospheric conditions, where the
influence of refractive index of air plays a dominant role
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[23-27]. Using this technique in combination with slow
thermal tuning of the laser, the achievable frequency
stability of frequency doubled Nd:YAG lasers is in the range
of 10-9 for 100 s integration time which is often two orders
better than refractive index caused noise [28-30]. However,
excellent optical frequency stability achieved by these lasers
stabilized to molecular iodine vapor by high resolution
spectroscopy can be further improved. One of the possible
approaches is to use modern fiber lasers that operate at
wavelength closer to the dissociation limit of the molecular
iodine, where narrower and even stronger absorption lines
can be observed and used for laser stabilization [1-3, 31,
32]. Our goal was to investigate spectral properties of
molecular iodine in the region of 514.7 nm with the help of
frequency doubled Yb-doped DFB fiber laser and with a
special interest to hyperfine components suitable for laser
spectroscopy and laser standards stabilization purposes.
These measurements follow the experiments done by J.-P.
Wallerand et al., 6 years ago, with the same fiber laser
which was handed over to the group of O. Acef several
years ago. This laser was later equipped with a new
arrangement for frequency doubling [32-34]. Laser aging
produced a frequency shift of the laser optical frequency
during this period. This effect resulted in an opportunity to
scan another part of the iodine spectrum and to search for
new interesting absorption lines. The spectroscopic
measurement results were finally compared with those made
at a 532 nm wavelength with the help of the same setup
(including electronics) and the same absorption cells but
with different frequency doubled Nd:YAG laser [1, 2, 5].
Special attention was devoted to the analysis of linewidths
of the investigated hyperfine components at different
environmental conditions.
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2. EXPERIMENTAL SETUP
A. Laser head and Frequency doubling system.
The measurement at 514.7 nm wavelenght was performed
with the help of frequency doubled Yb-doped DFB laser
head with an external waveguide doubling crystal system.
The laser itself delivers 12 mW near 1029 nm amplified up
to 500 mW with a linewidth below 10 kHz level. The
frequency tuning of the laser can be done through
temperature control of the Bragg grating (BG) or by tuning
of the ceramic piezoelectric actuator (PZT) which stresses
the BG. The tuning range of the laser at IR is about 0.7 nm.
The second harmonic generation (SHG) is done by a
MgO:PPLN waveguide crystal for CW doubling at 1029 nm
wavelegnth in single pass configuration. The crystal was
produced by the ion-exchange technique 2 µm below the
surface of the crystal and was designed to SHG with a
quasi-phase matching (QPM) temperature around 50°C. The
input and output facets of the waveguide were AR coated at
both 1030 nm and 515 nm. The numerical aperture (N.A.) of
the waveguide was 0.16. We obtained an optical conversion
efficiency of 17 % with the possibility to achieve a power of
33 mW of green from 197 mW of incident IR power, with a
power coupling in the waveguide of 45 % [34, 35].
B. Molecular iodine absorption cells.
The experimental setup (described in the next section) uses
two molecular iodine absorption cells prepared at the
Institute of Scientific Instruments (ISI). These cells are
made out of fused silica; they are both 500 mm long with
optical windows of 32 mm in diameter (25 mm of useful

aperture). The windows are equipped with AR coatings for
500-540 nm wavelength region and both absorption cells
have a cold finger in the central part for control of the iodine
vapor pressure. Thanks to the long history of absorption cell
preparation technology at the ISI, we had measured the
molecular iodine purity in these cells by the method of
induced fluorescence and we had also measured the absolute
frequency shifts several years ago [13, 16, 36]. Both cells
show excellent molecular iodine purity and absolute
frequency shifts of iodine stabilized Nd:YAG laser below
the 1 kHz level. These results should ensure good
preconditions for a hyperfine component linewidth
measurement.
C. Experimental setup schematic.
The experiment was based on commonly used saturated
absorption spectroscopy in molecular iodine and detection
of the third derivative [37]. It can be divided into two parts.
The first part is used for the laser frequency stabilization and
the second part for the molecular iodine spectra scanning
and recording. Schematic of the experimental setup is in
Fig.1.
The first part of the arrangement with the Cell1 uses the
third harmonic inline spectroscopy detection technique for
the frequency stabilization of the laser to a selected
molecular iodine hyperfine component [7, 10-12, 15]. This
laser is equipped with a PZT for the tuning of the cavity
length, which is used for modulation of its optical
frequency. Sensitivity of the PZT tuning was 12.53 MHz/V
(DFB laser) and 2.1 MHz/V (Nd:YAG laser), respectively.

Fig.1. Experimental setup for the molecular iodine spectra measurement. Laser – Yb-doped frequency doubled DFB laser (λ=514 nm) or
frequency doubled Nd:YAG laser (λ=532 nm), M1-M3 - full reflective dielectric mirrors, M4 – full reflective concave mirror (f=410 mm),
PBS1-PBS3 – polarizing beam splitters, D1-D3 – photodetectors, F.I. – Faraday Isolator, L1-L2, Telescope – collimating optics, Cell1 –
iodine absorption cell for the laser stabilization, Cell2 – iodine absorption cell for iodine spectra observation/scanning, AOM – acoustooptic modulator/ frequency shifter, RF Gen – signal generator, RF Amp – radio frequency amplifier.

The output beam from the laser is divided into two by
polarizing beam splitter PBS1, first half of the optical power
is used for saturation spectroscopy in molecular iodine in
Cell1 and the signal for stabilization is detected by
photodetector D1. Second part of the optical power from the
laser beam comes out from PBS1 to Faraday Isolator F.I.
before being collimated into the telescope to pass the AOM

modulator/frequency shifter. The AOM is fed by a RF
synthesizer followed by an amplifier to allow the precise
control of the frequency shift of the optical frequency of the
laser beam. The first-order diffracted beam passes through a
λ/4 waveplate and is reflected back by the concave mirror
M4 to PBS2 to achieve a double pass through the AOM
resulting in a double frequency shift. A small portion of the
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frequency shifted beam is used to monitor the laser power
and AOM diffraction efficiency (D2). The rest is used to
investigate the iodine profiles in Cell2 by saturation
spectroscopy (D3). Scanning of the iodine spectra is done by
frequency control of the AOM with the help of the PC
controlled RF generator. Scanning of the hyperfine spectra
of each Doppler broadened line is performed when the laser
is locked to a selected iodine hyperfine transition with the
help of the stabilization part of the experimental setup
(Cell1) and recording of the iodine spectrum is done in the
measuring cell (Cell2) over the whole tuning range of the
AOM. The selection of this “stabilization transition” follows
the need for scanning the part of the spectrum together with
the available frequency shift of the AOM. Scanning over
other hyperfine components needs relocking of the laser to
another reference component. Measurement can be then
repeated. A spectral recording over a larger spectral range is
assembled from several frequency windows. We used two
different freespace AOM frequency shifters, the first one
with a tuning range of 200 ± 50 MHz and the second one
with a tuning range of 110 ± 25 MHz. We were able to scan
and record all observed lines and their hyperfine
components with these two AOM shifters using +1 and -1
AOM diffraction orders (corresponding in double pass
configuration to frequency shifts of 400 ± 100 MHz and
220 ± 50 MHz, respectively).

of the Doppler broadened profile seems to be the best and
optimum choice for further metrological and laser frequency
stabilization purposes. Influence of absorption media
pressure, modulation width level and saturation intensity
were investigated simultaneously together with the
hyperfine component profile. We used a laser beam,
diameter 1.5 mm, in both cases (514.7 and 532 nm
wavelengths). The resulting measured linewidths under
different experimental conditions were summarized in
Table 1., Table 2. and Table 3., Fig.2., Fig.3. and Fig.4.
together with the measurement of the well-known a10
component of the R56(32-0) absorption transition at 532 nm
wavelength [5, 15, 16]. A sample record of one hyperfine
component shows the signal-to-noise ratio achieved at
514.7 nm wavelength (Fig.5.). The errorbars in Fig.2.-Fig.4.
express an overall estimated uncertainty (~15 kHz) caused
mainly by the limited accuracy of the PZTs sensitivity
calibration measurement (accuracy of modulation width
evaluation) and AOM scanning resolution of the hyperfine
spectra (10 kHz steps). The measurements were intended to
be comparative, so a great care was taken to assure the same
levels of all conditions and parameters (including using of
the same optical setup/control and acquisition electronics).
Identical levels of the intensity and diameter of the
saturating beam at both wavelengths was achieved by using
the same optical collimating optics and beam parameter
measurement tools together with precise control of the beam
power at the same time.

3. HYPERFINE COMPONENTS SPECTRA
At first the Doppler broadened molecular iodine spectrum
at 514.7 nm wavelength was recorded over the temperature
tuning range of the thermal shielded fiber laser. It was found
that the laser aging effect had been probably caused by a
slow, long-term creep of the dimensions of the laser/FBG
which introduced a noticeable frequency shift of the output
radiation at the level of ~0.17 nm/6 years (~28 pm/1 year).
Thus, we were not able to reach the same absorption lines
that were recorded 6 years ago with the same laser at the
group of J.-P. Wallerand [32]. On the other hand this effect
gave us a chance to investigate a new part of the iodine
spectra and to find new perspective hyperfine components
for laser frequency stabilization. We scanned 8 strong
Doppler-broadened transitions within the available tuning
range of the laser and we chose the three most promising
ones – P46(44-0), P64(45-0) and R66(45-0) that seemed to
have the best symmetrical profiles compared to the others
within our frequency range. The spectral profiles of the
hyperfine components from these lines were scanned. The
most promising hyperfine component of each Doppler
broadened line was studied in detail under different
operating conditions to have an opportunity of comparison
with molecular iodine spectral properties around the
commonly used 532 nm wavelength.
The selection of the promising components was done with
respect to their profile – its symmetry and linewidth. The a10
hyperfine component of the P46(44-0) absorption line was
studied with a special care under different experimental
conditions. This hyperfine component seems to perform the
most promising shape and linewidth. An absence of other
components in its neighborhood and its position at the center

Table 1. Measurement of peak-to-peak widths (3f) of hyperfine
components a10 P46(44-0) at 514.7 nm and a10 R56(32-0) at
532 nm wavelength - dependency on the modulation width
(Isat=2.3 mW/cm2, T=-19.5°C (p=0.49 Pa)).

∆fmod [MHz]
1.2
1.0
0.8
0.6
0.4

λ=514.7 nm
a10 P46(44-0)
∆ν [kHz]
600
530
410
290
280

λ=532 nm
a10 R56(32-0)
∆ν [kHz]
610
500
440
370
330

Fig.2. Measurement of peak-to-peak widths (3f) of hyperfine
components a10 P46(44-0) at 514.7 nm and a10 R56(32-0) at
532 nm wavelength - dependency on the modulation width
(Isat=2.3 mW/cm2, T=-19.5°C (p=0.49 Pa)).
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The results of linewidth measurements of other promising
hyperfine components of the P46(44-0), P64(45-0) and
R66(45-0) lines at the limiting conditions are summarized in
Table 4. It should be noted that the variation of linewidth
between hyperfine components of the same rovibronic
transition is due to predissociative effects. The natural width
of hyperfine components is determined by the lifetime of
hyperfine sublevels in the excited

3

Table 3. Measurement of peak-to-peak widths (3f) of hyperfine
components a10 P46(44-0) at 514.7 nm and a10 R56(32-0) at
532 nm wavelength - dependency on the iodine pressure
(Isat=2.3 mW/cm2, ∆fmod=0.4 MHz).

T [°C]
-19.5
-15.0
-10.0
-5.0

Π 0+ u state which

results, in addition to the radiative decay rate, in a
predissociative decay rate due to the coupling with the
1

Π 1u dissociative state. In the absence of any magnetic

p [Pa]
0.49
0.83
1.45
2.48

λ=514.7 nm
a10 P46(44-0)
∆ν [kHz]
280
310
330
370

λ=532 nm
a10 R56(32-0)
∆ν [kHz]
330
350
370
380

field, this predissociative width is the sum of three terms
corresponding to the gyroscopic predissociation, the
hyperfine predissociation and the interference effect
between both mechanisms [38-40]. As a result, the natural
width of hyperfine components belonging to the same
rovibronic transition can be significantly different from one
component to another. This effect is particularly pronounced
for low values of J for which the predissociative term is
predominant [41].

Table 2. Measurement of peak-to-peak widths (3f) of hyperfine
components a10 P46(44-0) at 514.7 nm and a10 R56(32-0) at
532 nm wavelength - dependency on the saturation intensity
(∆fmod=0.4 MHz, T=-19.5°C (p=0.49 Pa)).

P [µW]
40
61
81
107
150
250
400

Isat
[mW/cm2]
2.3
3.4
4.6
6.1
8.5
14
23

λ=514.7 nm
a10 P46(44-0)
∆ν [kHz]

λ=532 nm
a10 R56(32-0)
∆ν [kHz]

280
280
290
300
300
315
320

330
330
340
340
370
380
380

Fig.4. Measurement of peak-to-peak widths (3f) of hyperfine
components a10 P46(44-0) at 514.7 nm and a10 R56(32-0) at
532 nm wavelength - dependency on the iodine pressure
(Isat=2.3 mW/cm2, ∆fmod=0.4 MHz).

Fig.5. An example of achievable signal-to-noise ratio of 3f signal
of hyperfine component a10 P46(44-0) at 514.7 nm (p=0.83 Pa,
Isat=8.5 mW/cm2, ∆fmod=0.4 MHz).
Table 4. Measurement of the peak-to-peak widths (3f) of other
promising hyperfine components of the P46(44-0), P64(45-0) and
R66(45-0) absorption lines (Isat=2.3 mW/cm2, ∆fmod=0.4 MHz,
T=-19.5°C (p=0.49 Pa)).

Fig.3. Measurement of peak-to-peak widths (3f) of hyperfine
components a10 P46(44-0) at 514.7 nm and a10 R56(32-0) at
532 nm wavelength - dependency on the saturation intensity
(∆fmod=0.4 MHz, T=-19.5°C (p=0.49 Pa)).
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Line
P46(44-0)
P46(44-0)
P64(45-0)
P64(45-0)
R66(45-0)
R66(45-0)

Component
a10
a6
a10
a15
a10
a15

∆ν [kHz]
280
310
290
300
330
350
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[4]

4. DISCUSSION / CONCLUSIONS
We tried to use exactly the same conditions during the
measurement at 514.7 and 532 nm wavelengths,
respectively. The key result of this set of measurements is
that the measured linewidths in 514.7 nm region are slightly
narrower compared to the commonly used 532 nm
wavelength. The narrowest linewidth (peak-to-peak width of
third derivative) was measured for the a10 component of
P46(44-0) line. The linewidth was 280 kHz (modulation
width ∆fmod=400 kHz, absorption medium pressure
p=0.49 Pa (T=-19.5°C) and saturation intensity level
Isat=2.3 mW/cm2). The results of the measured linewidths of
components from other neighboring lines were similar, close
to the 300 kHz level. This confirms our expectation and
means that this spectral region is of first interest for laser
stabilization based on saturated absorption spectroscopy of
molecular iodine with the opportunity to achieve better
frequency stability. The very narrow transitions reflect also
the excellent purity of the absorption media in the used
iodine cells. In addition, the scanning technique used in this
work has the potential to be a new method for detecting
molecular iodine purity detection beside induced
fluorescence and comparisons of frequency stabilized lasers
on iodine. From Table 1., Table 2. and Table 3. above, it is
evident that the main influence to the linewidth of the
hyperfine profile has the level of modulation width of the
modulation signal – its contribution to overall linewidth
dominates above the 0.6 MHz levels. Intensity saturation
starts to play a role at the level of about 7 mW/cm2.
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