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Abstract Summary
We report on an optical fibre frequency transfer technique that
avoids traditional group-delay actuation bandwidth- and rangelimitations to deliver world-leading optical- and microwavefrequency transfer performance.
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Time and frequency transfer via optical fibre has seen a
great deal of development since the early work of the 1990s [1,
2]. Measurements of fluctuations of the transmitted signal’s
phase, resulting from environmental perturbation of the link,
are used by a feedback loop to ‘stabilise’ the signal delivered to
the remote user. Transfer techniques that transmit a single
optical frequency have led to the longest links [3], and the
highest transfer stabilities over shorter links [4]. However, for
many applications, the transfer of a microwave-frequency
signal (encoded as a modulation on an optical carrier) is
preferred as it can be applied directly in electronic systems. A
leading publication reports a transfer stability of 1×10−15 at 1 s
over an 86 km urban link [5] for such a technique.
Unfortunately, all microwave-frequency transfer techniques
require group-delay actuation of the fibre link in the form of
fibre stretchers and/or thermal compensation spools. In realworld systems, this often results in lower feedback loop
bandwidths (potentially leaving more uncompensated noise),
and a smaller range of feedback (limiting the maximum
practical link length). Recently, new dual optical- and
microwave-frequency transfer techniques have emerged that
combine the greater stability of optical-frequency transfer
techniques with the increased versatility of the microwavefrequency transfer [6, 7]. Nonetheless, these techniques still
depend on the aforementioned traditional group-delay actuation
systems, thereby limiting their performance.
We report on a dual optical- and microwave-frequency
transfer technique that avoids these traditional group-delay
actuation systems, while maintaining optical-frequency
measurements of fibre fluctuations, to deliver ultra-stable
optical- and microwave-frequency transfers. This is achieved
by generating two coherent optical frequencies (separated by
the desired microwave frequency) at the transmission source
and also using two independent feedback loops from two
separate measurements of link fluctuations.
The first loop measures the average phase delay of the two
optical frequencies, and feedback is applied using an acoustooptic modulator (AOM) as in the case of standard opticalfrequency transfer techniques such as [4]. The AOM provides a

large feedback bandwidth and also a large range of feedback.
However, it applies the same phase correction to both optical
frequencies, so any residual difference remains uncorrected.
The second feedback loop measures the differential phase
fluctuations of the two optical frequencies, thereby effectively
measuring the phase fluctuations of the microwave frequency.
We use a bespoke bidirectional actuation device, based on a
Mach-Zehnder interferometer that can alter the phase of only
one of the optical frequencies, and thereby also alter the
microwave-frequency phase. Our conference presentation will
report on the performance of this technique deployed on an
optical fibre link spanning several tens of kilometers across a
metropolitan area.
With the inclusion of only a handful of additional
telecommunications-grade components, we believe that most
of the world’s optical-frequency transfer links can be easily
retrofitted to use our technique. This development creates the
opportunity to increase the versatility and performance of
existing and future fibre links and thereby drastically expand
the scope of research in the dozens of high-impact science
applications supported by optical fibre frequency transfer.
REFERENCES
[1]

[2]

[3]

[4]

[5]

[6]

[7]

T. P. Krisher, L. Maleki, G. F. Lutes, L. E. Primas, R. T. Logan, J. D.
Anderson, and C. M. Will, "Test of the isotropy of the one-way speed of
light using hydrogen-maser frequency standards," Physical Review D
42, 731-734 (1990).
L.-S. Ma, P. Jungner, J. Ye, and J. L. Hall, "Delivering the same optical
frequency at two places: accurate cancellation of phase noise introduced
by an optical fiber or other time-varying path," Optics Letters 19, 17771779 (1994).
K. Predehl, G. Grosche, S. M. F. Raupach, S. Droste, O. Terra, J. Alnis,
T. Legero, T. W. Hänsch, T. Udem, R. Holzwarth, and H. Schnatz, "A
920-Kilometer Optical Fiber Link for Frequency Metrology at the 19th
Decimal Place," Science 336, 441-444 (2012).
O. Lopez, A. Haboucha, F. Kéfélian, H. Jiang, B. Chanteau, V. Roncin,
C. Chardonnet, A. Amy-Klein, and G. Santarelli, "Cascaded multiplexed
optical link on a telecommunication network for frequency
dissemination," Opt. Express 18, 16849-16857 (2010).
O. Lopez, A. Amy-Klein, M. Lours, C. Chardonnet, and G. Santarelli,
"High-resolution microwave frequency dissemination on an 86-km
urban optical link," Applied Physics B: Lasers and Optics 98, 723-727
(2010).
G. Marra, H. S. Margolis, and D. J. Richardson, "Dissemination of an
optical frequency comb over fiber with 3 × 10−18 fractional accuracy,"
Optics Express 20, 1775-1782 (2012).
S. Schediwy, A. Luiten, G. Aben, K. Baldwin, Y. He, B. Orr, and B.
Warrington, "Microwave Frequency Transfer with Optical Stabilisation"
Proceedings of the 2012 European Frequency and Time Forum, 211-213
(2012).

