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Ʒ Deep-time multiplexing

ƴConceptual design

Ʒ Index of refraction variations

ƴWavelength

ƴTemperature

Ʒ State of Polarization

ƴStability

ƴControl
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Deep-Time Approach ROADDM
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Ʒ Reconfigurable Optical Add Drop ñDelayò Module
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Å Index of Refraction, n(ʇ)

Å Phase Velocity, ὺ ʇ

Å Group Velocity, ὺ ȠὨʇ
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Å Group Velocity Dispersion, GVD
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Å Group Delay, † ρ
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Å Group Delay Dispersion, GDD
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Wavelength-Dependent Index of Refraction
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Modulation Phase Shift  Dispersion Measurement
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Measurement setup for fiber chromatic dispersion

ɝʐ(ʇ) = 0.00029598ʇ2ɀ0.7348ʇ+ 440.16

ɝʐ(1560.61nm) - ɝʐ(1549.32nm) = 1.97305ns
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Temperature-Dependent Index of Refraction
LUNA Technical Note EN_FY1406,
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ɻL : thermal expansion coeff ‌ : thermo-optic coeff
0.55 x 10-6 °C-1 ~7.0 to 9.0 x 10-6 °C-1

(7.5 x 10-6 used below)
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Observed temps.

y=0.393x -8.644
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In situ Cross-Timing Mark
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XT-mark

V XT-mark in each time window

V Follow temp-time fluctuations

V XT-mark inherently same ɚas 

velocity record 

Á Single XT-mark for 16 records (only 

8 shown)

Á Temperature fluctuations ~1ï16 ns

Á Temp gradients = inconsistent ‏t
Á Compounded effect deeper in time
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Static Signal Fluctuations
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Å All channels seeing same 

probe

Å 30 m jumpers to firing 

chamber

Å Shot-to-shot variability 

~10 dB
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Ʒ Real single-mode fibers exhibit elliptical birefringence due to

ƴDeviations of core shape from circularity

ƴLateral compression

ƴResidual twist

ƴBending
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Polarization/Induced Birefringence
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Stokes Parameters vs. 50 min
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Tau Windows 1 through 8 

(1 millisecond)
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Tau Windows 9 through 16

(1 millisecond)
Stressed Fiber?

Increasing variations

OFFICIAL USE ONLY/EXPORT CONTROLLED

OFFICIAL USE ONLY/EXPORT CONTROLLED



Managed and operated by 

National Security Technologies, LLC

2016 Photonic Doppler Velocimetry Workshop:  June 6ï9, 2016

OFFICIAL USE ONLY/EXPORT CONTROLLED

OFFICIAL USE ONLY/EXPORT CONTROLLED

Local Oscillator SOP

(1 millisecond)
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Aligning Local Oscillators with Signals
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Polarization Controllers ïFiber Squeezers (EPC-300)
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Ʒ Not all inputs are affected equally!
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Polarization Controllers ïPolarRITE (VarRotQWP)
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Polarization Controllers  3-Paddle (RQW-RHW-RQW)
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