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Need for high short-term stability
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Some applications in remote sites (Deep Space Network Antenna)

Challenge: reliable cryogenerator - let alone the L-He bath



Cryogenic sapphire oscillator at FEMTO-S1§
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ELISA project — CSO for the European

Space Agency

Target 3x10°1> ADEV 1s<t<1000s, without LHe bath
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Demonstration of a reliable CSO
suitable to remote-site installation

\.

S. Grop et al., Rev. Sci. Inst. 81, 025102 (2010)
S. Grop et al., Electronics Lett., 46(6) p.420-422, 8 March 2010
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Elisa, before moving to Argentina
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ELISA in Malargue, Argentina
April 2012 #
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Elisa frequency stability
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Resonator desigh - mode and frequency
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Round frequency (10 GHz) too tough

Our approach: 1) GHz — 7.5 MHz + 2 MHz
offset mech. tolerances —> DDS

® Oversimplify the synthesizer

® Over-specify the synthesizer, thanks to favorable frequency-leverage
® Ready for better-than-expected resonator

® Fully reproducible machine



10 GHz

-7.5+2 MHz ¢SO

48 bit DDS

0.9 yHz resolution

at 7.5+2 MHz

3.6 yHz at 10 GHz
3.6x10-16

Frequency synthesis

Direct

9.99 GHz

( output

10 GHz
outputs

input

7.5+x2 MHz
10 GHz heterodyne
7.5+2 MHz locked PLL
DDS control fre quency
DDS -
~ 71100 MHz
> v > qoutputs

HF/VHF out
15 MHz distribution

qoutputs
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. Potential users 11
- Space agencies '

VLBl observatories |~ ol S
.- Metrological Centers: : . .

| difficult to use . ELISA demonstrates
:- Research Labs

outside alab . an autonomous CSO

o T8&FIndustry r———— —state-of-the-art ADEV |

without LHe bath

ULISS project

- Develop a new cryocooled oscillator specially designed to be transportable.
- Testing it in the potential user’s sites through Europe.
- Create a business unit ULISS (managed by Univ. FC)

[ |
Uliss’
www.uliss-st.com

Since April 201
- ULISS was build and validated
- Two sites already visited (Neuchatel and Toulouse)

- ULISS was in Goteborg (EFTF 2012)
- ELISA installation in Malargue
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ULISS CSO

ULISS Cryogenic Sapphire Oscillator

1
> Electronics Control

Ultra-stable L = 5MHz
and autonomous —
frequency reference '

=
Frequency ————— & 100 MHz
synthesis :
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= 10GHz PCO
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—E—> CSO freq.

ADEV measurement ELISA/ULISS
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= 3 days measurement without post-processing
e Perturbed environment:
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ULISS in Neuchatel (LTF) - Feb 2012 -
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ULISS at CNES, Toulouse, April 2012

Validate the flight prototype of the PHARAO synthesizer
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Coming soon - three sapphire oscillators

Planned full measurement of S¢(f) and o(t) of Uliss before and after traveling
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SUMMARY

Already demonstrated

= state-of-the-art short term stability
= reliability and reproducibility
= suitability to remote sites / difficult logistics

= metrology applications

Some people believe that
“‘cryogenic sapphire is more about a lab experiment
than a reliable machine”

This is definitely not true

The ULISS Odyssey will continue
New travels planned soon
Suggestions are welcome

http://uliss-st.com
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