
The Oscillator IMP
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Oscillator Instability Measurement Platform

At your choice, P stands for Playground, Playstation or Platform  

You can also read Oscillator IMPact

A platform dedicated to the measurement of 
oscillators, frequency stability, and noise

Targets at being the world-leader facility dedicated to the 
measurement of noise and short-term stability of oscillators 
and devices in the whole radio spectrum (from MHz to THz), 
including microwave photonics, widely available to Agencies, 
to Research Institutions and to Private Companies



Short-Term Stability !2

5000 BC? – 1960 AD
Primary std –> Timekeeping

Oscillators –> Applications

short time

µs…ks

• Virtually all systems rely on time and frequency 
• Stable oscillator is stable for a short time τ 
• Accuracy from external reference (traceable) 

• Examples 
• Pendulum —> Earth rotation (τ ≤ 101 …106 s) 
• Radars (τ = 10–6…10–2 s) 
• Telecom systems (τ ≤ 0.1 s … 105 s) 
• Computer boards (τ < ≈1 µs) 
• Particle accelerators (τ ≤ ≈100 ms) 
• GNSS ranging (100 ms) 
• Very-Large Baseline Interferometry (τ = 10–1…104 s) 
• Space missions (τ = 1…103 s) 
• GNSS time scale (τ ≤ 106 s, i.e. ≈2 weeks)

Plenty of Room Time at the Bottom – R. P. Feynmann, Pasadena, Dec 1959 
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we are here

• Green dots: absolute frequency 
measurements (70–80 nat’l labs) 

• Red stars: frequency fluctuation 
measurements (8 nat’l labs) 

• We are the one and only lab for 
spectral purity, Sφ(f) or L(f) 
• Other labs (NIST, PTB, NPL) do well, 

but they did not do BIPM paperwork 
and peer review

The BIPM is in charge of the 
“convention du mètre,” 

on the top of the world metrology
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BIPM CMC-DB 
Calibration and Measurement Capabilities Data Base



!4

RX

Carrier-
phase
GPS

Time-transfer

measurement equipment & steering algorithms

CW laser

small FP 
cavity

Stabilized laser

detector

control

optical
carrier 
meas.

RE
NA

TE
R

FS laser

ULE FP 
cavity

Stabilized laser comb

detector

control
reference opt. 

frequency
from SYRTE

Shared with REFIMEVE+ Equipex project

optical
frequency

multich.
counters

Main control unit

data
acquisition

al
go

rit
hm

sphase
detectors

down
converters

computer
& storage

Monitor

sensors

optical link

optical link

Observatory

FEMTO-ST

environment

distribution
amplifiers

stable
frequency

1.5 km (fiber)
0.5 km (sight)

optical
freq.

distribution
amplifiers

Distribution

stable
frequency

ba
ck

up
po

w
er

 s
up

pl
y

da
ta

CW laser

cryo Si 
cavity

Cryogenic CW reference

detector

control

optical
freq.

composite
clock

RX-TX
TWSTFT
two-way
µwave

Time-transfer

backup
power supply

three-corner-hat & control

Liquid-He sapphire oscillator ensemble

tra
ns

-
po

rta
bl

e

m
as

te
r

di
st

rib
.

am
pl

i

se
co

nd
ar

y

ULISS

µwave
optics
data

color code

re
fe

re
nc

e 
fre

qu
en

cy

UTC(OP)
  from

SYRTE

Access to UTC(OP)

White
Rabbit

White
Rabbit

stable
freq.

for all users

will be transportable

FS
 la

se
r

transmitting, waiting for the R+ signal to come

AUX EQUIPMENT -- FEMTO-ST & Observatory
- calibration
- network analyzers
- spectrum analyzers
- power meters
- database

- Frequency synthesis
- (Room-temp. sapphire oscill.)
- σy(τ) measurement
- Sφ(f) measurement
- resonator stability measurement
- power-grid quality test
- phonometer
 

Environment tests -- FEMTO-ST
- 20 m2 shielded room & EMC equipment
- vibrating table
- vacuum chamber
- magnetic field equipment

Optical distirb of 100 MHz in progress
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Microwave Photonics !5

FS comb MENLO— RF/optics gearbox

Typical	values:
• F =	2	105
• L =	 10	cm
• Δ" = 7	kHz
• "& = 200	THz
• )" "⁄ = 10	,-.

!"# =
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Flicker is powered by thermal energy

Temperature T

Mechanical quality factor Q

Fourier frequency ƒ

Fractional frequency stability

Structural dissipation (hysteresis) turns

white —> 1/ƒ noise

Stability of our cavities (1/ƒ, laser stabilized to) 
2×10–15    5 cm, ULE at room T  (operational) 

7×10–15    2.5 cm, ULE at room T   (got, more tests) 

3×10–17   14 cm, Si at 17 K  expected (in progress)

Laser stabilized to FP etalon Thermal stability
• Even L(T) @T0  —> ∆L/L=0 at T0 
• ULE vitro ceramic T0 ≈ 20 ºC 
• Si crystal, 124 K and 17 K 
• Challenges 
• Full structure an mounting 
• Warp

2.5 cm FP
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be fixed

Bragg mirror

laser

detector

PM

PDH control

mirror
substrate

20
 M

H
z

200 THz
spacer

L

ƒ 
co

nt
ro

l

Fabry Perot cavity

Optical	Frequency	Comb

x2

ƒ0 control carrier envelope ƒ0

ƒ0 lock

ƒb = νℓ - (nƒrep +ƒ0 )

laser
νℓ

ƒrep control ƒrep lock

pulse rate
mƒrep

SI second defined by 9.193 GHz NMR of 133Cs

∆L
/L

, p
pm

Temperature, K

260 270 280 290 300 310 320
–2

–1

0

1

2

3
ULE Fused

Silica

ULE & FS



Microwave Photonics
• Room-temperature 5-cm ULE cavity 
• Operational, 2×10–15 flicker (8×10–16 projected), 10–16 τ drift 

• Room-temperature 2.5-cm ULE cavity  
• Original design, help from CNES 
• Preliminary, 7×10–15 flicker (3×10–15 projected), 7×10–15 τ drift 
• Phase noise 0 dB at 1 Hz, 1/ƒ2, still unexplained 
• Cannot set to the turning point, –40 ºC inferred 
• Prototype will fit in 8-unit, 19” rack (expected) 

• Cryogenic (17 K) Si-monocrystal cavity 
• Original design 
• Very preliminary PDH, 10–14 flicker (3×10–17 projected) 
• Ready to test turning T, T stability, and PDH noise 

• Optical path stabilization, path between laser and λ/4 
• Original method being tested

!6
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Liquid-He Sapphire Oscillator



Coming: Multi-Channel TDDS !8

DDS

Clock

Cyclone III FPGA

VoCore2 Linux 
computer 
(back side)

DC/DC & 
voltage 
regulator 

Ethernet

Thermally 
symmetric design 12 V, 10 W supply

Mixer

SMA input connectors

6 TDDSs, control unit, and interface in a small instrument

EthernetRS-232

Developed by C. E. Calosso, INRIM, Italy – Next version will have arbitrary frequency output

IEEE T UFFC, DOI 10.1109/TUFFC.2018.2870593 



Liquid-He Sapphire Oscillator !9

T2>T1
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• 3 units operational –> covariances 
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noise validated after roundtrip 
• µHz-resolution synthesis

ELISA –> ESA, Argentina  /  ULISS available for rental  /  3 units for GPS @ USNO
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IEEE T UFFC, DOI 10.1109/TUFFC.2018.2870593 



Time System !10
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• 3 H masers & 3 Cs clocks operational 
• Common view GPS operational 
• TWSTFT operational, calib in progress 
• REFIMEVE+ Equipex in progress 
• On-site White Rabbit (CERN design)  
• On-site frequency distribution on fibers 
• 3rd time site in France
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Metrology & Digital Electronics
• Shielded chamber & EMI lab 
• Transportable oscillators (quartz, CSO) 
• Phase noise in digital devices and ADCs 
• Digital methods for PM noise measurement 
• Three-cornered hat measurements  

(covariances and cross spectra) 
• Ω (LinReg) frequency counter 
• PVAR, LinReg wavelet variances  

detects noise phenomena with the shortest data record 
• AM noise and laser RIN

!11
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Organization and Manpower !12

Microwave 
Photonics

Y.Kersalé [R.Boudot]

Microwaves & RF
V.Giordano 
[E.Rubiola]

Time & Statistics
F.Vernotte [F.Meyer]

Metrology & Env.
E.Rubiola [S.Galliou]

Yann Kersalé
Jacques Millo
Clement Lacroute

Rodolphe Boudot
Emanuel Bigler
Yannick Gruson
Philippe Abbé
David Vernier

Vincent Giordano
Enrico Rubiola
Benoît Dubois
Serge Grop
Christophe Fluhr
Yannick Gruson

Enrico Rubiola
Serge Galliou

Yannick Gruson
Philippe Abbé
Nathalie Cholley
Gilles Martin

François Vernotte

Francois Meyer
Eric Meyer
Emmanuel Tisserand

Administration
F. Cornu, S. Djaouti, F. Locatelli

Project Leader 
E.Rubiola [V.Giordano]

Board of Directors 
E.Rubiola,V.Giordano, 

F.Vernotte, F.Meyer

Executive Director 
F.Meyer

E.Rubiola
Benoît Dubois
Nicolas Gautherot
Eric Meyer
Emmanuel Tisserand
Arthur Hugeat

Digital Electronics
J.-M. Friedt [E.Rubiola]

Quality
S. Ubaldi (all UFC)

Atoms
TBD

TBD
(R. Boudot) 
(M. Delehaye)
(C. Lacroute)

Left or going to leave: P-Y Bourgeois, A. C. Cardenas, C. Rocher

New WP “Atoms” will proposed soon

Aryanne Hicks

also director of LTFB



Partnership with LTFB !13

Oscillator IMP LTFB 

Recherche •••
Services pour la 
recherche •• •
Métrologie pour la 
recherche •• •
Services pour 
l’industrie • ••
Métrologie accréditée •••
Designated Institute  •••

• Oscillator IMP and LNE-LTFB operate in the same 
domain with different purposes 
• LTFB —> most routine calibrations and services 
• Oscillator IMP —> research & more

Formalisation en cours



FastLab !14

Censored 🤬  

Maurice and Fabrice already talked

• I have seen recently 
•Measurement of VLF signals, highly 
resistant to EMI 
• Spoofing GPS, time and position



Some Milestones

• Official start, November 1, 2012 
• Kickoff, May 31, 2013 
• International evaluation, June 27, 2017 
• Collaborations welcome!   

• FastLab, March 1, 2018  
• Inauguration, March 28, 2018 
• EFTS, created in 2013, 7th edition July 2019 
• Cross-spectrum measurement of L(ƒ), three 

workshops (Paris 2014, Denver 2015, Besancon 2017)
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• Joint effort of FIRST-TF & Oscillator IMP 
• Crash course on T&F for newcomers 
• Fair competition with the NIST T&F Seminar  
• Topics: Oscillators, Measurement, Atomic 

standards, Time scales, and general 
• Broad target audience 
• Balance between academic and applied issues 
• Instructors from leading European institutions 
• 5 days, 23 H lectures, 12 H labs in small groups

Lives on 20 k€/y (3/4 registrations, 1/4 public) plus volunteer work

LNE

SYRTE
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AC

PTB

FEMTO

ROBNPL

LTF

BIPM

OB
INRIM

Scientific Council
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2013 2014 2015 2016 2017 2018

EFTS Participants 
FR UE & CH INTL
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2013 2014 2015 2016 2017 2018

EFTS Participants 
PhD Company Academic

Next: July 1-5, 2019

Registrations open end January

Being updated


