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Motivation and Outline 2

= The used standard
= Architecture

= Hardware
= Software /
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From VME to MicroTCA 3

Most cables from rear

Interne Clock & Trigger distribution
Redundant fans

Redundant power supply optional
Modern, high-speed data transfer
Excellent signal quality
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PICMG Standards “Telecom Computing Architecture”
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MicroTCA.4: Compact and Modular Design :

Cables from rear side

Space for ....
See MTCA 4.1
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MTCA.4: Clocks, Trig

Common modules

gers und Interlocks
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Timing System: Synchronization of all Subsystems
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Timing System: Versatile 10

9 Lemo outputs (50 Ohm):
Triggers, Clocks, Data
3 channels with 5ps resolution

. — x2timer /
T £ ER: NAMC-psTimer
receiver / transmitter

9 SFP outputs:
with length compensated fiber links

9 Fiber outputs (ST):
Triggers, Clocks, Data
used for modulators

FYSIKUM
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Timing System: Principle of Operation

Distributes:

= Triggers, gates, clocks (10ns ... 5ps resolution)
* Bunch information (charge, destination,...), unique ID

Transmitter
\ 1.3 GHz

Trigger Controller
‘ Data
.' - \ 50 Hz } Generatlon‘ Dela

Receiver

Fiber Cable

4 km Clock = Clock
& Data Trigger
‘ Recovery Data

Trigger

Link drift compensation:

Jitter ~10ps RMS
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XFEL Injector Operation 10

Photo Gun 2 superconducting acceleration modules (1.3 and 3.9 GHz) length: 45m

J/svn/XFEL/BeamLines/XFEL_inj seamline.xm| XFEL.DIAG,TIMER.CENTRAL/MASTER /SASE
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In operation since Dec. 2015

Implements most of the XFEL subsystems:

= Klystron, Modulator, LLRF, BPM, Toroid, Magnet, Laser, Undulator, Vacuum, Water,
Camera, Motor, Cryo, Timing, Protection, Dump, ...

= DAQ system, middle layer servers, GUI programs and tools,
> 3.3+10° control system properties online now (270 000 channels with history)
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XFEL Injector: Regelung der Hochfrequenz
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1 Klystron

drives 4 Modules
MicroTCA Crates:

2 LLRF

2 Coupler Interlocks
1 Diagnostics |
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MicroTCA Remote Manag

o @ AMC_generic.xml XFEL.CRATE/XFELMCHDI3011/AMC1/

Concurrent Te

Fri Feb 14 13:45:00 2014
M23485/016
unavailable

MMC version: 3.1

Production Date:
Serial Number:
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HOTSWAP Ejector Handle

Idegrees C| Temperatures
56.

AMC Module AM 900/412
DOOCS Adr: XFELCRATE/XFELMCHDI3011/AMC1/
Slot: 1
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FRU ID: §

Module Handle Closed |

FRU info

Ports and interfaces
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MicroTCA Crate Management View

[ JoN | SystemStatus.xml ///
DOOCS, System Status

Applications Server Status Metwork Status FLASH Timing FLASH VME FLASH uTCA MicroTCA FLASH,Lab MicroTCA XFEL AMTF

0 A % A O A o
XFELMCHXHM1 : show Schroff GmbH 12 @ = MSKMCHAMTF1 : show Schroff GmbH :
XFELMCHTIME1 : show Schroff GmbH 12 @ 1 MSKMCHAMTF2 : show ELMA Electronic G
XFELMCHLLGUN1 : show Schroff GmbH 6 1 MSKMCHAMTF3 : show Schroff GmbH J 0
XFELMCHLASERL : show Schroff GmbH 12 @ AMTFMTS3MCH : show ELMA Electronic = ShOWS a” Crates In XFEL
XFELMCHDI30I1 : show Schroff GmbH 12 @ T
XFELMCHVAC1 : show Schroff GmbH 6 AMTFMTSIMCH : show ELMA Electronic Gmilg j
XFELMCHMAG1 : show Schroff GmbH 12 @ MSKMCHAMTF39 : show Schroff GmbH 12 O
XFELMCHLLAZM : show Schroff GmbH 12 @ AMTFMTS39-MCH :
XFELMCHLLAZ2S : show Schroff GmbH 12 @ ‘
XFELMCHDI131L1 : show | Schroff GmbH 12 @ ShOWS a” MOdUleS in
XFELMCHLASER2 : show Schroff GmbH 12 @
XFELMCHLLAGM : show | schroff GmbH 12 @ selected Crate
XFELMCHILAZM : show Schroff GmbH 12 @ J
XFELMCHILAZS : show Schroff GmbH 12 @
XFELMCHDI53313 : show Schroff GmbH 12 @ -

I -
Modules in selected crate: XFEL.CRATE;XFELMCHDIBOI1; Crate Fans | Power Modules show graphlcal'
Serial: MMC version

RTMa - UTTKITOWTT TTTVATTIIDTE _TATO | W '/ \_J unavaiable 0.00 -
RTM3 - MPS-RTM1  ATP / _info | @ O O o101z 0.00
RTM2Z : RTM_Trgl Stokholm University M . O O 030 0.00
AMCG : DAMC2 Deutsches Elektronen-Synchrotron U= 3.3 Temp= 33.0 M . O O 1025 1.01
AMC2 : X2TIMER Stockholm University U= 3.3 Temp= 37.0 M . O O 0067 2.00
AMC4 : DAMC2 Deutsches Elektronen-Synchrotron U= 3.5 Temp= 35.0 M . O O 4125 2.03
AMC3 : DAMC2 Deutsches Elektronen-Synchrotron U= 33 Temp= 36.0 M . O O 40632 2.03
COOL_UNIT2:  Fanspeed= 2580 2640 3060 3060  Temp= 320  29.0 info| (D) 1s1a0s71088 44
COOLUNITL: Fanspeed= 2640 2520 2940 2940  Temp= 290 280 info| (DD s1a0sr11as 44
AMCS : DAMC2 Deutsches Elektronen-Synchrotron U= 3.6 Temp= 33.0 M . O O 4154 2.03
AMCI11: SIS8300L2 Struck Innovative Systeme GmbH U= 1.5 Temp= 56.0 info . O O 219 133 =
AMCL : AM 900/412  Concurrent Technologies u= 08 Temp= 410 info | @ O (O meaassiore 210
AMC10: SIS8300L2 Struck Innovative Systeme GmbH U= 1.5 Temp= 59.0 info . O O 218 1.33
AMCY : SIS8300 Struck Innovative Systeme GmbH U= 1.8 Temp= 45.0 info . O O 021 1.00
AMC7: DAMC2 Deutsches Elektronen-Synchrotron U= 3.5 Temp= 34.0 info . O O 1087 2.02
AMCS : SIS8300 Struck Innovative Systeme GmbH U= 1.8 Temp= 45.0 info . O O 029 1.00
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DOOCS Control System Data Flow

Physi cal Toroid Server

Device : ,
S erver Toroid 1 Toroid 2

(@] ADC DMA Server
Device :
Server Location 1 Location 1

dev Node
Linux Driver

ADC ADC
SIS8300 SIS8300

MicroTCA backplane Triggers and Clocks
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DOOCS Data Acquisition System

Orbit Energy
Server Server

Buffer Manager
Fast Collector

Feedback
Server

Shared Memory

Slow
Collector

Configuration
Controller

Multicast to several DAQ
DAQ instances

Toroid Server

Toroid 1 m
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Analyze all Shots with Bunch Resolution

File Parameters Events Options

Data Show
Filters Conversion

DAQ channel FLASH.RF/LLRF.CONTROLLER.DAQ/8PORT.GUN

8600

Figure 1

File Edit View

Insert Tools

Desktop Window Help

s Ddades b A9 EHA
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2.1
2.0
Jddd: GUI editor
1.8 .
1.7
16 \W 000 DAQ_ACCx_coupler.xm
15 Coupler Interlocks ACC4 Klystron KLY4
14 €1, €3, €5, C7 Interlocks €2, C4, C6, C8 Interlocks
= =T 2ACT IO 7] [ CI_ZACCAIETGa5]
1.2 T70K PT1000 7 [- St AcaamioTo 7] T70K PTLO00 8 EAccana ot |
=11 T300K IR Win 7 L accain [ T300K IR win 8 | = 0 _8.ACCH/D 60715
10 - — -
e- Coupler 7 e- Coupler 8
0.9 ey | 1 i m
0.8 7 - - - Sparkdetector 8 - - -
0.7 6 h 10 h 14 h 18 h 8.9 10. 9. 12.9. 16. 9. 18. 9.
- 8.9.2009 8.9.2009 8.9.2009 8.9.2009 2009 2009 2009 2009 2009
L (A Klystron_in/out, actual and from DAQ (My/m] Probe, C1 actual + C1-8 from DAQ
05 10 T e o =
L R
0.4 8n0o DAQ: set actual event 20
0.3 Memo 15
Time range in cache:
0.2 08-Sep-2009 12:58:44.000 08-Sep-2009 12:58:54.000 10
0.1
5.0
0.0
0 250 500 750 1,000 1,250 1,500 Actual T: 08-Sep-2009 12:58:48.000 EventNo: 83398125 E | o . ; . .
2500 0.000 500.0 1000 1500 2000 2501
usec
|5 Co.AMPLTD O CLAMPL.TD © C2.AMPLTD  C3.AMPL.TD O C4.AMPL.TD ' C5.AMPLTD ! C6.AMPLTD Cortdaip) e dectedCllactual LIS BIRomIDAT)
18-Nov-2015 17205:!‘]1'8-Nov-2015 17:05:49_909( : 101563362 Ulﬂ-Nnv-
<< | < Go ...
Status: Events:199 (99.5% connect: 1 s data: 12 s) Memory free/total/max: 725.832/950.53 .
DAQ GUI e bl
0.000 500.0 1000 1500 2000 2500 0.000 500.0 1000 1500 2000 2501
v Coupler Light v Coupler e-
[ 1Mn oupler Ligl v o0 oupler e
0.30 =0
4.0
3.0
20
10
" o A N
-0.10 T T T T -L0 T T T T
0.000 500.0 1000 1500 2000 2500 0.000 500.0 1000 1500 2000 2500

MATLAB

Orbit
Server

Buffer

Other
Server

Energy
Server

anager

Shared Memory

Slow

Fast Collector
Collector
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DAQ Maintenance Panel

0@

dag_status.xml TTF2.DAQMY

(Example: FLASH)

FLASH MAIN DAQ Disk Cache Copy and dCache

Sate: _L‘ State: e
Eventbuilder Writer Status. Files copied: 17820
Time expired: 30
Procedures Eventbuilder
fspace/POOL 7169 TB free
DNRSEORE s EONRCRRURT RN RORI o2 detanasnLNAC 7169 TB fee
_ Stream: main gmd_data stream_3 stream_4 stream_5 stream_6 snapshot
Experiment: linac GMD_DATA... MAGE_DATA EOS_THz BAMDIAG  linac_slow snapshot
Events: B9984T78 2936200 4983 4983 4983 52808 o
Run Control DAQ ML Server
State: _ ] BLM ML Server 862139 3464 Photonflux Server B648I9 55
SE 12196 Toroid ML Server B65683 26 GMD Provider Server 864803 0
Orbit ML Server 831509 0 Photonenergy Server T6B333 5
Run Mode: Real
Charge ML Server 141924 0 Photonwavelength Server 547351 85
Processes: 1
Sample Rate: 1000 Beam Power Server B65730 1 THZ ML Server 865340 10
Energy ML Server B61644 1261 Pass Server B65645 8
(LT T TRiEER FL1Long. Feedback 786229 382 Beam Profile MeasuremenI69877 2268
Experiment Run Control T FLZ Long. Feedback 140152 100 BCM MLServer 865695 16
Slow LOLA Feedback 0 ] BLM HLC Server 865182 511
_ _ LLRF_ML_EnergyGain 142508 2 SASE Statistics Server 864643 315
_ _ Energy from Dipole 865729 2
DAQ FSM Distributor Snapshot ML
Stream: DAQ.LINAC  DAG.STREAM.2 DAQ.STREAM.3 DAQ.STREAM.4 DAQ.STREAMS DAQ.STREAME  DAQ LINAC
sate:  [NRONEN e [RUNRUN RO RO RONINRONIN wmavzeo
Processes: 40 Events: 1102650 2836203 48983 4983 4983 52808 1
Slow Collector Fast Collector
Stream: Normal BANM (BL1 BAM ML (BL3 WS Image
State _ State:
Events: 42843 Events: B65723 865349 B50384 0 1069268 Toroid Loss Rate @ FLASH.DIAGTOROID/TORS 0.00 %
| Connecﬁonsl Connectionsl Connections I Connections | Connections| Toroid Loss Rate @ FLASH DIAGTOROID/ 2EXP 0.00 %

Storage
Streams

Attached
Processes

Data
Collectors

Distributed
Front-ends
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Summary 20

» PICMG Standard
= Started 2009 - MTCA.4 published 2011

» Q2 2016: MTCA.4.1 extensions

= Other projects can benefit from the standard
= XFEL fast Diagnostics and Controls platform is 1/TGA
= Final installation > 200 MicroTCA.4 Crates
= Injector is fully operational since Dec. 2015
= Linac cool-down will start Oct. 2016

m Critical Hardware and Software is successful in operation

Kay Rehlich, DESY June 6 2016, Real Time Conference ?‘%1 d " AssociaTion



Thank you!

More info: doocs.desy.de
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