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. What is ELSTAB technology?

fiber optic T/F dissemination (5/10/100 MHz + 1/100 PPS)

based on active compensation of fiber delay fluctuations

typically uses dark fiber, but dark channel is also possible
compensation range: 100 km (standard) or up to 1000 km (LR version)

ADEV < 3x1013 for 1 s averaging, < 3x10Y for 10° s averaging

TDEV < 2 ps for 10 s averaging, < 1 ps for 10° s averaging




. Stabilized T/F transfer general idea ~LLON
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©®o = Orer + QOoF + OF_F To = TREF + TDF + TF F

OrT = ODF + OF F + OF B + QDB TRT = TDF + TF F + TF B + TDB

if orT = 0 (kept by feedback) if TrT = const. (kept by feedback)
then then
P0 = PReF + To = TREF + TRT/2 +
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ELSTAB approach frequency transfer =
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DLL equilibrium condition: ~N
Tpr + TF_F + TF_B + Tpg = const (1)
ATDF + AT FF + AT FB + ATDB = 0 (2)

>_ :> ATF_B + ATDB =0 :> ATDF = ATDB

Constant delay requirement: Atg g= Ate g (~ PS) _
Tpr + T p = const (3) delay lines
Atpp + AT =0 4) ) have to be

matched
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. ELSTAB approach joint T/F transfer *
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. Basics of link calibration -
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Basic calibration formulas: Fiber forward-backward asymmetry:
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- All the calibration measurements are done at the local side only ¢



. Delay compensation towards autonom
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Details in:

Calibrated optical time transfer of UTC(k)
for supervision of telecom networks

Metrologia, 56 015006, 2019
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. Long distance transfer Single Path Bidirectional Amplifiers - S
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. Long distance transfer Wavelength Selective Isolator Yal
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Generic SPBA: SPBA with WSI:

- equal delays for forward and backward directions
- equal gains for bi-directional signals but
- also equal gains for backscatering
SO
gains should be chosen judiciously

- strong asymmetry for signal and backscattering but
- unequal propagation delays (calibration required)
- residulal thermal sensitivity

SO

number of WSIs should be kept at a reasonable
minimum
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. Link optimization
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. Automatic calibration Towards autonomous system 2 ¥ G o
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T — Fiber-optic UTC(k) timescale distribution with automated link delay
J/ cancelation, IEEE Trans. on UFFC, 66, 163-169, 2019
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