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Femtosecond Optical Frequency Comb(FOFC) and 
Application 

Introduction of Academy of Opto-Electronics(AOE) 

Summary 
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1. Introduction of AOE 
 



 Founded in Dec. 2003 

 Dedicated in the research and 

development of optical remote 

sensing, laser and its application, 

space science & technology 

 5 branch institutes 

 Responsibilities: Project 

Organization, System Development, 

Technology  Spin-off. 

AOE 

 The Technology and  Engineering Research Center 

of Chinese Academy of Sciences (CAS) 
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The headquarter of AOE (Beijing) 
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2. FOFC and Application 
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FOFC 

 FOFC: femtosecond mode locked laser with repetition rate and phase 

controlled. 
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N. R. Newbury, Nat. Photonics, 5, 2011. 

S. Diddams, JOSAB, 27(11), 2010. 

Measurement  

Frequency synthesis 

 Carrier-envelope phase control 

• Absolute distance  

• Optical Frequency  

• Time/frequency transfer 

• Tests of fundamental physics 

• Spectroscopy 

• Optical waveform generation 

• Low-noise microwaves 

• Ultrafast science 

Application of FOFC 



Absolute Distance Measurement 

Large Scale Metrology 

Satellite Flying Formation 
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 Requirements 

• Precision: ~1μm @>10 m(0.1ppm) 

• Update : <1ms 

 Traditional methods 

• Time of flight/phase (1ppm) 

• Multi-wavelength(1ppm) 

Absolute Distance Measurement 



Absolute Distance Measurement by FOFC 
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• Advantages–Measurement range: km,  Precision: μm, update : ms 

• Application prospect--Measurements for satellite flying formation, New laser 
tracking measurement , High-precision multi-lateral intersection measurement , 
Space science, Earth observation , High-end manufacturing, Surveying and Mapping .  

 

I. Coddington, et al, NPHOTON.2009.94. 

Seung-Woo Kim, et al, NPHOTON.2010.175 

Time-of-flight 

Spectrum resolved interferometry  Dual-comb 

11 
S. A. van den Berg, et al, PRL 108, 183901 (2012) 

Synthetic wavelength interferometry 

K. Minoshima, et al, Applied Optics.2000.39(30). 
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3. FOFC Distance Measurement 



Femtosecond oscillator 
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Output spectrum Polarization-maintain fiber laser 

Pulse Amplification and Compression  

980/1550 WDM

Er-doped PM Fiber

980/1550 WDM

laser

Er-doped PM Fiber

The first amplifier The second amplifier

Femtosecond Optical Frequency Comb 



Repetition Rate Feedback Control 
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Dual-

Comb 

Oscillator×2 

amplification and 

compression system×2 

Temperature control module 

Coarse stabilization module of 

repetition rate 

Servo×2 

Phase locked loop 

Pump current source 

Frequency counter 

Frequency synthesizer×2 

Rb clock 



16 

Dual Comb Distance Measurement 
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Optics Data Processing 

Dual Comb Distance Measurement 



Distance Precision Test 
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Precision: 6μm @ 26m (comparison to interferometer) Precision: 20μm @ 60m (comparison to interferometer) Precision: 2μm @ 10m (comparison to interferometer) 
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4. FOFC Laser Tracker  



Laser Tracking Measurement System 

Portable laser tracking 

measurement system is used to get 

high precision 3D geometric with  

high measurement speed (1000pts/s), 

high precision(5-10ppm), large 

range(30-60m).   

The system has wide application in 

scientific research and 

manufacturing industries. 
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Diagram of  Hardware System 



Aerospace Heavy machinery Automobile 

Shipbuilding Energy equipment Scientific research 
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Application  



Optics Design  
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Electronics Design 
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Power Supply  
Bus Diagram 

Data Acquisition  Clock 



Electronics 
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FOFC Laser Tracker Diagram 
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Tracking Head Main Machine 



Software 



Femtosecond Laser Tracker Prototype 
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Specification 

Working range 60m 

Coordinate 

precision 

10μm/m（2σ） 

Distance precision 1μm+0.5μm/m 

Horizontal range ±320° 

Vertical range -50°~+50° 

Angle resolution  0.1″ 

Angle precision 5μm/m（1″） 

Sample speed 1000 /s 

Tracking speed  2rad/s 

Acceleration 1rad/s2 
28 

Femtosecond Laser Tracker Prototype 



Femtosecond Laser Tracker Demonstration 

29 Click to play video 



Summary 
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1. FOFC       

             Repetition rate σ : 141μHz (2.8×10-12@1s) 

             Carrier envelope offset frequency σ : 850μHz (1×10-10@1s)  

2. Distance Measurement 

             Dual-comb  Measurement Precision:  20 μm@60m  

3. Laser Tracker      

             Working Range: 0-60m 

             Angle measuring precision: 0.6 ″ 

             Coordinate Measurement Precision:  10 ppm 

4. Future Work     

             Laser tracker industralization, Formation flying measurement, 

             Multilateration measurement, …… 
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Thanks ! 


