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An optical frequency comb phase-locked on an iodine frequency stabilized diode laser at 634 nm is con-
structed to transfer the accuracy and stability from the optical domain to the radio frequency domain. An
external-cavity diode laser is frequency-stabilized on the Doppler-free absorption signals of the hyperfine
transition R(80)8-4 using the third-harmonic detection technique. The instability of the ultra-stable op-
tical oscillator is determined to be 7 × 10−12 by a cesium atomic clock via the optical frequency comb’s
mass frequency dividing technique.
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Optical frequency comb (OFC) has been proved to be an
important instrument in the field of measurement and
metrology. On one hand, OFC greatly simplifies the pro-
cedure of absolute optical frequency measurements[1−3],
which is exceptionally critical for the development of new
optical atomic clocks[4] and the tests of basic quantum
theory[5−8]. On the other hand, the practical realization
of the definition of meter also benefits a lot from the re-
cently comparisons between the iodine-stabilized He-Ne
lasers and the current primary microwave cesium atomic
clocks via OFC[9−11]. However, the He-Ne lasers cannot
provide sufficient optical power (less than 100 µW) and
wide enough tuning range (less than 1 GHz), which se-
riously restrains their applications. The external-cavity
diode laser (ECDL) holds the virtues of wider tuning
range and larger optical power, which can thus substi-
tute the He-Ne laser in the iodine-stabilized frequency
standards[12].

The frequency of the mth comb tooth (fm) of the OFC
is determined as fm = mfr + f0, where m is the comb
index with an order of 105, fr is the mode spacing or the
so-called repetition rate, and f0 is the frequency shift of
all the comb modes. fr and f0 are in the microwave re-
gion, and fm is in the optical frequency region. Because
of this mass-frequency-multiplying (m times) property
of OFC, the absolute optical frequency measurements of
the atom/molecule transitions could take great advan-
tages, making the frequency comparisons between the
primary microwave atomic clock and the atom/molecule
stabilized lasers much easier than before[13]. In the mean
time, the OFC, which is phase-locked on the laser with
ultra-stable frequency, can transfer the precision and
stability of the optical transition to the microwave re-
gion or the other optical wavelengths. The precision
spectroscopy[14] and optical atomic clockwork[15] would
benefit much from this mass-dividing technique.

In this letter, we stabilize the ECDL on the Doppler-
free absorption signals of the hyperfine transition R(80)8-
4 using the third-harmonic detection technique. The
wavelength of the stabilized laser is 634 nm, which is

hundreds of gigahertzs from the widely used iodine-
stabilized He-Ne laser at 633 nm. An OFC stabilized on
the ECDL divides the optical frequency of the order 105

to a few megahertzs to be measured by the microwave
cesium atomic clock. The instability of the microwave
output signal from the OFC is measured to be 7× 10−12

at 300-s integration time, which fits well with our previ-
ous result by comparing two identical ECDLs[16]. This is,
as far as we know, the first time to stabilize OFC on this
transition and to down-convert this optical frequency to
the microwave region.

The experimental system is shown in Fig. 1. The I2
stabilized diode laser consists of an ECDL, an I2 gas ref-
erence cell, and some necessary optics. The ECDL (New
Focus 6304) of Littman configuration is used as the opti-
cal oscillator. The output power is 3 mW and the tuning
range is 5 nm with a mode-hopping-free range of 70
GHz. After a 55-dB optical isolator, about 2 mW of the

Fig. 1. Iodine-stabilized diode laser. PBS: polarization beam
splitter; TCXO: temperature compensated crystal oscillator;
LNA: low noise amplifier; PI: proportion and integration; 1f :
modulation frequency; 3f : the third harmonic of modulation
frequency; Sig: signal from photodiode; Ref: reference signal
from TCXO; λ/2: half-wave plate; λ/4: quarter-wave plate.
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Fig. 2. Optical scheme for the OFC stabilized on the ECDL. AOM: acousto-optic modulator; n: the number index of the comb
component used to acquire f0; PLL: phase-locked loop.

continuous-wave (CW) laser enters the iodine gas cell for
the absorption spectroscopy via the third-harmonic de-
tection technique. The length of cell is 40 cm and its
cold finger is temperature-controlled to 15.00± 0.05 ◦C.
The error signal from the spectroscopy is then fed back
to the piezoelectric transducer (PZT) on the back of the
grating in the ECDL. According to our previous work[13],
the instability of the stabilized ECDL is about 10−11 at
1-s integration time. Part of the CW power is beam split
after the isolator for optical beating with the OFC. The
wavelength of the frequency f634 was calculated to be
634.009 nm by our previous work[16].

The optical scheme for the OFC stabilized on the
ECDL is shown in Fig. 2. The OFC is constituted by
a 532-nm pump laser (Coherent Verdi V6), a Ti:sapphire
ring cavity femtosecond oscillator (Gigajet20), and a
(f − 2f) nonlinear spectrometer utilizing the photonic
crystal fiber (PCF, Crystal Fiber NL-740-2.0) to acquire
an octave spectrum. The output power of the fem-
tosecond oscillator is about 600 mW under 4.5-W pump
power. The repetition rate fr is around 760 MHz and the
pulse width is 25 fs. The signal of fr is acquired by inject-
ing the laser into a metal-semiconductor-metal ultrafast
photodiode (MUP). The supercontinuum generated by
the PCF covers the region from 560 to 1120 nm. A 5-
mm-long KTiOPO4 (KTP) crystal in room temperature
is used to double the spectrum from the infrared to the
green visible light to acquire the carrier-envelop offset
(f0). The signal-to-noise ratio (SNR) of the frequency f0

is over 40 dB (300-kHz resolution bandwidth through this
letter if not specified). f0 is phase-locked to one third of
fr by feeding back the phase error to the acoustic opti-
cal modulator (AOM), which changes the intensity of the
pump laser and thus can change f0. The beat note (fb)
between the CW laser and one component of the OFC
is acquired by an avalanche photodiode (APD) with a
SNR of 30 dB. fb is phase-locked to one sixth of fr by
feeding back the error signal to the PZT attached on the
cavity mirror to change fr. A digital frequency divider
is used to divide fr by 3, 6, and 32. The output of the
entire optical frequency referenced OFC is fr, which is
an ultra-stable microwave signal that can be calculated

as

fr = f634/(m + 1/3 + 1/6), (1)

where f634 is the frequency of the CW laser and m is
the number index of the comb component used for op-
tical beating. The down-converted frequency is further
divided by 32 to approximately 23.65 MHz and is mixed
with a signal coming from a signal generator (HP3325B)
referenced on the cesium atomic clock (HP5071A). The
frequency of the signal after the double-balanced mixer
(DBM) is at the level of tens of kilohertzs, which can be
measured by a commercial frequency counter (Agilent
53131A) with sufficient precision.

Figure 3 shows the free-running frequency fluctuation
of the output microwave signal (fr/32). We use the Al-
lan variance[17] to describe the frequency fluctuation and
instability. The data show that the free-running output
has an instability of 10−9 at 1-s integration time and
deteriorates in the long term. This is mainly due to the
temperature changing of the environment (±1 ◦C). The
short-term frequency noise is mainly due to the acoustic
vibration from the air flow.

We measured the instability of the output microwave
frequency while the OFC is locked on the CW laser, as
shown in Fig. 4. The microwave output signal has an in-
stability of 7× 10−11 at 1-s integration time and reduces
to 7 × 10−12 at 300-s integration time. The bandwidth

Fig. 3. Instability represented in Allan variance when the
OFC is free running.
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Fig. 4. Instability represented in Allan variance when the
OFC is phase-locked on the iodine-stabilized laser at 634 nm.

of the loop filter is optimized to the order of hundreds of
hertzs to suppress the short-term frequency noise caused
by the acoustic vibrations. An integration servo is use-
ful to control the long-term frequency fluctuation of the
system. The measured result shows that the perfor-
mance of the OFC referenced on optical transition has
been achieved to the same level of the optical reference
proposed in Ref. [13]. The result also shows that the fre-
quency fluctuation of the OFC is below 4 kHz throughout
the visible and infrared spectrum, from 560 to 1120 nm.

In conclusion, a phase-locked OFC referenced on the
optical transition R(80)8-4 of iodine is constructed. The
output signal of 23.65 MHz is compared with the com-
mercial cesium atomic clock. The instability of the mi-
crowave output of the OFC is 7× 10−12 at 300-s integra-
tion time. With the absolute frequency of the f634 de-
termined and the introduction of the fiber optical comb
in the future, the OFC phase-locked to the I2 stabilized
diode laser with the instability of 10−12 provides moder-
ate performance and could serve as a portable molecular
optical clock, which is convenient for applications in the
field of metrology and measurements.
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Jedlićka, B. Kabel, A. Lassila, J. Lazar, M. Merimaa, Y.
Millerioux, H. Simonsen, M. Têtu, and J.-P. Wallerand,
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