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Abstract | Introduction Exploring FPGA Tools in Practice

Instruments at the European X-Ray Free Electron Laser (EuXFEL) receive femtosecond

coherent X-ray pulses with 220 nanoseconds spacing in burst up to 3600 pulses every =y sl 1 eehenge Sueieele e HHEn giavelmpers o S Sl

100 ms. ¥ Explore different open-source libraries, tools, and workflows

B Common objective agreed, each developer explores a different approach with
As experimental demands increase, close interaction with users has led to the results presented at the next meeting A MO
development of highly customized firmware and FPGA-based processing solutions. I Build awareness of what is available and how it can be used DESYRDL | his4ml
Leveraging our expertise, we plan to accelerate established data processing, reduction, (i i e e o o o e e

. . eakRDL Ho FuseSOC
So far the following topics have been explored: . .p. s .g. ————

BN FPGA project generation with Hog, FuseSoC and DESY FWK cocotb uvvm osvvm

and correlation software routines in hardware, enabling faster feedback and results. At the
same time, the groundwork for in-house development of front-end electronics for
next-generation 2D detectors is ongoing.

* Earlier adopters of Hog’s Xilinx Vitis SDK integration FPGA
To sustain and scale this approach, we are transitioning to modern FPGA devices, B8 Simulation and verification with cocotb, UVVM and OSVVM
updated toolflows, contemporary libraries, and open-source ecosystems. Our goal is to B Control and Status registers with peakRDL, rrgen, DESY RDL
establish reproducible, maintainable workflows tightly integrated with control and IT
infrastructure. We seek collaboration, guidance, and exchange of best practices from the
FPGA community. New Developments
EXxperience
Integration of Zynq based EtherCAT MicroTCA AMC solution
MicroTCA is the main platform for timing distribution and digitizer systems B8 Board design in parternship with NAT, requirements from EuXFEL
Commercial FPGA-based products have been successfully integrated, with both full W& Provides bridge between EtherCAT and MicroTCA platform
custom firmware development and partial firmware customization BN Develop peakRDL exports for EtherCAT ESI XML description and
BN Digitizers operating from 125 Msps to 4 Gsps AXl4Lite master from a SystemRDL file

BN Multi-purpose boards for clock and signal distribution in 2D detector systems

Hog conf

BN Hardware signal processing with automatic reconfiguration based on X-ray delivery
conditions

Future detectors at XFEL will require an upgrade in
several components that include FPGAs. One
proposal is to use Zynq UltraScale+ boards from
Enclustra. To improve the FPGA development
collaborative environment, and from exploring
FPGA tools at EUXFEL, we propose the use of Hog
with container environments. A working baseline
framework was developed and repositories are
publicly available in the QR code at the bottom.

BN Export of fully documented register memory maps for straightforward software
integration

Makefile

meta/rules.mk

Build Build w/
Local Container

Local
Vivado
Install

Vivado
Container

Timing System SI1S8300 : . :
(Stockholm University / (Struck Innovative (¢e?§j4%12e) (TAe:z(dgl:e) Flgur_e. Basic StI’UCtUI’e.Of the
DESY) Systems) y v baseline framework using Hog

A Simulink library has been developed to support integration of user-designed and containers.

modules into deployed hardware solutions. Exploring the use of Kria Starter Kits at EUXFEL to address specific

instrument challenges.
B Setups or scenarios where the boards can provide quick feedback

i L s - and hardware data processing for real-time feedback and
== . 4 automation
i_ =] -_— = - . BN Fast integration into EUXFEL'’s in house develop control system
e 0, HI"I-EIOMDL —ir Karabo using PYNQ library
g . e ~— et Bl A first solution has already been used during beamtime.
[ 4 T—
L — = } ‘ | | Currently searching the market for new digitizer solutions.
= |_ BN Existing develop algorithms and modules must be migrated 111

B Require synchronization with external clock references possibly _/\/— FPGA

Reusable TCL-based workflows generate FPGA and software distribution files. over multible boards ITT1

BN Interested in technologies such as PCle over fiber and RDMA over
Ethernet for raw data transfer

B The scripts support multiple firmware variants for the same board, as well as
selectable signal-processing feature sets

BN Git submodules are used to manage common in-house IP and shared modules OUthOk

Expand the use of state-of-the-art FPGA boards and open-

source tools, libraries, and workflows.

Develop and integrate dedicated solutions for data

acquisition and processing, including compact standalone Poster and

These deployed solutions and development workflows have operated reliably since
2017, while continuing to support maintenance, upgrades, and new feature development.

BN As current equipment approaches end of life, newer solutions must be integrated
without losing existing functionality or operational experience.

systems for specific applications.
B Future developments must build on both technical requirements and the E))/(plore newpcollabo?‘Ztions and knowledge transfer with REferences
experience gained in operation, including feedback from Data Analysis and other FPGA developers and groups. We welcome ideas,
Instrument groups. feedback, and discussion on technologies and directions
W New FPGA and embedded development tools and workflows offer opportunities to worth pursuing at our institute.

accelerate development, integration, and long-term maintainability.
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