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Abstract—We demonstrate a microwave frequency transfer
experiment with a femtosecond pulse train via 11 km fiber link.
The whole system is similar with the previous work conducted by
researchers in KAIST, South Korea, but the fiber path length is
nearly four times longer than the previous work. The fractional
frequency instability between local and remote 7.5 GHz
microwave oscillators in terms of Allan deviation reaches 2.3x10"
14 at 1 s averaging time and goes down as 17,
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L INTRODUCTION

High-precision transfer of microwave signals over long
distance is crucial of time and frequency standard dissemination
[1], large-scale scientific facilities (e.g., accelerator-based light
sources and long-baseline radio astronomy) [2]. Over the other
techniques, microwave frequency transfer via fiber link, which
features high signal-to-noise ratio and anti-jamming capacity,
is pretty suitable for applications on the ground.

Here we demonstrate a microwave frequency transfer using
a femtosecond pulse train with fiber-loop optical-microwave
phase detectors. The whole system is similar with the previous
work conducted by researchers in KAIST, South Korea [3,4],
but some attempts on, for example, homebuilt all-fiber-device-
based fiber-loop optical-microwave phase detectors, an active
optical path control module using fiber stretchers and a
motorized optical delay line are made to jointly achieve
microwave transfer through a 11 km fiber link, which is nearly
four times longer than the previous work.

II.  METHODS/RESULTS

The microwave transfer system using a femtosecond laser
with fiber-loop optical-microwave phase detectors is shown in
Fig.1. In the local site, a 7.5 GHz microwave oscillator is used
as a master oscillator. In order to realize precision microwave
frequency transfer, a Erbium-doped fiber mode-locked laser
with a repetition rate of ~250 MHz is phase locked to the master
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oscillator by a fiber-loop optical-microwave phase detector
(FLOM-PD) [5], therefore its femtosecond laser pulses inherits
the frequency stability of the microwave oscillator and are
ready for transfer to the remote site. Then, another femtosecond
laser pulse train is first passed through a dense wavelength
division multiplexer with a bandwidth of 0.8 nm. The
bandwidth-narrowed laser pulses benefit with a reduced pulse
duration broadening due to the dispersion of the long-path fiber.
After that, the narrowband pulse is amplified by a unidirectional
erbium-doped fiber amplifier. Before sending to the remote site,
the laser pulse passes through an optical -circulator,
piezoelectric fiber stretcher, and motorized optical delay line.
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Fig. 1. Simplied diagram of the microwave transfer system using a
femtosecond laser with fiber-loop optical-microwave phase detectors. fs laser,
femtosecond laser; DWDM, dense wavelength division multiplexer; UniDir.
AMP, unidirectional amplifier; CIR, circulator; Delay, motorized optical delay
line; HVA, High voltage amplifier; PC, personal computer; PID, proportion-
integration-differentiation controller; FLOM-PD, fiber-loop optical-microwave
phase detector; DAQ, data acquisition board; pwave OSC, microwave
oscillator; DBM, double-balanced mixer; BiDir. AMP, Bidirectional amplifier.

In order to further reduce the pulse duration broadening
effect by the optical fiber, ~1100 m dispersion compensation
fiber are cascaded with the ~10 km single-mode fiber. Note that



we do not have to conduct delicate dispersion management
since the utilized FLOM-PD is not very sensitive to the pulse
duration. The narrowband pulse laser is amplified by a
bidirectional erbium-doped fiber in the remote site. Then, about
90% of the laser pulse is pass through the fiber mirror to the
FLOM-PD. The remaining 10% is reflected back to the second
FLOM-PD in the local site.

The delay compensation is realized by a joint of optical fiber
stretcher and motorized optical delay line. The former provides
a noise-suppression bandwidth greater than 10 kHz but a
relative low dynamic range, while the latter owns a maximum
tuning span of 560 ps. Therefore, the feedback is separated into
two branches. One is guided to the high voltage amplifier to
accomplish fast feedback of the fiber link length. The other is
directed to the data acquisition card, and then the digitized
voltage waveform is uploaded to the computer. According to
the real-time voltage data, the algorithm on the LabVIEW
platform generates driving command to motorized optical delay
line to compensate the long-term fiber path drift.

In the remote site, a slave 7.5 GHz microwave oscillator is
phase locked to the transferred laser pulses by FLOM-PD. For
ease of establishment, all the FLOM-PDs are made of fiber-
coupled devices as compact modules.

III. RESULT

For the convenience of out-of-loop test, the output frequency
of the slave microwave oscillator is detuned 250 MHz lower
with respect to the master microwave oscillator. As shown in
Fig.2, The fractional frequency instability between local and
remote 7.5 GHz microwave oscillators in terms of Allan
deviation reaches 2.3x107 at 1 s averaging time, and goes down
as !, from which phase locking between the master and slave
microwave oscillator is inferred to be achieved.
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Fig. 2. Fractional frequency instability between local and remote 7.5 GHz
microwave oscillators.

The phase noise power spectral density within a Fourier
frequency band from 1 Hz to 10 MHz is drawn in Fig.3. The
integrated rms phase noise is 2.94 mrad, which corresponds to a
timing jitter of 62.4 fs, and a coherence efficiency of 0.999 [6].
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Fig. 3. Phase noise power spectral density between local and remote 7.5 GHz
microwave oscillators.

IV. CONCLUSIONS

A microwave frequency transfer system using a
femtosecond pulse train with fiber-loop optical-microwave
phase detectors have been demonstrated. Attempts on
homebuilt all-fiber-device-based fiber-loop optical-microwave
phase detectors, an active optical path control module using
fiber stretchers and a motorized optical delay line are made to
jointly achieve microwave transfer through a 11 km fiber link,
which is nearly four times longer than the previous work. The
fractional frequency instability between local and remote 7.5
GHz microwave oscillators in terms of Allan deviation reaches
2.3x107' at 1 s averaging time and goes down as t!. The
integrated rms phase noise within a Fourier frequency band
from 1 Hz to 10 MHz is 2.94 mrad.
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