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Départements de recherche de Femto-ST

INFORMATIQUE DES SYSTEMES COMPLEXES  AUTOMATIQUE & SYSTEMES
. Algor\ithmiqlfe nu_mérique distribuée MICRO-M ECATRON'QU ES (ASZM)

» Systemes repartis, ordonnancement
» Optimisation, mobility et networking

* Verification, validation de logiciels et systemes embarqués * Automatique

 Microrobotique
» Micromécatronique
* Micromanipulation and micro-assemblage

S Pronostics & Health Management (PHM)

TEMPS-FREQUENCE ”’j

* Résonateurs et oscillators ultra-stables
Ac,ousto .electrqnlqug'et ple_zoellectrlcnte —
» Métrologie et dispositifs radiofrequence

OPTIQUE — T MICRO NANO SCIENCES &
* Photonique et telecommunications / SYSTEMS (MNZS)

ENERGIE

» Métrologie et modelisation énergétique
» Conception de systemes énergétiques
» Echanges thermiques et écoulements

fluidiques complexes
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» Nano-optique
» Optoélectronique
» Optique non

* Micro and nano-instrumentation
» Nanosciences
» Micro & nano-acoustique

Linéaire M ECAN |QU E (M EC’APPLl) » Microsystemes multiphysiques

* Photonique pour - Vibrations et acoustique * Micro, nanomateriaux et surfaces

» Matériaux et structures
* Procédés de mise en forme et microfabrication
* Micro analyse des surfaces

L'instrumentation biomédicale
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Département Temps-Fréquence.

Héritier de la tradition horlogere et métrologique Francomtoise

Phase Noise and
Frequency Stability
in Oscillators
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Département Temps-Fréquence.

Des matériaux aux systemes

Oscillateur cryogénique pour
la navigation spatiale
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Cryogenic sapphire oscillator at FEMTO-ST ®
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ULISS Project
A new CSO in a
small van to visit
Europe

Fe3+ maser effect
in WG mode
sapphire resonator
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To build a good oscillator: environment
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- Low sensitivity to environment
(especially temperature fluctuations)
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Al203 monocrystal: the lowest dielectric losses Iin X- but: s =10
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Confinement inside the dielectric

Whispering Gallery Mode

Electromag. fields

WGH mode

Qo ~ » ~10° @ 4K




femto-st

SCIENCES &
TECHNOLOGIES

Thermal compensation

paramagnetic impurities: Fe3* Cr3*, Mo3*, Ti3*
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Mode degeneracy ()
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1 Av
Power sensitivit ~ 4x 1071 /mW
y AP v 8 /m

Power regulation mandatory

Vibration sensitivity

1A
~2Y 0 32%10710 /g

YV l
Displacement @ 1Hz < 2 pm

Challenging for a cryocooler
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Pound servo
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Y

Cryostat o
T T T T T T T T S
I == ‘:’
: : S
I s I b g
: = @ | ’é Phase \ \
| . : \_ \
i = E [=1}— VCPS
()
fm
- (~0) \Y
| I A A b Asd b
A4 00 ’ A ’
& K = S
= — »” ‘
e
H(p) of ¢
Figure 4.3: Pound servo principle " -
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Coupling adjustment:

| | | output
Pound servo optimised for B1=1, B2<<1 /
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Multiple cool downs: at last 5
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Room Temperature oscillating loop
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Cryogenic vaccum chamber
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Direct
B
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Cold head

low thermal

conductance
70K stage supporting rods
copper
4K stage braids
Temperature
Gold plated stabilised plate
cavity

PT. no moving part
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ELISA project — CSO for the European Space Agency
Target 3x10°1> ADEV 1s<1<1000s, without LHe bath
4 N
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- Specially designed PT Cryocooler l
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famto-st S. Grop et al., Rev. Sci. Inst. 81, 025102 (2010)
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LISA in Malargue, Argentina
April 2012
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ULISS Cryogenic Sapphire Oscillator Electronics Control

ULISS CSO

Ultra-stable = 5MHz
and autonomous —
freﬁuer;g g!)ference _— . _— :
synthesis Synthesis
o~ 10GHz
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PCO i PC ‘ _1
oowe P @z I Cm—;
ADEV measurement ELISA/ULISS
.. 10712 | _
= 3 days measurement without post-processing
= Perturbed environment:
g 10-13 - Technical university (ENSMM), = 800 students
- - Air conditioning still not operational during
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g‘ "."( } =il i 3 hours extracted from the entire data set
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Validate the flight prototype of the PHARAO synthesizer
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PPSD of two CSOs @9.989GHz
20\........ e — i L — e — O E R — 0

PPSB (dBc/Hz)

=100 \ 1

- ‘--\.
~120 b

~140 N
le=04 1e-03 1e-02 le=01 le+) le+01 le+02 le+03 lc+04 1e+05 le+06
Fourier frequency (Hz)
famto-st "

TECHNOLOGIES




Figure 1-2 — Block diagram of the Oscillator IMP facility
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to the measurement of noise and short- ¢ | Lo |
term stability of oscillators and devices - -— LT =4
In the whole radio spectrum (from MHz Mﬁ%ﬁ:—r‘” = ] 1
to THz), including microwave photonics, * : E — mm“‘;m_u,_
widely available to Agencies, to research oo [ P
Institutions and to private com- panies in . — —
the spirit of global competition and ° = +|.m"'::.,..,
economy. The scope spans from routine [ i airiaimin 1 |7 [ oo
measurements to the research on new . &.[E= - (marofam] - s toi
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measurement methods. =

power supply

AUX EQUIFMENT -- FEMTO-5T & Observatory
= Frequency synthasis = calibration |
- DEO (low-nolse synthesis) - netwark analyzers Environment tests — FEMTO-5T
= Room-temp. sapphire oscillators - specirum analyzers - vibrating tabbe
- Liquid-N2. sapphire osclilators - power meters - wacuum chamber
éfﬂtO-St = oy(T) measurement = databa e - msgnetic field squipment
B EESCIENCES & - S¢i(f) measuremen t - 20 m2 shielded room & EMC egipment
TECHNOLOGIES - regsonator stability measurement - 10m2 clean room




