




THE DAMC3-X3TIMER MODULE

The design of the DAMC-X3TIMER module is based on

the concept and functionality of the X2TIMER AMC that

was developed for and successfully operated at the European

XFEL and FLASH facilities [3]. The DAMC-X3TIMER

AMC can be configured to operate either as a transmitter,

using an external RF reference or an internal oscillator for

standalone mode, as a repeater for further distribution or as

a receiver for local timing system clients. Figure 4 shows a

functional block diagram of the DAMC-X3TIMER.

When configured as a transmitter, the DAMC-X3TIMER

will assemble a timing event data block, consisting of trigger

signals and machine and beam operation data, and broadcast

it over the optical fibre. The event data transmission will

be driven by a low-jitter clock derived from the 500 MHz

input received from the main RF oscillator. The baseline

transmission rate will be 0.5 Gbps, but current provisions

allow for an increase of up to 3 Gbps. In repeater mode, the

DAMC-X3TIMER rebroadcasts the optical stream from the

transmitter to local receivers.

When configured as a receiver, the DAMC-X3TIMER

will recover the RF frequency from the input data stream

using the clock data recovery (CDR) technique. The re-

covered clock will be routed to an onboard dual loop clock

cleaner which contains two Phase-Locked Loops (PLLs)

to reduce the clock jitter and to derive multiple clocks for

internal logic and external interfaces. The individual trigger

signals and timing data will be extracted from the recovered

event data and distributed to local clients via high-speed

LVDS/MLVDS links tracing to the MTCA backplane, RTM

and AMC’s front panel. Coarse and fine programmable

delays will be applied to all the output serial links to com-

pensate for differences in optical fibre length resulting from

the different positions of the receiver modules along the

pre-accelerator chain and the PETRA IV ring.

The DAMC-X3TIMER AMC transmitters and repeaters

will also provide drift compensation to keep the propagation

delay to the corresponding receivers constant over tempera-

ture and humidity changes. For this, each receiver will loop

back the data stream to the transmitting/repeating module. A

dedicated functional unit on the transmitting/repeating AMC

will detect the phase difference between the local reference

clock and the clock recovered from the returned data stream.

A control loop will configure dedicated delay lines in the

receiver and transmitter path to keep the phase relation con-

stant. The measured phase difference and the delay values

will be available to the control system for diagnostics. The

drift compensation logic will be implemented on a daughter

card that will be mounted only on the DAMC-X3TIMER

modules performing this function.

The tasks of generating and distributing timing and beam-

synchronous signals and data to the PETRA IV subsystems

will be assigned to a System-on-a-Chip Field Programmable

Gate Array (SoC FPGA) device located on the DAMC-

X3TIMER board. The device will be reconfigurable and

feature sufficient internal resources to cover the needs of

Figure 4: Block diagram of DAMC-X3TIMER prototype.

implementing both the currently foreseen complex real-time

processing as well as subsequent upgrades determined by

possible enhancements in the timing system’s requirements.

For configuration, control and monitoring purposes, a PCIe

interface will connect the SoC FPGA with the local CPU

via the MTCA backplane. The SoC FPGA will distribute

the incoming configuration and control data to all internal

and onboard programmable locations. In addition, it will

collect various status and monitoring data from distributed

internal and onboard functional units and provide them on

the PCIe bus upon request from the supervising software.

OUTLOOK

The major upgrade of the PETRA storage ring and the pre-

accelerator chain requires a new, large-scale, versatile timing

system that can deliver precisely and reliably timing infor-

mation to all the accelerator subsystems and experimental

beamlines across the complex. The use of MTCA.4 technol-

ogy and the vast experience already gained with MTCA.4-

based timing systems at the European XFEL and FLASH

facilities [4] helps overcome many technological and con-

ceptual hurdles. The DAMC-X3TIMER module, the main

functional building block of the timing system, is currently

being designed. A fully assembled prototype is expected by

the end of 2023. Its functionality will be thoroughly verified

in standalone mode in the lab environment and validated in

joint tests with other prototypes of the PETRA IV systems.
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