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Compact ultra-stable cavity

• 25 mm long cavity
• ULE spacer and SiO2 mirrors
• Low loss crystalline coating
• ULE rings
• Compact vacuum chamber
• 30 L (excluding electronic)

Expected thermal noise limit :
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Setup 

Compact ultra-stable cavity



Setup

breadboard of 300 mm x 600 mm 

Compact ultra-stable cavity



Characterization

Phase noise

15105.7)s 1( y

Fractional frequency 
stability measured :

Compact ultra-stable cavity



Some issues with …

Vibrations sensitivity:

Compact ultra-stable cavity

CTE of the full cavity:

Temperature (°C)
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Silicon cavity stabilized laser



Cryocooler setup

Silicon ultra-stable cavity

Pulsed tube based: PT410, 
1W@4K, 3.4K min loaded



Temperature sensitivity

Silicon ultra-stable cavity

0-CTE measured at 18.1 K Residual sensitivity : -3.9 10-10 K-2



Impact on Frequency Stability

Silicon ultra-stable cavity

Time constant : 6600 s



Residual amplitude modulation

Silicon ultra-stable cavity
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Residual amplitude modulation

Silicon ultra-stable cavity

Thermal noise
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Laser 1

Laser 2
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Digital Electronic



RedPitaya

Inputs:
125 MS/s, 14 bits (+/- 1 V 

or +/- 10 V)

Outputs:
125 MS/s, 14 bits (+/- 1 V)

SoC : FPGA and 
Microprocessor

RAM  
(memory)

Micro SD Slot

Ethernet

FPGA (Field-Programmable Gate Array):
- logic functions
- Multipliers (48 bits)
- Memory RAM, DMA (CPU-FPGA data 

transfert)
- LookUp tables (LUT)

Digital Electronic



Step 0: …

ADC

FPGA

µProcessor

PC
End-User

DAC

Digital Electronic



Step 1: Design of FPGA functions

Use of Xilinx Software (Vivado)
Based on Intellectual Properties (IP) Core elements

Generation of bitstream file used for Programming the FPGA

Digital Electronic



Step 2: Run an embedded OS

ADC

DAC

FPGA

µProcessor

Micro SD Memory : 
Operating system : Built

root (µLinux)

PC
End-User

Ethernet

Digital Electronic



Step 3: Programming

ADC

DAC

FPGA

µProcessor

Micro SD Memory : 
Operating system : Built 

root (µLinux)

PC
End-User

Ethernet

No communication between functions and the End-user
 Need to link µP and IP parameters

Digital Electronic



Step 4 - 1: Axi interconect

ADC

DAC

FPGA

µProcessor

Axi interconnect
(Bus Axi + RAM)

Micro SD Memory : 
Operating system : Built

root (µLinux)

PC
End-User

Ethernet

New IP exploiting data transfert bus and memory
 Define memory address

Digital Electronic



Step 4 - 2: Drivers
Development of Drivers: 
• Define communication protocol/rules 

between l’IP and µlinux
• Need one for each IP
• C language
• Portability (independent of the FPGA type)

Generator (software): 
• link driver and IPs 

address
• instantiate and mount 

IPs in µlinux
• CPP language
• main function and 8 

files

Digital Electronic



Step 4 - 3: Library

• User friendly purpose
• High level function (“independent” of 

hardware)
• C or python language
• Portability (independent of the FPGA type)

Digital Electronic



Step 4 - 4: WebServer

ADC

DAC

FPGA

µProcessor

Axi
interconnect

Micro SD Memory : 
Operating system : Built

root (µLinux)

PC
End-User

Ethernet

Digital Electronic



Step 4 - 5: Monitoring

DataToRAM

µLinux

ZMQ software
Data exchange (server)

30 ko/s

PC / End-user

ZMQ (client)

Digital Electronic



Test: Laser Phase Lock

With Digital 
Electronic

With Analog
Electronic

∼ 3 × 10−18𝜏1/2

Digital Electronic

Loop Filter Noise only



Test: Link Phase Lock

Digital Electronic

Analog - Digital



Outlook: Refimeve+

Digital Electronic implemented in :

• Diode laser phase lock to center channel 
IUT44 (1542.14 nm)

• Laser Phase Lock to H-Maser signal

• Noise cancelled Link

• Pound Drever Hall

• Plan a comparison in Strasbourg:
SYRTE - PTB - FEMTO-ST

 Help to self diagnostic and autocontrol: reliability



Outlook: Cavities 

Compact cavity:

• 10-15 at 1 s range in 30 L

• Find answer about CTE and vib.

• Integrate digital elec (PDH …)

Silicon cavity:

• Thermal design validated

• RAM control in progress

• Vibration sensitivity optimization

• …



Outlook:

Yb+ compact optical clock:

• Optical synthesis from 
reference laser (1.542µm) 
to clock transition (435nm)

• R+ use for absolute 
frequency measurement


