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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

0 Start of construction in 2009

0 Start of user operation in
September 2017

! Construction costs: 1.25 billion €

"

Aerial view of the Schenefeld research campus from 9 September 202

“2 Annual budget: about 140 million €

= More than 500 employees from over 60 countries e i

% The world’s largest and strongest X-ray laser
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Beamline layout and experiment stations
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Experimental Hall
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What has to be controlled: motion, vacuum, temperature, power, protection,...

~
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PLC systems — simplified overview

B Programmable Logic Controller PLC Terminals (i.e. digital input) PLC Crate
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PLC systems — CPUs, Power and Cooling

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

~

1:2.5
AUSFUHRUNG *E

TDK Lambda HFE Supply
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Example of installed PLC systems
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Component Requirement Document (CRD) — the starting point

COMPONENT REQUIREMENT DOCUMENT

—
European
Summary
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Revisions

1 28.03.19
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3 23.05.2019

AB

NC

NC /IR

DAQ and Control Systems

Equipment overview
Mentlon the type and the number of the equipment you need.

AN availoble equipment types can be found In this Ast.
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Electrical CAD design (EPLAN P8)
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PLC Framework Library
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" Organized as versioned library

IS B 0 European XFEL - On-going re-development of PLC Library
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Generic interlock example: Vacuum interlock

2 SA3_XTD10_VAC/VALVE/V30930G I

3

4 Conditions  Signal Source (Device.Parameter) Operator (optional)  Signal Source (Device.Parameter)(optional ) Operator  Limit Hysteresis (optional ) Filter time(ms)(optional )
5 cl SA3_XTD10_VAC/DCTRL/VS30080.state.value EQOp FALSE

6 c2 SA3_XTD10_VAC/DCTRL/VS30090.state.value f 'EQOp FALSE

7 c3 SA3_XTD10_VAC/DCTRL/VS30100.state.value f 'EQOp FALSE

8 c4 SA3_XTD10_VAC/DCTRL/VS30110.state.value f 'EQOp FALSE

Actions Logic i Latch Lock Toggle Comment
40 al clorc2orc3orcd CClose no no
a1 a2 f r r
L4 L4 L4
42 a3

SASE3 Vacuum Sections VS30090 and VS30100

3204 m 3205 m 3217 m

. Dk ke s oumror ]

V30920G V30930G |

Close P304601 Close P304701 P304801 P304901 Close

4.1e-09 mba 1.8¢-07 mbar|| 2.3e-08 mbar] [3.3e-00 mbar]
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PLC Project generation

Project Data

Interlock Definition

Dr. Patrick GeBler, Head Electronic and Electrical Engineering, SEI Tagung 2023, 19" April 2023

PLC Framework

BECKHOFF Q
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European XFEL
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Status (12/2020): Integration in Numbers

Distribution of softdevices
Softdevices/Equipment: 10.778

Others

Number of Terminals: 9.528 1%
Pump Motion

controllers 24%

I

L

" PLC Loops / CPUs: 120 8%
L

PLC Modules / crates: >587

e |nstalled cables: 169km

% MicroTCA Systems: 44

m Digitizer channels: >280
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General MicroTCA Infrastructure

MicroTCA Crates X2Timer DAMC2
Large 12 slot 9U and XFEL Timing System Required for Clock & Control
small 6 slot 2U module for system for fast 2D detectors,
(including MCH, Power synchronization (clocks VETO System, Machine
Supply and CPU) and triggers) and pulse Protection System and
parameters from NAT photon beam loss monitors
from DESY

I B % European XFEL

SI1S8300

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

0 EtherCat AMC solution for communication with the

PLC hardware

B Uses Zynq UltraScale+ FPGA

B8 Collaboration between XFEL and N.A.T.

B8 Direct communication of Information (TrainlD, Beam

Modes...)
B Phase synchronization of PLCs with Machine

= SIS8300 KU Integration
B Update of current hardware platform

I Uses Kintex UltraScale+ FPGA

= Alveo Cards (not MicroTCA) .
B Evaluating the platform for Machine J
Learning applications - L

I B % European XFEL
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Standard interface in FPGA Development

BoalidiViedlle

PCle to “ PCle to Internal I
CPU Interface Bridge

1 Board and Application Module approach

= Internal Interface (lI) module for

Register Definition
B Information regarding CPU interface

is defined directly in VHDL

Ap{;@ﬂﬂ@@ﬁﬂ@ﬁn Module

Internal Interface

Appllcatlon A Application B Application C

Internal Interface Bus

MNicroTCHY

PICMG® Specification MTCA.4 R 1.0 D0.9

Standard Hardware API Design Guide o ST
Version 1.0 o v

ForMambar Aeraw Ondy - o ot Clam Complence o lsaibuss This VH D L
Register
Definition |

fv)  LTCA® |

Open Modular
Computing Specifications

MAP/XML OJ .J AJ

I B 7 European XFEL Descri ptiOn
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SHAPI Design Guide

SHAPI Design Guide version 1.0

L] ] % o P iy
accepted and published on PICMG site ,7gge =ittt o

Includes Verilog SHAPI Reference
implementation (Github repository)

NicroTCHY

PICMG® Specification MTCA.4 R 1.0 D0.9

Standard Hardware API Design Guide
Version 1.0

Guideline for designing Hardware Access APIs for MTCA.4 Systems
November 30, 2016

For Member Review Only - Do Not Claim Compliance to or Distribute This
Draft Specification

N\

L7
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(\ Join Purchase Specifications Member Login

Open Modular

PICMG o sndarss | seorcn |
\ OPEN STANDARDS PRODUCT SHOWCASE RESOURCES MEMBERSHIP ABOUTPICMG WHAT’S NEW
. 2

MicroTCA® Overview

MicroTCA® is a modular, open standard for building high performance
switched fabric computer systems in a small form factor. At its core are

ferent AMC’s are commercially available. MicroTCA systems are both

physically smaller and less expensive than AdvancedTCA systems, al-

though their internal architectures are largely the same. MicroTCA was

originally intended for smaller telecom systems at the edge of the net-
work but has moved into many non-telecom licati with dardized, r dized versions
becoming popular in mobile, military, telemetry, data acquisition, and avionics applications. These
versions are described below.

The core specification, MTCA.0, defines the basic system, including backplane, card cage, cooling, power, and management. A variety of different
sized AMC modaules are supported, allowing the system designer to use as much or as little computing and 1/0 as necessary. Subsidiary specifica-
tions (MTCA.1, MTCA.2, MTCA.3 and MTCA.4) define more ruggedized versions specifically suited for mil/aero and other demanding physical envi-
ronments. These designs have been verified through thorough rigorous environmental testing and the test reports are available.

Because of its modularity and flexibility, the MicroTCA standards are well-suited for a wide range of applications, including industrial control and
automation, test & measurement, mobile and fixed mil/aero, avionics, traffic control and transportation, and telecom.

SHORT FORM SPECIFICATION >

Key Benefits and Features

« Provides computer architecture consistent with Modular Open Systems Approach (MOSA) principles for reduced life cycle costs

 Defines fully redundant and dund ludi

system power budgeting and hot: p

o Defines C and system

that allow failure detection and isolation (enhanced hardware platform management).

Family of Specifications

» MicroTCA Enhancements for Rear 1/0 and Precision Timing (MTCA.4)
» Hardened Conduction Cooled MicroTCA (MTCA.3)

» Hardened Air Cooled MicroTCA (MTCA.2)

» Air Cooled Rugged MicroTCA (MTCA.1)

» MicroTCA (MTCA.0)

» MicroTCA Standard Process Model Design Guide

» MicroTCA Standard Device Model Design Guide

» MicroTCA PCI Express Hot Plug Design Guide

¥ MicroTCA Standard Hardware API Design Guide

A

Open Modular
Computing Specifications

European XFEL

PICMGH# NAME CURRENTREVISION  DATE DESCRIPTION

MTCA_DG.1  MicroTCA Standard 1.0 January  This guideline defines the function and usage for a Stan-
Hardware API Design 9,2017 dard Hardware API especially for, but not limited to, use in
Guide B MTCA 4 applications.
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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.

I European XFEL

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

Internal Interface Bus

PCle to
CPU

<4

Internal Interface

PCle to Internal
Interface Bridge

Simulink environment which automatically | MATLAB
setups the design environment for the target Appl ﬁ@@ﬁﬁ@n Module | SSIMULINK
board and available features nteral Interface 8u5>  Internal Interface
Library that allows definition of registers % %
and memories to communicate via the prplation Applicaton®
chosen protocol g i
e =
Easy to port and distribute applications to w_j_;.&:f" 2 B ; | Sl
other projects/boards i—--?"“-:?; e ¥ 11 {
Integration of Matlab allows for powerful Emm T L
test environments o e =
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FPGA processing algorithms and interfacing standards — Signal processing

Zero Suppression

L J | European XFEL

Pulse Period

) Baseline

i;&fﬂ'diiﬁ

Y B R B

=000 Number
of pulses

Pulse Stretcher RTM
= 10 SMA Connectors FWHM = 92.59ns
Bandwidth = 12MHz
2 Direct channels
8 Stretched channels | | ====== >
= Configurable DC Output
Open/+1.2V/-1.2V

Pulse Integration

Linear interpolation
at the zero crossing

Peak Time Detection
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Thank You for Your Attention
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