Digital LLRF Operation using MicroTCA at ELBE
K. Zenker, R. Steinbriick, M. Kuntzsch noR
ﬁHELMHOLTZ

DESY: C. Gimis, M. Hierholzer, S. Pfeiffer, C. Schmidt |ZENTRUMDRESDEN

ROSSENDORF




Introduction

Digital Low Level RF (LLRF) at ELBE

System integration

System Performance

Summary/Outlook

Page 1/11

Klaus Zenker | Institute

(g P2 o]




ELBE — Center for high power radiation sources

Infrared Neutrons
:;uhmgh—n;m 5 - 230 pm 0 - 30 MeV

(optical aboratories D =
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Bremsstrahlung | | Positrons

0 - 17 MeV 0.2 — 30 keV puorsst P
Characteristic: Example beam parameter:
m Multi-source facility m Beam energy: 8 MeV — 40 MeV

m Pulsed and CW mode m Average beam current: 1600 pA
(g V2™ ]

operation




Accelerator
thermionic NRF-Buncher NRF-Buncher superconducting superconducting
DC-gun (260 MHz) (1.3GHz) linear accelerator 1 linear accelerator 2

superconducting '
RF-gun -
SSPA
SRF-Gun 2x10kW  2x10 kW 2x10kW  2x10 kW




Accelerator
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Micro pulse rate:
100 kHz — 26 MHz

thermionic gun bunch spacing
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Accelerator
thermionic NRF-Buncher NRF-Buncher superconducting superconducting
DC-gun (260 MHz) (1.3GHz) linear accelerator 1 linear accelerator 2

A =262nm
Plaser =1W

superconducting

RF-gun

m RF power: 1 SSPA (10 kW)
m 3.5 TESLA cells
m Mg/CsyTe photo cathode

m Bunch charge up to 200 pC -
(potentially 1nC)

= See talk by J. Schaber R
(ARD Session V) meoR
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" Digital Low Level RF (LLRF) at ELBE

What is a LLRF?

Controller that stabilizes the RF field inside a cavity.
A Q

This means to control:

m Amplitude t 1

m Phase ]

Motivation for the digital LLRF: Challenge:

m Improve diagnostics m Single cavity control

m Longitudinal beam based m CW and pulsed mode operation
feedback = We develop a universal

m Flexibility of the system solution applicable to other

machines like MESA,
TARLA,. .. (g Pa™

m Improve stability




Universal implementation of the dLLRF

Site specific

V'Vln(};CM | Human machine interfacel

Ethernet

CTK Controlsystem adapter
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LLRF CTK application
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LLRF Firmware | p]'ﬂﬂ®
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Universal implementation of the dLLRF

Site specific

V,VanWCM | Human machine interfacel
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Universal implementation of the dLLRF

Site specific
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control system studio
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Universal implementation of the dLLRF

Site specific

WinCC” | Human machine interfacel
/
Ethernet |||||

CTK Controlsystem adapter
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uTCA®

Universal
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Integration into ELBE infrastructure
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™ ELBE operation with dLLRF

What changed with the dLLRF in operation at ELBE?
m Look and feel did not change for operators
m More diagnostics improve beam tuning

Example:

m Phase tuning of the buncher
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- Out of loop measurement of Amplitude
Modulation and Phase Noise

Out of loop: Measurement of the probe signal with respect to the
internal reference of the signal source analyser.

MO

O—p—

1.3GHz

LLRF

controller

4

\

SSA
PN [AM
@ 1.3GHz

R&S FSWP8

Absolute noise measurement

SSPA

m Includes all noise sources in the control loop

= MO is the dominant noise source below 10 Hz (g PAS



https://www.rohde-schwarz.com/de/applikationen/1-mhz-bis-50-ghz-phasenrauschmessplatz-mit-direkter-abwaertsmischung-und-kreuzkorrelation-application-card_56279-231872.html?rusprivacypolicy=1

- Noise measurements for a 1.3 GHz SRF cavity
Absolute noise measurement with p-controller and Notch filter

Amplitude: Phase:
—— dLLRF - C4 (gain 80, 6x avg) 604 —— dLLRF - C4 (gain 80, 6x avg),
-100 4 —— dLLRF - C4 (gain 60, 6x avg) —— dLLRF - C4 (gain 60, 6x avg)|
aLLRF - C4 ——alLLRF - C4
80
120 ¥
¥ S -100
3 g
A kA
s 140 g 1201
Z - Ampl. Stability A Jitter
Int.:10 Hz — 1 MHz 1409 Int.: 10Hz = 1MHz
1604 dLLRF: 0.0024 % 1604 dLLRF: 25.3fs RMS
alLLRF: 0.0042 % aLLRF: 25.5fs RMS
-180 . . ; ; | -180 T T T T |
10 100 1k 10k 100k M 10 100 Tk 10k 100k ™

Frequency [Hz] Frequency [Hz]

Controller performance:
m Phase noise of dLLRF is similar to aLLRF phase noise

m Amplitude modulation of dLLRF is reduced by about 10dB
(g V2™ ]
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Summary

Digital low level RF at ELBE:
V' Integration into machine protection system
v Integration into HMI (WinCC)

v Controller design for all super conducting RF cavities and the
normal conducting buncher cavities

v Digital LLRF in user operation

m Performance of the digital LLRF is comparable to the analogue
LLRF

m Short development cycles thanks to our collaborators at DESY
(LLRF Server+Firmware) and TUD/IOSB (OPC-UA)
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puTCA.4 Crate

ICT

pTCA.4 Crate

UA

LLRF Diagnostics
T Low latency link Feed baCk
Offset Controller

1

Beam based feedback:
m Diagnostic crate design and firmware
m ChimeraTK diagnostics application
m Feedback controller
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.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




.Components of the digital LLRF at ELBE

Hardware:

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

LLRF pTCA crate
m UniLOGM: 8xLO

(1.3 GHz+541/6 MHz), 8xCLK
(65 MHz), 8xREF (1.3 GHz))

DS8VM1
DWC8VM1

Software:

Fujitsu RX2560 M2

rlpae switch| Fujitsu RX2540 M4 (backup/te

;2 = | E § § < m Firmware for struck boards = LLRF
= E g Z %’ % controller (adopted for cw operation in
% a3 3 collaboration with DESY)
Ei Dol ] b ] ) O] Ix m Control software for the LLRF =
optical link ChimeraTK (together with DESY)
[ RTM module m Adapter for ChimeraTK that is
[ AMC module compatible with WinCC = OPC-UA

Adapter (TU Dresden, now 0SB
Karlsruhe) (g 2™ o]




LLRF controller

[Chr. Schmidt]

owesvm| O Remote contollable o 51S8300-L2

m Per cavity/buncher: forward, reflected, probe, reference are sampled

m Control loop is based on vector sum signal = probe signal
m Remote control and DAQ via ChimeraTK LLRF server (developed at
DESY)
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