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New Dimensions in  
Photonics Doppler Interferometry 

• Interferometer configurations 
• Polarization control 
• Signal-to-Noise Ratio (SNR) as a primary 

performance measure  
• Balanced heterodyne detection 
• Post-interferometer modulation 
• New multiplexing possibilities    
• Short wavelength PDV 
• A new research team at UNLV 
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Polarization: A New Dimension to 
Enhance PDV Performance 

• Higher heterodyning efficiency 
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• Higher signal 
• Lower noise 
• Higher SNR: Higher precision! 
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Sagnac Interferometer for High Precision 
Displacement Measurement 

• Loop interferometer topology 
• Polarization based signal extraction scheme 
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Zero-Area Loop Interferometer 

• Non sensitive to rotation 
• Sensitive to displacement at certain locations 
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Shot Noise Limited Interferometry Sensitivity 

• SNR factors 
– Signals 
 Power 
 Wavelength 

– Noises 
 Imperfect 

contrast ratio 
 Detector 

quantum 
efficiency 
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Polarization Controlled Based  
Balanced Heterodyne Detection  
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Polarization Arrangement to Enable 
Balanced Heterodyne Detection  
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High Precision Phase Measurements with 
Balanced Heterodyne Detection  
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• 9E-10 rad/Hz-1/2  or ~1 fm/Hz-1/2 
• Robustness against laser frequency and amplitude noises 



Post RF Modulation for Signal Extraction 
Frequency Shift at Ease 

• Place modulator after the interferometer to lower the laser power impinged on crystal 
• Eliminate the modulation effects at the input chain  
• Can be used for frequency up shifting for dynamic range expansion 
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Post Modulation Optical Arrangements 
• Local Oscillator and Signal orthogonally polarized 
• Electro-Optical Modulator is polarization sensitive 
• LO and Signal are differentially modulated  
• Precision phase detection by heterodyning 
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Sagnac Interferometer with Balanced 
Polarization Maintaining Fibers 

• Follow up research in fiberized interferometer (2011) 
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Polarization Maintaining Optical Fibers 

• Panda fiber 
• Elliptical clad 
• Bow Tie  
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Short Wavelength PDV 

• Shorter wavelength 
– Example 532 nm (~1/3 of 1550 nm) 
– Enhances PDV shot noise limited sensitivity 
– Increases fringe counting, thus bandwidth 
– Can be combined with optical up conversion to 

extend the bandwidth 
– Complementary with 1550 nm PDV 
– Can parallel with 1550 nm PDV 
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Signal to Noise Ratio Enhancement 
Thanks to Shorter Wavelength 

• Considering shot noise limited case 
– Signals          1/λ 
– Noise             1/λ1/2 

– SNR                1/λ1/2 
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From Ted Strand (2009 SDRD Proposal Collaborator):  
The current state of the art utilizes laser and telecommunication equipment at 
1550 nm. In spite of the popularity of the 1550 nm PDV, any experiment that 
involves very short time scales or very small total displacements are still better 
served by VISAR or Fabry-Perot. In particular, measurements taken with 1550 
nm PDV on initiation system flyer pressure experiments and on laser driven 
targets resulted in comparatively poor data quality. Using a short wavelength 
PDV should produce higher quality data.  

∝
∝
∝



Components Becoming Ready 

• CW Green 532 nm Fiber Laser up to 100 W 
• Single mode optical fibers at 532 nm  
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532 nm Electro-Optical Modulator 
• Electro optical modulators (Amplitude & Phase) 
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The UNLV Proposal 

• 1550 nm PDV 
• Polarization Controlled PDV 
• Short wavelength PDV 
• Combined PDV operations 
• Quantum noise limited PDV 
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A New Research Group at the  
University of Nevada, Las Vegas (UNLV) 
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• UNLV Electrical and Computer Engineering 
• New Security Science & Engineering Group 

– Faculty: Professor Ke-Xun (Kevin) Sun 
– Graduate students  
– Undergraduate students 

• Research areas 
– GaN semiconductors and devices  
– Optics and Lasers 
– High speed electronics 
– Micro and Nano technologies 
– HEDP  Diagnostics 

• Supports and Collaborations 
– National Security Technologies (NSTec) 
– Sandia National Labs 
– Lawrence Livermore National Lab 
– Los Alamos National Labs 
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