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Agenda

Introduction into European XFEL

Programmable Logic Controller (PLC) based solution for generic control and automation

MicroTCA as standard platform for decentralized high-speed electronics

FPGAs as central element for high-speed interfaces and real-time pre-processing
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European XFEL – a research facility of superlatives
Facts and figures

Start of construction in 2009

Start of user operation in
September 2017

Construction costs: 1.25 billion €

Annual budget: about 140 million €

More than 500 employees from over 60 countries

The world’s largest and strongest X-ray laser

Aerial view of the Schenefeld research campus from 9 September 2021
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Beamline layout and experiment stations
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What has to be controlled: motion, vacuum, temperature, power, protection,…
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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 – CPUs, Power and Cooling

Besides the PLC modules, the following is required
PLC CPUs
► 24V industrial PCs
► About 130 in operation
24V and 48V Power supplies
► redundant and hot-swappable
► Can provide 1600W per slot-in module
FANs and air ducts 

TDK Lambda HFE Supply

 
 

Quote No. DE-000885574  1 vom  05.08.2015 Blatt  3 / 4 
 

Amtsgericht Mannheim, HRB 503549 
Geschäftsführer: Daniel Stirpe, Henry E. Grimm 

Pentair Technical Solutions GmbH, Langenalber Str. 96-100, D – 75334 Straubenhardt 
 

Pos. 2 Luftführungshaube 

 

BESTELLNUMMER 19713-154 BEI AUFTRAGSERTEILUNG BITTE ANGEBEN 
 
TECHNISCHE BESCHREIBUNG 
 
19"- Luftführungshaube 2HE, 470mm tief, zur Montage unter pos. 1 zwecks Luftansaugung von vorne: 
 
- Frontplatte perforiert 
- optionale Filtermatte nachträglich von vorne montierbar 
- gepulvert RAL 7035 
- vorbereitet für Adaption an pos. 1 Lüfterkassette 
- inkl. Adaptionskit für Lüfterkassette 
 
Lieferausführung als Bausatz. 
 
 
Preise: 
 
Preis bei Abnahme von 1 Freigabemuster: EUR 75 €/Stück   netto 
bei 20 Stück / 1 Los:    EUR 72 €/Stück   netto 
bei 60 Stück / 3 Lose ( Rahmen )  EUR 70 €/Stück   netto  
 
Lieferzeit: Freigabemuster: ca. 8 Wochen, Serie ca. 6-8 Wochen 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Quote No. DE-000885574  1 vom  05.08.2015 Blatt  4 / 4 
 

Amtsgericht Mannheim, HRB 503549 
Geschäftsführer: Daniel Stirpe, Henry E. Grimm 

Pentair Technical Solutions GmbH, Langenalber Str. 96-100, D – 75334 Straubenhardt 
 

 

ANHANG 1: Prinzipzeichnung Lüfteranordnung mit Überwachungsplatinen 
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Example of installed PLC systems
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Component Requirement Document (CRD) – the starting point

à On-going R&D project to move to web interface + data base + API
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Electrical CAD design (EPLAN P8)
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Connection list XFEL_F27_002

Cross-
sectionColorTarget 1Connection Target 2 Cable Type

+BKF00042.FP-S1:14 +BKF00042.BP-X1:1 RD 2,5001 HELU.51340

+BKF00042-X100:3 +BKF00042.BP-X1:2 D-BU 2,5002 HELU.51347

+BKF00042-X100:1 +BKF00042.BP-X1:3 GNYE 2,5003 HELU.51336

+BKF00042-U1:PE +BKF00042-X100:1 GNYE 1,5004 HELU.51325

+BKF00042.FP-S1:24 +BKF00042.BP-X2:1 YE 2,5005 LAPP.4726112

+BKF00042-BC1:4 +BKF00042-X100:1 GNYE 1,5006 HELU.51322

+BKF00042-X100:1 +BKF00042.BP-X2:3 GNYE 2,5007 HELU.51336

+BKF00042-X100:3 +BKF00042.BP-X2:2 D-BU 2,5008 HELU.51347

+BKF00042-BC1:3 +BKF00042-X100:3 D-BU 1,5009 HELU.51333

+BKF00042-PM1:7' +BKF00042-X100:3 D-BU 1,5010 LAPP.4726141

+BKF00042-PM3:7' +BKF00042-X100:4 D-BU 1,5011 LAPP.4726141

+BKF00042-X100:4 +BKF00042.BP-X7:12 D-BU 0,5012 LAPP.4725141

+BKF00042-X100:4 +BKF00042.BP-X8:12 D-BU 0,5013 LAPP.4725141

+BKF00042-X100:4 +BKF00042.BP-X9:12 D-BU 0,5014 LAPP.4725141

+BKF00042-X100:6 +BKF00042.FP-S1:13 RD 2,5015 HELU.51340

+BKF00042-X100:7 +BKF00042.FP-S1:23 YE 2,5016 LAPP.4726112

+BKF00042-X100:5 +BKF00042.BP-X10:12 D-BU 0,5017 LAPP.4725141

+BKF00042-FC1:a +BKF00042-X100:6 RD 1,5018 HELU.51326

+BKF00042-FC3:a +BKF00042-X100:7 YE 1,5019 LAPP.4726111

+BKF00042-FC4:a +BKF00042-X100:7 YE 1,5020 LAPP.4726111

+BKF00042-BC1:1 +BKF00042-FC1:c RD 0,75021 HELU.51298

+BKF00042-FC1:b +BKF00042-FC2:a RD 1,5022 HELU.51326

+BKF00042-BC1:5 +BKF00042-BC1:7 D-BU 0,75023 HELU.51305

+BKF00042-BC1:6 +BKF00042-FC2:c RD 1,5024 HELU.51326

+BKF00042-FC3:c +BKF00042-PM1:3' RD 1,5025 LAPP.4726041

+BKF00042-PM1:1' +BKF00042.BP-X3:1 WH 0,75026 LAPP.4725052

+BKF00042-PM1:5' +BKF00042.BP-X3:2 BN 0,75027 LAPP.4725032

+BKF00042-PM1:7 +BKF00042.BP-X3:6 D-BU 0,5028 LAPP.4725141

+BKF00042-PM1:2' +BKF00042.BP-X3:3 GN 0,75029 LAPP.4725122

+BKF00042-PM1:3 +BKF00042.BP-X3:5 RD 0,5030 LAPP.4725041

+BKF00042-PM1:6' +BKF00042.BP-X3:4 YE 0,75031 LAPP.4725112

+BKF00042-PM1:4 +BKF00042.BP-X3:7 GN 0,5032 LAPP.4725121

+BKF00042-PM1:8 +BKF00042.BP-X3:8 GN 0,5033 LAPP.4725121

+BKF00042-PM1:4' +BKF00042-PM2:3' RD 1,5034 LAPP.4726041

+BKF00042-PM1:8' +BKF00042-PM2:7' D-BU 1,5035 LAPP.4726141

+BKF00042-PM2:1' +BKF00042.BP-X4:1 WH 0,75036 LAPP.4725052

+BKF00042-PM2:5' +BKF00042.BP-X4:2 BN 0,75037 LAPP.4725032

+BKF00042-PM2:7 +BKF00042.BP-X4:6 D-BU 0,5038 LAPP.4725141

+BKF00042-PM2:2' +BKF00042.BP-X4:3 GN 0,75039 LAPP.4725122

+BKF00042-PM2:3 +BKF00042.BP-X4:5 RD 0,5040 LAPP.4725041

+BKF00042-PM2:6' +BKF00042.BP-X4:4 YE 0,75041 LAPP.4725112

+BKF00042-PM2:4 +BKF00042.BP-X4:7 GN 0,5042 LAPP.4725121

+BKF00042-PM2:8 +BKF00042.BP-X4:8 GN 0,5043 LAPP.4725121

+BKF00042-FC4:c +BKF00042-PM3:3' RD 1,5044 LAPP.4726041

+BKF00042-PM3:1' +BKF00042.BP-X5:1 WH 0,75045 LAPP.4725052

+BKF00042-PM3:5' +BKF00042.BP-X5:2 BN 0,75046 LAPP.4725032

+BKF00042-PM3:7 +BKF00042.BP-X5:6 D-BU 0,5047 LAPP.4725141

+BKF00042-PM3:2' +BKF00042.BP-X5:3 GN 0,75048 LAPP.4725122

+BKF00042-PM3:3 +BKF00042.BP-X5:5 RD 0,5049 LAPP.4725041

+BKF00042-PM3:6' +BKF00042.BP-X5:4 YE 0,75050 LAPP.4725112

+BKF00042-PM3:4 +BKF00042.BP-X5:7 GN 0,5051 LAPP.4725121

+BKF00042-PM3:8 +BKF00042.BP-X5:8 GN 0,5052 LAPP.4725121

+BKF00042-PM3:4' +BKF00042-PM4:3' RD 1,5053 LAPP.4726041

+BKF00042-PM3:8' +BKF00042-PM4:7' D-BU 1,5054 LAPP.4726141

+BKF00042-PM4:1' +BKF00042.BP-X6:1 WH 0,75055 LAPP.4725052

+BKF00042-PM4:5' +BKF00042.BP-X6:2 BN 0,75056 LAPP.4725032

+BKF00042-PM4:7 +BKF00042.BP-X6:6 D-BU 0,5057 LAPP.4725141

+BKF00042-PM4:2' +BKF00042.BP-X6:3 GN 0,75058 LAPP.4725122

+BKF00042-PM4:3 +BKF00042.BP-X6:5 RD 0,5059 LAPP.4725041
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PLC Framework Library

Abstraction of h/w into softdevice
One equipment could be more 
than one softdevice

The PLC framework includes
All definitions of softdevices
Inter-device communication 
concepts
TCP communication to control 
system (Karabo)
General monitoring

Organized as versioned library

à On-going re-development of PLC Library
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Generic interlock example: Vacuum interlock
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PLC Project generation Electrical Design

xml

Generate
Build

Project Data
Interlock Definition

KARABO
(Control System)

PLC 

Self
description

PLCMS

PLC Framework
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Status (12/2020): Integration in Numbers

Softdevices/Equipment: 10.778

Number of Terminals: 9.528

PLC Loops / CPUs: 120

PLC Modules / crates: >587

Installed cables: 169km

MicroTCA Systems: 44

Digitizer channels: >280

Motion
24%

Digital / 
Analogue 
Outputs

14%
Digital / 

Analogue 
Inputs
44%

Pump 
controllers

8%

Others
11%

Distribution of softdevices
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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

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

VETO System, Machine 
Protection System and 

photon beam loss monitors 
from DESY

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
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On-going Integration Projects

EtherCat AMC solution for communication with the 
PLC hardware 

Uses Zynq UltraScale+ FPGA
Collaboration between XFEL and N.A.T.
Direct communication of Information (TrainID, Beam 
Modes…)
Phase synchronization of PLCs with Machine 

SIS8300 KU Integration
Update of current hardware platform 
Uses Kintex UltraScale+ FPGA

Alveo Cards (not MicroTCA)
Evaluating the platform for Machine 
Learning applications
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Standard interface in FPGA Development

MAP/XML 
Description

VHDL 
Register 
Definition

Application A:
…
“Constant Input”: Register, Read Only, 14 bits, Floating-Point, 
5 bit Fractional, “It’s just an Example”;
… 

Board and Application Module approach

Internal Interface (II) module for 
Register Definition

Information regarding CPU interface 
is defined directly in VHDL
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SHAPI Design Guide
SHAPI Design Guide version 1.0 
accepted and published on PICMG site

Includes Verilog SHAPI Reference 
implementation (Github repository)
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High Level FPGA Algorithm Development

FPGA programming is time intensive and requires 
specialists, however most applications and algorithms 
are conceptualized by users unfamiliar with FPGA 
programming. 

For the European XFEL, a high level FPGA framework 
was developed that allows for users with no prior HDL 
knowledge to develop their algorithm modules which can 
be integrated in a top VHDL project.

The FPGA should 
bend time and space 
according to 
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XFEL Simulink Environment

Simulink environment which automatically 
setups the design environment for the target 
board and available features 

Library that allows definition of registers 
and memories to communicate via the 
chosen protocol

Easy to port and distribute applications to 
other projects/boards

Integration of Matlab allows for powerful 
test environments   
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FPGA processing algorithms and interfacing standards – Signal processing

Zero Suppression Pulse Integration Peak Time Detection
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Thank You for Your Attention


