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In order to take full advantage of the higher stability and accuracy provided by optical frequency
standards with respect to their microwave counterparts, it is necessary to divide such optical fre-
quency down to the microwave domain preserving phase coherencel , fractional stability® and
accuracy. We have conceived and qualified an ultra-low noise frequency comb system based on a
125 MHz figure-9 fiber laser (1.5 um) in a 15HU transportable rack. The system includes comb
branches for synthesizing the required optical frequencies to reference the relevant transitions’ cw
lasers used in the operation of an Yb lattice clock and to conduct frequency ratio measurements
between Yb ion (871 nm), Yb/2 (1156 nm) and Sr (698 nm) lattice clocks. A tailored 10 GHz
photonic microwave output provides the phase coherent down-conversion for the Yb optical clock
frequency, rendering the clock signal output. The spectral purity transfer in the optical as well as
the microwave domain has been assessed. The phase of the optical and microwave output signals,
respectively at 1156 nm and 10 GHz, between the device described in this work and a reference
comb system were compared on the same phase-frequency counter, while both systems were phase
locked to the same ultra-stable cavity-stabilized laser at 1542 nm. In Fig. 1 the phase evolution of
both, the optical and microwave comb-comparisons, is shown together with the stability of the
individual measurements. For the left hand plot the optical phase was scaled to the microwave
frequency. The measurement bandwidth was 0.5 Hz. The residual of the optical to microwave
phase difference corresponds to a phase time error (root mean square value) of 1.61 fs. The micro-
wave stability shown yields to a relative accuracy of 0.43+9.87x102° after 40 hours of measure-
ment time, with the uncertainty taken as MADEV at 40ks.

0.50 107

I — Microwave Comparison
0.25 ﬁ L N 1075 ] —— Optical Comparison
0.00 1 -— Optical Clock Stability

—O 25 1
Maal g
-0.50 1 W"‘m
-0.75 1
—— Microwave Comparison

=1.00 1 = Optical Comparison -18 |
= Optical - Microwave Difference
5x10~12 Phase Evolution

10° - r r - - -
=1.50 T T T - T - . _
0 2000 4000 6000 8000 10000 12000 14000 10 z 10 ! 100 1 UW 1 02 1 03 1 04

Time [s] Time [s]

ad]

Phase [mr:
MADEYV [fractional]
S

-1.25 1

Fig. 1: Left: Phase Evolution of the microwave and optical comparisons and residual between them. The cone of a
5x1071° phase evolution is indicated in yellow. Right: Stability of the microwave and optical comparisons and of the
best reported optical clocks.
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