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“m Introduction

Our goal:

Delivery of precise time/frequency reference signal
to the remote laboratory

The problem:

varying propagation delay of the transmission
channel




mﬂ Unidirectional time/frequency transfer
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Fundamental accuracy limit: temperature dependence of the
fiber propagation delay.




mm m Unidirectional time/frequency transfer

expected performance

Our measurements results:

| | Temperature
Fiber type Fiber length [km] A [nm] sensitivity [ps/(K-km)]
1550 36.80
SMF-28 12 1310 37.97
SMF-DS 20 1550 38.57
LEAF 20 1550 37.97

Az =39 ps/(K-km) - worst-case thermal coefficient

For 3 km link:
diurnal temperature variations —1°C = At~ 0.12ns = TIE — 1-10-1°
seasonal temperature variations —20°C ®» At ~2.4ns = TIE — 7-10-1/




Real - live example
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lll ]ﬂ Typical approach to delay stabilization

CW system
AGH LNE-SYRTE (France), PTB (Germany)

Cva Fiber AOM 1 Fiber
aser (phase —P—I
compensation)
W — . AOM 2
‘ (frequency
conversion)
VF + ¢ ‘ >
Remote
RF Phase copy of CW
Synthesizer Comparator Cont_ml from Fiber
Unit Laser
Beat

Signal

VF - VB

n
/\/V‘*L'm




[l

AGH

Reference

100 MHz

+10

Typical approach to delay stabilization

modulated

carrier system

LNE-SYRTE (France)

PLL
90 MHz

<

=

VCO q
100 MHz

PLL
110 MHz

Remote copy of
100 MHz reference




_/\CC
N

mechanical variable

delay line

Reference

TIC or
Phase
Comparator

o
Er
|

>

AL

<«

I

0.

5m
-
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modulated carrier system
LPL (Paris), NIST (USA)

AT = 20K
L~1km
< thermal
chamber
temperature variable
delay line
Variable Fiber

Optical
Delay .
/ ’

Control
Unit

L~15m

Ux1kV
_Y::A‘& ’—:—j!_’_;

et ~

y SR

piezo
actuator

Remote
copy of
Reference

>




lll Iﬂ Our approach: fully-electronic variable delay line

Variable Fiber
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Dispersion

Accuracy limits - Fiber Compensator
chromatic Ax ((O \ \
dyspersion N (D)«
e MAB_ .
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Tag —Tga = LD(A, — 43) delay
3—[T)~ -1.5...-4-10ps/(nm - km - C)

For 100 km long fiber, AA=0.4 nm, AT=20°C » A(Tag- Tga) ~ 3 PS

Accuracy limits -
polarization-mode dispersion
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In nowadays fibers PMD ~ 0.1 ps/+/km

For 100 km long fiber ®» Atp, ~ 1 ps
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Requirements concerning the variable delay blocks:

- input signal: 1PPS or 10 MHz (binary)

- monotonic tuning

- no glitches

- continuous tuning or small tuning steps; ~ 20 ps
- tuning range ~ 100 ns (for 30 km fiber length)

- excellent matching: T, - Ty < 20 ps

| There are no off-the-shelf components fulfilling above requirements |




“m Structures available for the variable delay - line
cell with positive feedback (Razavi)




Structures available for the variable delay - line
inverter-based cell
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ASIC structure
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lll I]J Simulations results — delay vs control voltage
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Simulations results — delay mismatch
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[+I1+1I+ IV [+11+III [+1I
VcTrL T C. T G Tm (o8 Tm o8
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lll IJJ Open-loop performance
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I ] Closed-loop performance (I)
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achieved reduction: 170x (17 ns — 100 ps)

~ 200 fs/lkm-K @ 20km, 25K

literature reports: ~ 110 fs/km-K @ 2.5 km, 4K (Narbonneau 2006)



ll” IJJ Design shortcomings
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“m Design shortcomings
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I ] Closed-loop performance (II)
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achieved reduction: 1100x (17 ns — 15 ps)
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literature reports: ~ 110 fs/km-K @ 2.5 km, 4K (Narbonneau 2006)
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AGH Conclusions

e Fiber optic transfer of time/frequency reference in closed loop
exploiting electronically variable matched delay Ilines offers
substantially reduced fluctuations of propagation delay of the link.

e Designed chip is functional, however some problems still awaits for
solving:

o hoise coupling through the power supply rails,
o crosstalk between channels,

e These deficiencies could be probably greatly reduced by improving the
layout.

e Inaccurate matching could be improved applying compensation of the
tuning chatracteristics.



