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UTC Coordinated Universal Time
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EAL (Echelle Atomique Libre)

stable, uncalibrated time scale

TAI (Temps Atomique International)

UTC = TAI + N leap seconds

Monthly Analysis with 

ALGOS Algorithm

Calibration with Primary and Secondary 

frequency standards

BIPM

Bureau International des

Poids et Mesures (Paris)

Around 70 countries have their 

own realization of UTC: UTC(k)

Only few countries have a 

physical realization of the SI-

second

UTC(CH) is the Swiss 

realization of UTC

Data of about 450 atomic clocks are continuously compared 

worldwide
UTC(k)

Clocki – UTC(k)

Distributed over 94 institutes

GNSS Two Way TF transfer

Primary (≈15) and Secondary (9) frequency 

standards 

Local realization of the 

second

Distributed over 12 

institutes

UTC(CH)

METAS has a PFS: FoCS-2

Primary (≈15) and Secondary (9) frequency 

standards 

Distributed over 12 

institutesFoCS-2
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Time dissemination and comparison 
techniques with UTC(CH)
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Method
Time 

dissemination
Accuracy

Implementation 

effort

Transportable clock ns level Low

Via GNSS ns level Low

TWTFT ns level High

NTP ms level Low

? ns or better

High: we need 

dedicated 

fibers/channels
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▪ Today UTC(CH) is already very accurate and stable

▪ In the future, it will be even better (new generation of atomic clocks, ...)

▪ But today, we require:

About timescales…

➢ Improved dissemination techniques

➢Variety in techniques to provide resilience

▪ New definition of the second

▪ Support for large scale projects (quantum networks, particle colliders, astronomy…)

▪ Support for industry (distributed systems, telecom, transport…)

▪ Resilience to satellite techniques

▪ Solution for multi-site time scales



▪ TDIS for Time DISsemination

What is the TDIS project?
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▪ Main goal: Build a prototype network to demonstrate the 
feasibility to disseminate of UTC(CH) with sub-ns performance 
level using WR in an operational data-carrying network

▪ TDIS is project initiated by METAS with Swiss partners
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• The project is a collaboration between 4 entities:

Partners of the project

Provide the reference time scale UTC(CH)

Metrology expertise in T&F

Provide an access to an optical fiber all 

over Switzerland

Provide all the hardware

Provide support for measurements along 

the network

Will test WR for dedicated activities

Provide access to their systems

for tests purposes

Coordinator+
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▪ Foundation SWITCH:

➢ Connects all universities

➢ Around 50 points of presence 
all over Switzerland 

➢ Which prototype network 
can we build?

Topology of the network
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▪ Several criteria:

➢ Connect all participants

➢ Ring-network (for redundancy)

➢ Lowest complexity as possible

Topology of the network

▪ We have identified 4 sections:

➢ Green: METAS-Armasuisse

➢ Red: Armasuisse-Zurich

➢ Orange: METAS-SIX (via Basel)

➢ Blue: METAS-SIX (via Neuchâtel)



Topology of the network
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What wavelength?
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▪ SWITCH network is operational with 
data traffic

➢ C-band is not available

Monitoring of the bit error rate in the fibers shared 

with our metrological frequency signal

▪ We choose to work in the L-band

➢ We choose DWDM SFP with 

➢ λ(𝑇𝑋 = 1590.411) 𝑛𝑚 (L84)

➢ λ(𝑅𝑋 = 1591.255) 𝑛𝑚 (L85)

➢ ± 0.1 nm stability 

➢ 𝑇𝑋 and 𝑅𝑋 are separated by 100 GHZ

➢ Low chromatic dispersion shift

▪ Is there detrimental crosstalk between 
the C-band and our metrology application 
in L-band?

➢ Husmann D et.al.: SI-​traceable frequency 
dissemination at 1572.06 nm in a stabilized 
fiber network with ring topology. Vol. 29, No. 
16 /2 August 2021 (Optics Express)
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What are the results?

▪ Results from the METAS-armasuisse link

▪ Some information:

➢Distance: 24 + 40 = 64 km

➢No regeneration station

➢2 fibers available: we build a small loop

➢Round trip distance: 2*64 km = 128 km

➢L-band (around 1590 nm): no data traffic
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REF

(UTC(CH))

WR

GM

WRS 1

WR

Local GM

WRS

METAS armasuisseSWITCH

Optical fiber 

network

OADF OADF

WRS 2

OADF OADF

Oscilloscope

1-PPS signal

1-PPS signal

1-PPS signal

PCO

10 MHz signal

10 MHz signal

METAS-Armasuisse link: implementation
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METAS-Armasuisse link: implementation

REF

(UTC(CH))

WR

GM

WRS 1

METAS SWITCH

Optical fiber 

network

OADF OADF

WRS 2

OADF OADF

Oscilloscope

1-PPS signal

1-PPS signal

PCO

10 MHz signal

10 MHz signal
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• All devices are calibrated

• 45 days of measurement

• 9 days deadtime

METAS-Armasuisse link: results

REF

(UTC(CH))

WR

GM

WRS 1

METAS

WRS 2

Oscilloscope

1-PPS signal

1-PPS signal

PCO

10 MHz signal

10 MHz signal

➢ There is still a small deviation

➢ No noticeable drift

➢ Statistical uncertainty: 120 ps @ 1s (single shot 
measurement)



20.03.2024 16

METAS-Armasuisse link: results

REF

(UTC(CH))

WR

GM

WRS 1

METAS

WRS 2

Oscilloscope

1-PPS signal

1-PPS signal

PCO

10 MHz signal

10 MHz signal

➢ Statistical uncertainty: 120 ps @ 1s (single shot 
measurement)

➢ Uncertainty from uncertainty budget: 193 ps

➢ Total uncertainty (k=1) = 227 ps

▪ Main limitation today:

➢Noise from devices

➢ Estimation of the α value



Sensitivity to the temperature
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• Lab temperature is very stable

• On the round-trip time delay we 
clearly see the day/night 
temperature fluctuations

• Amplitude around 5 ns

• These fluctuations are not 
visible on the 1-PPS signals 
generated by the WRS



➢ Realization of the connection to SIX is in 
progress

➢ Loop will be finished by closing the link 
SIX→METAS via Neuchâtel

Next steps of the project
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GNSS

GNSS

➢ Estimated uncertainty for the dissemination of 
UTC(CH) to SIX: around 300 ps

➢ With SIX, we will be able to compare the 
dissemination via WR with a satellite comparison
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➢ White Rabbit is a good candidate for next gen. time 
dissemination

Conclusion

➢ We achieved a dissemination of UTC(CH) with sub-ns 
precision over more than 100 km

➢ This project already created awareness for high quality 
timing dissemination in Swiss industry



Thank you for your 
attention!
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➢ WR may also be used in METAS to disseminate Time (1-PPS) and Frequency (10 MHz) 
signals 

➢ Comparison between actual distribution (blue) and WR (Orange)

BONUS



State of the art
• Satellite techniques (GNSS, TWSTFT)

• Based on RF (1-12 GHz) frequencies

• Actual limit ~10−16, reached after days

• Actual limit ~1 ns level

BUT with optical fiber networks we can push those 
limits

• Optical fiber networks

• Based on optical telecom (190 THz) frequencies

• Limit ~10−19, reached after hours

• Limit ~1 ps level

• Redundancy to satellite techniques

• New method/protocol (White Rabbit (WR), ELSTAB, 
Phase cancellation)
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Time and frequency networks: Situation in Europe
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H. Schnatz: Towards a European fiber network, ESA ACES Workshop, Zürich, June 2017

• Past and current 

international projects

• EMRP NEAT-FT

• EMPIR OFTEN

• EMPIR TiFOON

• Horizon 2020 CLONETS (-DS)

• EMPIR ROCIT

Sliwczynski, et al., IEEE Communications Magazine, 2020

• In Germany and Poland: ELSTAB timing 

(for 5G)

• Very long WR links in Italy

FUC

INO

FIRENZE

ROMA

NAPOLI

UTC(IT) transferred to Aerospace industry 

premises over 200 km  and 1000 km

Levi et al., IFCS/EFTF 2022
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Time and frequency networks: Situation worldwide
• Clock comparison • Very long WR links in USA

Sub-ns accuracy on loop-back

• Time transfert


