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Optical clock frequency down conversion
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Optical clock frequency down conversion
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Phase coherent doweconversion

Optical clock signals provided by A. Ludlow & team
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Phase coherent doweconversion

Er:Combl
1 Yb Clock 1 208 MHz

|
|{48th Harmonic)
|
Optical T _Pllot_o_digd_e: I Microwave

beat note _ beat note
Mixer -

I_ _——y-—-—————e—mmmm_m_—m——— h |

I I

] Yb Clock 2

' 110 GHz

Microwave Phase

Phase (mrad)

Digital
Sampling

Digital
Sampling

Optical Phase

Highly correlated phase records
Scaling should be given by (259 THz/10 GHZz)

National Institute of
Standards and Technology
U.S. Department of Commerce

rmstiming error: 900attoseconds

- 40

-
(sy) Buiwil anne@y

I

1
N
o

- 40

T. Nakamura et al, Scien868, p. 889 (2020)

—— Microwave
—— Optical (x10GHz/259THz)
. — Difference ,
10000 20000 30000 40000
Time (s)

I T T T T T T

7 Correlation
- coefficient=
0.998

[N

Microwave Phase (mrad)

60 -40 20 O 20 40 60
Optical Phase (rad)



Frequency dowsgconversion
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Accuracy of opticab-microwave conversion
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Compact optical reference cavities

NISTYbclock laser cavity

(to scale)




Compact optical reference ca |
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Applications of compaditrastablecavities

Mobile optical clocks  Low noise microwave generation Environmental sensing
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Applications of compaditrastablecavities

Mobile optical clocks  Low noise microwave generation Environmental sensing
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A glass menagerie
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Microfabricatinghigh finesse mirrors

Mirror layout
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Million finessamicromirross

Finesse compendium Survey of statef-the-art mirror finesse
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Micromirrorcavities
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Micromirrorcavity phase noise and stability
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lernauﬁoml-mweof Thermal noise limited performance



Micromirrorcavity + chigscale laser
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Micromirror cavitiesg reduction in size
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Cavity In a custom can
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Assembled Vacuum System

Performance currently under evaluation



A glass menagerie
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Phase noise vs. air pressure
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In-vacuum cavity bonding
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éminicub€ O k @dlindirary results

In-vacuum micro-FP: bonded and diced at Yale
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Summary

Microwave signals with

) o High finesse micrmirror cavities Low phase noise with {macuum bonding
optical clock stability
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Optical clock diagram
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