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MOTIVATION

« The ASDEX Upgrade (AUG) timing sys-
tem is based on two generations of custom
build hardware, which get increasingly dif-
ficult to maintain (scarce spare parts, ...)

 Today, network time synchronization based
on PTP & SyncE can achieve (sub-)nano-
second accuracy, matching or even sur-
passing accuracy and precision of the cur-
rent hardware timing system

« Goal: Migrate the AUG timing system to
network time synchronization

« But: Replacing the timing system all at
once is not possible (amount of hardware,
available time between campaigns, ...)

CURRENT STATE

o Starting with the 2026 campaign, the AUG
experiment time is derived from two redun-
dant GNSS clocks

« A process was established to reliably syn-
chronize the hardware timing system to the
reference clocks

» Selected subsystems were migrated to use
network time synchronization (PTP) instead
of the hardware timing system

* The successful commissioning of the hy-
brid operation mode enables the step-wise
upgrading/ migration of the timing system

NEXT STEPS

 Continue to monitor and evaluate the per-
formance of the hybrid timing system

Includes reevaluation of Time Interval Error
on a server equipped with a SyncE capable
network interface card

« Coordinate with IT department to have tim-
ing requirements accounted for in upcom-
ing AUG network infrastructure upgrade

 Evaluate solutions for a new timing adapter
as replacement for Local Timers and TDCs
in providing clocks and trigger signals
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Local Timer

* Recovers internal 10 MHz clock from 10 MHz car-

rier of Manchester encoded stream

Provides clocks (10 MHz, 1 MHz, 100 kHz) and
8 digital outputs

» Qutputs are set/reset by the events distributed
by the Central Timer (CT)

Note: Event TS6 (plasma breakdown) is times-
tamped on the TDC CT, allowing to align Local
Timer output signals with TDC time

Time to Digital Converter (TDC)

* Recovers internal 50 MHz clock from 25 MHz car-

rier of Manchester encoded stream

Provides 2 programmable clocks and digital out-
puts

Provides 8 digital inputs to timestamp external
signals and/or to send interrupts to the host

Provides UNIX timestamps with nanosecond
resolution (TDC time) to hosts and the SIO data
acquisition hardware

Note: The time server sets the time register of
the Central Time Counter (CTC) once on start-
up, afterwards it is incremented by 20ns with
every cycle of the CTC’s onboard clock (VCXO)

Synchronizing TDC time to GNSS time
« TDCs do not provide connectors or internal logic

to natively synchronize to an external reference
like a pulse per second (PPS) signal

As TDCs use the Manchester encoded input
stream for clock recovery, providing a 25 MHz
reference frequency to the CTC’s input can be
used for syntonization

« Offset removal is achieved iteratively:

1. Synchronize the time server using PTP

2. Initialize the time register with the current
system time and start the CTC

3. Timestamp the GNSS PPS on one of the
CTC trigger inputs to determine the offset

4. Exit, if the offset meets the target

Else, calculate a correction term to add
to the system time and go back to 2.

Syntonization

« While Free-running, different TDC time cards

showed drift rates up to 130 us/s compared to
the GNSS reference (CTC: 14 us/s, example to
the left: 107 us/s)

Providing a reference frequency to the TDC in-
put reliably removes drift

» The remaining Time Interval Error (TIE) consists

of jitter associated with reading TDC time via
the PCle interface, as well as the jitter of both
the host’s and the TDC’s internal clocks

Offset removal

» Using a PPS as trigger input, a final offset within

+10ns (TDC precision) is reached reliably

As fallback, offset removal is done in software
by comparing TDC time and CLOCK_REALTIME, if
no PPS signal is detected

Note: While the software offset removal works
well, this approach relies on proper tuning of the
host and OS, as well as averaging to exclude
jitter.




