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ELBE — Center for high power radiation sources
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Analogue LLRF

Single cavity control:

>

m Separate amplitude
and phase controller

MTCA.4 based LLRF

Single cavity control:
m Based on real and imaginary
component of the field vector
m MIMO controller for:
m /-Q decoupling
m Pass band mode suppressionl




.Why replacing the analogue with a digital LLRF?

Analogue LLRF:

m Components are partly not available anymore /
will not be available in future

m The system can not cover 360° for phase shift

Digital LLRF:
m Improves diagnostics

m Improves phase and amplitude stability (at least
long term)

m Allows implementation of a longitudinal beam
based feedback system

m Based on MTCA and ChimeraTK




.Components of the digital LLRF at ELBE

Hardware:
m Master oscillator: 1.3 GHz (REF),
’ LLRF pTCA crate (backup/testing) 260 MHZ (REF)' 78 MHZ (CLK)

LLRF pTCA crate

m UniLOGM: 8xLO
(1.3 GHz+541/6 MHz), 8 xCLK

(backup/testing)
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optial ink ChimeraTK (together with DESY)
] Rear Transition Module (RTM) m Adapter for ChimeraTK that is
[] Advanced Mezzanine Card (AMC) compatible with WinCC = OPC-UA
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Integration into ELBE infrastructure
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R Contributions to ChimeraTK

DeviceAccess-Modbus

m SSPA control
DeviceAccess-1wire

m Temperature and humidity control (LLRF long term drift correlation)
Watchdog

m System monitoring including LLRF Server Application control
Server based history
ROOT based long term DAQ buffer

= see also talk by Martin Killenberg

ChimeraTK benefits

All these developments are applicable at other facilities (TARLA, MESA,
..) out of the box independent of their control system!

(g P2 o]




Watchdog

|2 SUAC Panel Watchiog - === SUAC PanclVinchdog (Sl
Watchdog Sever | Setup | Server Time [WT22018 285050 ] G evens[lT | vacents[me Viotchiog Sever | setup | server Tme /09072230 | Ve[|
Ssem | Watchdop | - vam | o2 | cancor | AL | cazncar | LAz | szumes | EnS o | mioDAQ Sy | achaog | e | ma-vens | R0 | uamcs | uazacon [ LAzRas [ atmer | o | meooa
‘System uptime: 4 doy 7h 3 min 4 s Serverstarttime: 2018-Nov-301412:44

ss086
Runtime: e Storttime: ie-Sepitozsis LARCO nable PID:
Total CPUusage: 13 % Loglest | WARNING >

[=

Swap usage: [BWT] saat  [TELS6I Tanemie 006 851 ®»
-
sdel 8435 I
Color code: red (off << (server) blue (dummy) 013y (custom) 150
U emeny ~ Sural Stopall EES

- 26/0918 26/09/18 26/09/18 26/09/18 26/18/18 26/09/18 26/09718 26/0018  26/09/18
—

muven [

aRan [

ke |
vara [
me 77
100000 110000 120000 130000 140000 150000 160000 170000 164000 194000 200000 2100402194 0305 905 0906 086 o7 " oo
e w90 90 WA BMAS WA MO9A 09N 26098
Command it seTorgersweam:
@ [ Memory | Lo | Newwor ‘

| [ owera
Letmiose [N ] togte

R

L3 minutes [/ Logtie Tai [LEEUs wAranat. sinvmmx Sep-04 05.15.3 0879 LALRCDL - Process Rming. . Proees  nt i B
e
e e e T e

Sysam osd

s mastis B
Gt .m/m/mmnnus;mymm,kcmmr.nsm,,.mwmr,.,...,m,:

T enge| Mani mose st
T 150000 1900 0000 210000 21463 e

LG 10000 b0 130000 b 150000 160000

(g 2™ o]

Klaus Zenker | Institute of Radiati

n Physics | hnp //www hzdr.de



Performance of the LLRF server host
System parameter:

m 2 x 14 cores (56 threads)

= 64GB RAM (ECC)

m Fujitsu Server tools (mail alert, iRMC)
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Performance of the LLRF server host
System parameter:

m 2 x 14 cores (56 threads)

= 64 GB RAM (ECC)

m Fujitsu Server tools (mail alert, iRMC)
m NPCIEx8-Opt-QSFP-UPLINK (8 lanes,

/

[NPCIEx8-OptQSFP-UPLINK manual]
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™ LLRF controller design

Characteristics of the MIMO controller:
m Infinite impulse response filter of 2nd order
= 10 parameters per cavity/buncher to be fixed

m Used to:

m Decouple | and Q
m Avoid passband mode excitations (7/97 mode and 8/97 mode)
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LLRF controller design

Characteristics of the MIMO controller:
m Infinite impulse response filter of 2nd order

= 10 parameters per cavity/buncher to be fixed
m Used to:
m Decouple | and Q
m Avoid passband mode excitations (7/97 mode and 8/97 mode)

Procedure:
m System identification using system excitations optimized to study
the system characteristics (e.g. identify pass band modes)
m Model building based on the system characteristics

m Deriving of the MIMO controller parameters from the model
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™ LLRF controller design

Characteristics of the MIMO controller:
m Infinite impulse response filter of 2nd order
= 10 parameters per cavity/buncher to be fixed
m Used to:

m Decouple | and Q
m Avoid passband mode excitations (7/97 mode and 8/97 mode)

Procedure:

m System identification using system excitations optimized to study
the system characteristics (e.g. identify pass band modes)

m Model building based on the system characteristics
m Deriving of the MIMO controller parameters from the model

Performance:

m Out-of-loop noise measurement (Signal Source Analyser)
m Jitter (10 Hz-10 MHz): 26fs (digital LLRF), 36fs (analogu.el_il_‘LE#




Summary

Parallel operation of analogue and digital LLRF
Integration into machine protection system
Integration into HMI (WinCC)

Controller design for all supercunducting RF cavities and the normal
conducting buncher cavities

SNIENENEN

m Short development cycles thanks to our collaborators at DESY
(LLRF Server+Firmware) and TUD/IOSB (OPC-UA)

m Goal: User operation end of 2018
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ICT

puTCA.4 Crate puTCA.4 Crate
LLRF Diagnostics
T Low latency link Feed baCk
Offset Controller

UA 1

Beam based feedback:
m Diagnostic crate design and firmware (DMCS t6dz)
m ChimeraTK diagnostics application (HZDR)
m Feedback controller (HZDR) (g PA®
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