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European XFEL — a leading new research facility
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Boundary conditions in time and space…

Burst of up to 2700 pulses in 600us every 100ms
All control electronics should be placed in 19“ racks in rack 

room above the experiment hutches
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What has to be controlled: motion, vacuum, temperature, power, protection,…
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Terminals (i.e. digital input)

PLC systems – simplified overview
Programmable Logic Controller

Terminals as interface to h/w

Terminals are connected together

PLC CPU
Connects via cables to Terminals
Implements programs for control

Computer
connects to PLC CPU
Implements Control System 
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PLC systems – modular and compact structure

TDK Lambda HFE Supply

2 PLC modules in one 19” frame FAN unit with alarm output

Air duct to redirect airflow in rack

PLC CPU 19” cabinet
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Example of installed PLC systems
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PLC Framework Library and generic interlock functionality
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Component Requirement Document (CRD) – the starting point
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Electrical CAD design (EPLAN P8)
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SVN

PLC Project generation

PLC
(FXE_loop_1)

Electrical Design

xml

Generate
Build

Project Data
Interlock Definition

KARABO
(Control System)

PLC 

Self
description

PLCMS

PLC Framework

Presented in THAPP01 this morning
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General MicroTCA Infrastructure

MicroTCA Crates
Large 12 slot 9U and 

small 6 slot 2U
(including MCH, Power 

Supply and CPU)

X2Timer
XFEL Timing System 

module for 
synchronization (clocks 
and triggers) and pulse 
parameters from NAT

SIS8300
Fast 125MSPS ADC 
with 10 channels and 

16bit resolution for 
diagnostics and 

detectors from Struck 
Innovative Systeme

ADQ412/ADQ14/ADQ7
High-speed digitizers 

from 1.8GSPS to 
10GSPS with 12 to 14 

bit resolution from 
Teledyne SP Devices

DAMC2
Required for Clock & Control 
system for fast 2D detectors, 

VETO System, Machine 
Protection System and 

photon beam loss monitors 
from DESY
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Overview of general FPGA design concepts

Providing Structure: Start-Up Projects
separation in board and application

Self-descriptive register set to auto detect
and check for compatibility

Automatic register and documentation generation
based on VHDL table
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High-level FPGA algorithm development and simulation based on Simulink
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FPGA processing algorithms and interfacing standards – Signal processing

Zero Suppression Pulse Integration Peak Time Detection
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Other tools and solutions not mentioned yet

Nagios for monitoring and alarms

For automated OS install and config

For OS monitoring

PLC Framework
regression test system

PLC security via
isolated networks



17Overview of Acquisition and Control Electronics and Concepts for Experiments and Beam Transport at 
the European XFEL

Dr. Patrick Geßler, Head Electronic and Electrical Engineering, European XFEL, October 10th, 2019

Status (9/2019): Integration in Numbers

Softdevices: 9.482

PLC Loops / CPUs: 120

Number of Terminals: 8.452

PLC Modules / crates: >500

MicroTCA Systems: 35

Digitizer channels: >280

Motion
2241

Digital / Analogue 
Outputs

1459
Digital / Analogue 

Inputs
3970

Pump controllers
812

Others
1000

Distribution of softdevices
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What is next…

Integration of general automation functionality into PLC systems (beyond interlocks)

Integration of safety PLC systems for cases where a machine is a risk for health

Development and evaluation of high-speed FPGA based image processing platform
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Thank You for Your Attention
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