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1. ActivitiesSummary 2019 –2022
-Processing Platform

-High IntensityProton AcceleratorHIPA

-SLS

-SwissFEL

-Proscan

2. Outlook
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ÅPSI electronicsmgmt. boardselectedin 2020:

-CompactPCI-serialasthe newstandard

supportedbusplatform in casea busrequired.

-XilinxZynqUltrascale+ MPSoCasstandard

type FPGA + embeddedCPU processingsys.

ÅConclusions

-Wedo not aimto copyMTCA.4 ςfor LLRF it

meanswe keepseperatedRF frontend crates.

-Ableto keepexistingADC FMCs
(with adaptedHwrevisionfor lower FPGA IO voltages)

-What isnot availableasCOTS hasto be

developedin-house, namelyFPGA carrier, rear-

IO module(with LLRF DAC) or other generic

communicationor IO modules.

-3U frontpanelis limitingĄ occupy2 slots.

Activities Summary: Processing Platform
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Current:

Å VME 6U dual FMC 

carrierboard

Å Mainlyusedin 

SwissFEL

New:

Å CompactPCI-

serial 3U FMC+ 

carrierboard

Å Tobe usedin  

SLS-нΣ Χ

IFC1210, IOxOS Technologies COTS product

CPSI_UFC, PSI internal product
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ÇOperatedsince1974 (Ring Cyclotron)

ÇOperation & Maintenance of old RF stations (analogue LLRF)

ÇPreparation and tests for Injector Cyclotron RF upgrade at the cavity test place

HIPA
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Maintenance / consolidation

ÅCavityresonancetuning: replacementof 3x 

VME-USB bridge+ WinXPPC with VME IOC.

Injector 2 RF upgradespreparation

ÅCompletionof the LLRF functionalityin 

FPGA, softwareandcontrolsintegration.
Difficulties:

-Manyiterationswere/arerequired. Working in 

distributedteams, matrixandCovidremote work

not easy.

-WeakVME CPU (P2020) ςlimited network traffic

Ą limited display/ archiving.

ÅNew LLRF system+ real resonatorin the

test bunker, but there onlyon low power 

mode.

Activities Summary: HIPA Proton Accelerator
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Fig.: Inj. 2 resonator4 in test bunker
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ÇOperatedsince2001

ÇSLS-1: Operation & Maintenance (analogue LLRF)

ÇPlanning and developments for SLS 2.0 upgrade (Oct. 23 –Dec. 24)

SLS
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SLS-1 (operation, maintenance, consolidation)

Å2x Linac 3 Hz/S-band klystronsgot a

LLRF upgrade from

motorizedphase

shiftersto dig. LLRF

SwissFEL type.

ÅAnalog 500 MHz LLRF: Loose RF 

connections(N, SMA) maygenerate

phasejumps.

Č Systematicallycheck connections.

Activities Summary: SLS Swiss Light Source
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SLS-2 (preparations)

ÅLLRF systemrequirements

engineeringandreviewwith

all stakeholdersdone. (74 pages)

ÅNew type motor controller(EtherCAT, 

ecmc) for resonancetuningof old and

newtype of cavities.

Č Testedat old type Elettra cavity.

ÅBooster / test stand: Preparationsfor

replacementof old with newdig. LLRF.

ÅDevelopment of hardware, firmware, 

softwareandcontrolsintegrationof

newdig. LLRF.

Fig.: 8ch LLRF 

frontend

prototype

Fig.: old phaseshifters newdig. LLRF
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SwissFEL:

ÇAramisoperatedsince2016

ÇAthos operatedsince2020

ÇX-band deflector since2022

ÇMaintenance & Operation [Consolidationto 100 Hz 2-bunch op.]

SwissFEL RF Teststand:

ÇC-band Klystron operatedsince2020

(on RF load)

SwissFEL

RF Teststand
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ÅConsolidationfor the 100 Hz 2-bunch operation

ÅStabilitystudies: Find sourcesof jitters or drifts : [temp., VM, pre-amp, klystronΣ Χϐ

ÅLLRF failuresthat cancreatedowntime:
-Minor hw failures: E.g. analog power supply.

-LLRF systemstalled: Noreaction, crashed. Reasonsomewherein Linux? ĄReboot.

-LLRF wrongbehavior: E.g. automationstuck due to raceconditionor network issue.

ÅUpdated / consolidatedthe RF faults

analysistool: Betterquery, better disp.
Principle: CyclicqueryControls archiverandstorefaults

in extra DB to allow fast andflexible queriesandplots.

LLRF consolidationsummary:

ÅFirmware consolidation: New

triggerraceconditionhandling+corr.

ÅNew referencetrackingassignmentof ch.

ÅNew slowKlystron HVPS feedbackfor saturationoperation.

ÅNew LUT basedoperationpoint det.

ÅArchiver: # of LLRF channelsreduced: 492k –177k = 315k  (-177k = staticsettingsof LLRF)

Activities Summary: SwissFEL
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List

Query input

Graphs:

X-axis: Time or stations

Y-axis: # of eventsor duration
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ÅKey features& changescomparedto other RF stations:

-New type directconversionX-band LLRF frontend(16ch)

-New type klystronmodulator(PSI in-house)

ÅDifficulties/ Problems:

-High-power directionalcouplersneedpreciseterminationfor gooddirectivity.

-Driftsandpulse-to-pulse jitters. [Unterstand, remove. See also posterX-band LLRF fronted]

-LLRF driveFF tablesvia ILC to get stableA/Phresponses.

Activities Summary: SwissFEL ïNew X-band defl.
Started RF conditioning April 2022, in usesince May 2022
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Proscanis the acceleratorfacility usedfor the cancertherapy centre (CPT)

ÇOperatedsince2005 with a standalonecyclotron

ÇOperation & Maintenance (analogue LLRF)

Proscan
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HIPA

Focus:

ÅOperation, maintenance

ÅInjector2 RF upgrades

Next upgrades:

ÅHigh power test stand 

with LLRF prototype.

ÅInjector 2 Resonator 2 + 

new LLRF commissioning

for beam operation 2023.

2. Outlook

Page 12

SLS

Focus:

ÅOperation, maintenance

ÅSLS-2 preparations

Next Upgrades:

Å500 MHz (power) test

stand with SLS-2 LLRF 

prototype, usedfor

conditioningof new

cavities+ automationsw.

SwissFEL

Focus:

ÅOperation, maintenance, 

consolidation.

Next Upgrades:

ÅS-band LLRF for the P3 

experimentfor FCC.

ÅTest stand: Install new

C-band RF gun.

Energysavingsare required !

Low Level RF only test stand with real (old/spare) cavities

Cavitysimulator(SW cavity)

LLRF test automationframeworkfor dig. type [[wCΩǎ
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Wir schaffen Wissenïheute für morgen

My thanks go to

Åall colleagues who 

helped to maintain, 

operate, debug, 

improve or develop 

the PSI Low Level RF 

systems.


