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Overview of ILC Pisa ActivitiesOverview of ILC Pisa Activities
vvR&Ds:R&Ds:

ØØ Cryomodule MechanicsCryomodule Mechanics
ØØ Control ElectronicsControl Electronics
ØØ Main Linac  RF  Klystron Main Linac  RF  Klystron 

Modulators and related PSsModulators and related PSs

vvCollaborations:Collaborations:
ØØ FermilabFermilab
ØØ JINR (Dubna) JINR (Dubna) 
ØØ Universita’ di Pisa Universita’ di Pisa & & Scuola Scuola 

Superiore S. Anna Superiore S. Anna 
Department of Mechanic Department of Mechanic 
and  Electronicsand  Electronics

ØØ Universita’ di Universita’ di CassinoCassino
DAEIMI  DAEIMI  
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(MoU  (MoU  FNAL/Cassino Univ.)FNAL/Cassino Univ.)

TiTi--SSSS NbNb--SSSS

Piezo DriverPiezo Driver



Cryomodule MechanicsCryomodule Mechanics

3/11

vv BiBi--metallicTransitions by Explosion Welding metallicTransitions by Explosion Welding 
(Production at JINR/Dubna, test in Pisa & FNAL):(Production at JINR/Dubna, test in Pisa & FNAL):

ØØTiTi--SS TubesSS Tubes::
Produced and tested (leak tightness) in several Produced and tested (leak tightness) in several 
amounts and proved to work;amounts and proved to work;

ØØNbNb--SS (tube to flange transitons)SS (tube to flange transitons)
Recently produced;Recently produced;
The first tests in Pisa, at LN2 temperatures, are very The first tests in Pisa, at LN2 temperatures, are very 
encouraging; encouraging; 

vv CavityCavity--beam pipe connectionsbeam pipe connections
ØØSuccessful test (leak tightness/no particulate emission) Successful test (leak tightness/no particulate emission) 

of custom of custom HelicoflexHelicoflex with with quick chain clamp connection quick chain clamp connection 
systemsystem..
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The The NbNb--SS Transition Test SS Transition Test at at PISAPISA
vv The NbThe Nb--SS transitions have been tested after thermal cycles in LN2; SS transitions have been tested after thermal cycles in LN2; 
vv No leaks were found over a background of 3No leaks were found over a background of 3⋅⋅⋅⋅⋅⋅⋅⋅1010--1010 mbar mbar ⋅⋅⋅⋅⋅⋅⋅⋅ l/s.l/s.
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Nb tubeNb tube
SS Flange to the He VesselSS Flange to the He Vessel



Low Low Cost Driver Cost Driver System for  System for  
Piezoelectric Actuators for the ILCPiezoelectric Actuators for the ILC

Superconductive Cavity Fast Superconductive Cavity Fast TunersTuners
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vv LorentzLorentz forceforce detuningdetuning andand micromicro--phonicsphonics requiresrequires
cavitycavity stabilizationstabilization withwith fastfast tunerstuners;;

vv PiezoelectricPiezoelectric actuatorsactuators areare aa commoncommon choicechoice forfor activeactive
elementselements;;

vv PiezoPiezo DriverDriver requirementsrequirements areare::
ØØ CapacitiveCapacitive LoadsLoads rangingranging fromfrom ~~ 100100 nFnF upup toto aa fewfew µµµµµµµµFF;;
ØØ BandwidthBandwidth:: ~~ 100100 HzHz ÷÷ 11 kHzkHz;;
ØØ OutputOutput VoltageVoltage upup toto 200200 VV..

vv ManyMany unitsunits areare neededneeded ((11 perper eacheach cavity)cavity);;
vv CommerciallyCommercially availableavailable PiezoPiezo DriversDrivers areare veryvery

expensiveexpensive;;
vv WeWe developeddeveloped aa LowLow CostCost SystemSystem withwith thethe requiredrequired

featuresfeatures..

IntroductionIntroduction
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Main SpecificationsMain Specifications

vv BipolarBipolar voltagevoltage railsrails ((--175175 VV toto ++175175));;
vv FullFull PowerPower BandwidthBandwidth:: 100100 HzHz;;
vv SmallSmall SignalSignal BandwidthBandwidth:: 1010 kHzkHz;;
vv 33 AA maxmax peakpeak currentcurrent;;
vv NoiseNoise onon electricalelectrical outputoutput:: << 1010 mVmVRMSRMS;;

vv TheThe externalexternal controlcontrol inputsinputs areare lowlow voltagevoltage DCDC signalssignals beingbeing
thethe gaingain ofof thethe amplifieramplifier adjustableadjustable fromfrom 2020xx upup toto 400400xx;;

vv TheThe driverdriver isis equippedequipped withwith bothboth outputoutput voltagevoltage andand outputoutput
currentcurrent monitormonitor;;

vv AdditionalAdditional featuresfeatures areare oneone onon boardboard DigitalDigital SignalSignal ControllerController
forfor circuitcircuit supervisionsupervision andand protection,protection, CANbusCANbus andand RSRS--232232
interfacesinterfaces..
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vv Complementary MOSFET output (source followers):Complementary MOSFET output (source followers):
ØØ Low output resistance (RDS On);Low output resistance (RDS On);
ØØ Possibility to increase current driving using nultiple MOSFETs in parallel;Possibility to increase current driving using nultiple MOSFETs in parallel;
ØØ AB class operation minimizing crossover distorsion;AB class operation minimizing crossover distorsion;

vv Feedback: the Feedback: the iPZD operates in closed loop up to 30 Hz, thus allowing an iPZD operates in closed loop up to 30 Hz, thus allowing an 
optimal control of piezo DC bias without limiting the driver bandwidth. optimal control of piezo DC bias without limiting the driver bandwidth. 

Conceptual Design and key featuresConceptual Design and key features
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The  Piezo  Driver  iPZD08 2The  Piezo  Driver  iPZD08 2
vv TheThe IpZDIpZD0808 22 isis aa lowlow costcost driverdriver designdesign whichwhich isis ideallyideally suitedsuited forfor

fastfast tunertuner applications,applications, largelarge systemsystem packagingpackaging andand hashas anan
excellentexcellent flexibilityflexibility inin itsits implementationimplementation;;

vv TheThe PiezoPiezo ControlControl UnitUnit (PCU)(PCU) isis constitutedconstituted byby aa singlesingle standardstandard
subsub rack/rack/1919””--chassischassis (Height(Height 66U,U, WidthWidth 8484HP,HP, DepthDepth 415415mm)mm);;

vv TheThe PCUPCU cancan hosthost upup toto 55 dualdual channelchannel piezopiezo driverdriver modulesmodules;;

vv BothBoth LowLow VoltageVoltage andand HighHigh VoltageVoltage powerpower suppliessupplies areare hostedhosted inin
thethe casecase..

vv TheThe finalfinal costcost isis belowbelow 500500 $$/channel/channel (cost(cost isis dominateddominated byby
packagingpackaging options)options)..
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Size: 150 x 200 mmSize: 150 x 200 mm
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The two channels Piezo Driver boardThe two channels Piezo Driver board



Temp
K

Load
µF

Driving Signal 
Vpp

BW 
Hz

300 14 2 1000

300 14 24 320

300 14 48 250

300 14 95 150

77 6.2 95 450

Static Test
(room temperature)

Large signal Band Width (77°K)
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Test ResultsTest Results

PP--888 Physik Instrumente888 Physik Instrumente
--20 to 120 V driving range  20 to 120 V driving range  
stroke up to 35 mmstroke up to 35 mm
static capacity at RT of 14 static capacity at RT of 14 µµFF
10 x 10 x 36 mm size10 x 10 x 36 mm size

96 V, LN296 V, LN2

96 V96 V

48 V48 V

24 V24 V

Piezo Driving Signal Freqency (Hz)Piezo Driving Signal Freqency (Hz)
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The  The  iPZD08 2 at iPZD08 2 at Fermilab ILCTAFermilab ILCTA
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HV & LV  HV & LV  
PSPS

EmptyEmpty
rready to eady to 
use slotsuse slots

-- 33 ModulesModules xx 22 ChannelsChannels ++ CrateCrate underunder testtest atat FermilabFermilab;;
-- StillStill tuningtuning protectionprotection controlcontrol firmwarefirmware;;
-- TheThe cratecrate cancan hosthost 55 modulesmodules ((1010 channelschannels inin total)total)..



What next ?What next ?
vv A new version of the iPZ08, able to give x6 more current, is A new version of the iPZ08, able to give x6 more current, is 

under developmentunder development
Higher  reliability;Higher  reliability;
Higher bandwidth;Higher bandwidth;
No significant increase in the cost.No significant increase in the cost.

vv We are developing an optional mezzanine board which adds We are developing an optional mezzanine board which adds 
functionality to the unit at a small additional cost:functionality to the unit at a small additional cost:
ØØ 400 MHz CPU;400 MHz CPU;
ØØ Ethernet  connection;Ethernet  connection;
ØØ 1 ADC + 1 DAC.1 ADC + 1 DAC.

vv This should be sufficient to drive local control loops on a This should be sufficient to drive local control loops on a 
single cavity.single cavity.
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ConclusionConclusion
vv ExcellentExcellent progressprogress onon developingdeveloping aa veryvery costcost effectiveeffective

PiezoPiezo DriverDriver SystemSystem;;
ØØ newnew versionversion availableavailable byby summersummer 20102010;;
ØØnewnew versionversion engineeredengineered forfor seriesseries production,production, byby

locallocal firmsfirms..

vv SuccessfulSuccessful progressesprogresses inin MechanicalMechanical R&DsR&Ds;;
-- nono timetime forfor detailsdetails

vv KlystronKlystron ModulatorModulator andand relatedrelated PSPS DevelopmentDevelopment ..
-- nono timetime forfor thethe subjectsubject
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ILC  INFN Pisa  GroupILC  INFN Pisa  Group

F. Bedeschi,  G. Bellettini,  A. Menzione, F. Bedeschi,  G. Bellettini,  A. Menzione, 

C. Pagliarone,  D. Passuello,  G.M. PiacentinoC. Pagliarone,  D. Passuello,  G.M. Piacentino

A. Basti , G. Busatto, G. De Carolis, F. Frasconi, F. Iannuzzo, F. Raffaelli , A. Basti , G. Busatto, G. De Carolis, F. Frasconi, F. Iannuzzo, F. Raffaelli , 

S. Galeotti,  A. Gennai, F. Spinella , F. VelardiS. Galeotti,  A. Gennai, F. Spinella , F. Velardi

Thank you !Thank you !

LCWS10 & ILC10, Beijing LCWS10 & ILC10, Beijing -- March 28March 28°° 20102010 Carmine E. PagliaroneCarmine E. Pagliarone1515



Backup SlidesBackup Slides
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v The He-Vessel is a container that hold the supercritical helium that
surrounds and cools the cavity to the operating temperature.

v In the Tesla-like SRF cavities the vessel around the cavity is made in
Titanium.

v Several studies show that the cost of this component is one of the
most dominant cost element (together with the niobium material and
cavity fabrication).

v The principal goal of this R&D is to find a good transition between the
Nb and Stainless Steel (SS) to be able to built a He-Vessel in SS for
ILC SRF cavities.

He return pipeHe return pipe

Blade tunerBlade tuner

9 cell SRF cavity9 cell SRF cavity

HeHe--VesselVessel
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NbNb--SSSS

TiTi--SSSS



The explosion bonding processThe explosion bonding process
vv WithWith thisthis technologytechnology wewe areare ableable toto joinjoin metallicmetallic materialsmaterials thatthat cannotcannot

bebe weldedwelded withwith standardstandard techniquestechniques..
vv ExtensivelyExtensively usedused toto joinjoin AlAl andand SSSS.. CommercialCommercial SSSS--AlAl explosionexplosion

bondingbonding transitionstransitions areare availableavailable onon thethe marketmarket..
vv BimetallicBimetallic platesplates (Al(Al--SSSS andand TiTi--SS)SS) withwith thisthis techniquetechnique areare easyeasy toto findfind..
vv It’sIt’s notnot easyeasy toto findfind transitionstransitions mademade usingusing tubetube elementselements andand betweenbetween

thethe NbNb andand otherother materialmaterial (Nb(Nb nono widelywidely usedused inin thethe industry)industry)

Explosion Explosion bond interfacebond interface

Base materialBase material
Cladding plateCladding plate

ExplosiveExplosive
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1919

The Ti/SS explosion bonding transition The Ti/SS explosion bonding transition 
vv TheThe SarovSarov companycompany producedproduced severalseveral samplessamples startingstarting fromfrom smallsmall diameterdiameter

untiluntil toto reachreach thethe maximummaximum ofof 22”” inchesinches..
vv TheThe finalfinal samplessamples werewere mademade usingusing standardstandard 22”” tubestubes (one(one inin TiTi andand thethe

otherother inin SSSS withwith thethe samesame diameter)diameter) withwith aa SSSS collarcollar explosionexplosion bondedbonded fromfrom
outsideoutside toto joinjoin themthem..

vv AllAll samplessamples producedproduced werewere successfullysuccessfully testedtested inin PisaPisa atat roomroom andand
nitrogennitrogen temperaturestemperatures andand afterafter thermalthermal cyclescycles betweenbetween thesethese twotwo valuesvalues..

vv FinallyFinally theythey waswas testedtested atat HeHe liquidliquid temperaturetemperature atat FNALFNAL.. SS tubeSS tube

SS sleeveSS sleeve
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The Garlock Quick Disconnect The Garlock Quick Disconnect SystemSystem
vv TheThe GarlockGarlock QuickQuick DisconnectDisconnect SystemSystem (QDS)(QDS) useuse aa conicalconical flangeflange designdesign (conical(conical

profileprofile 1515 oror 2525 grgr..),), anan externalexternal clampclamp withwith onlyonly oneone screwscrew andand DeltaDelta HelicoflexHelicoflex sealseal
(with(with anan externalexternal integratedintegrated centeringcentering guide)guide) toto performanceperformance aa quickquick disconnectdisconnect
systemsystem withwith clearclear advantagesadvantages::
ØØ QuickQuick connectionconnection andand disconnectiondisconnection
ØØ CompactCompact sizesize –– FastFast andand easyeasy installationinstallation andand removalremoval
ØØ EasyEasy applicationapplication ofof tighteningtightening forceforce
ØØ NoNo twistingtwisting torquetorque inin thethe pipingpiping
ØØ HighHigh sealseal levellevel

vv LCWS10 & ILC10, Beijing LCWS10 & ILC10, Beijing -- March 28March 28°°
20102010

Carmine E. PagliaroneCarmine E. Pagliarone2020



The Nb/SS transition design
v Starting from the standard 9 cell SRF cavity plus He-vessel design we defined a 
transition in wich a SS flat flange is joined by explosion bonding to a short Nb tube with the 
internal diameter of cilindrical part of cavity ends (78 mm).
v During the cavity fabbrication this transition will be connect by EB weld on both side on 
the rest of cavity.
v Two similar Nb/SS transitions like that need to be used in the cavity assembly.
v Finally the SS He-Vessel will be TIG weld to two SS flanges of these two Nb/SS 
transitions.
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The Nb/SS transition samples
v The Sarov company produced four samples according this design.
v Two samples were produced with the explosion bonding from outside to inside (“external 
explosion bonding”), two with the explosion bonding from inside to outside (“internal 
explosion bonding”)
v In the external explosion bonding samples a SS collar is joint by explosion to the Nb tube 
then the SS flange is EB weld to this collar.
v In the internal explosion bonding samples the Nb tube is direct connect to SS flange.

SS flange

Nb tube
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vv AA listlist ofof piezoelectricpiezoelectric actuatorsactuators thatthat couldcould bebe usedused
includesincludes::

EPCOS,EPCOS, 77xx77xx3030 mm,mm, 22..11 uF,uF, 00--160160 V,V, 4040 umum..
NOLIAC,NOLIAC, 1010xx1010xx3030 mm,mm, 66 uF,uF, 00--200200 V,V, 4242 umum..
HYSIKHYSIK INSTRUMENTE,INSTRUMENTE, 1010xx1010xx3636 mm,mm, 1212 uF,uF, --2020--120120 V,V, 3535 umum..
NOLIAC,NOLIAC, 1010xx1010xx7070 mm,mm, 4040 uF,uF, 00--200200 V,V, 100100 umum..
PPIEZOMECHANIC,IEZOMECHANIC, 1414 uF,uF, --3030--150150 V,V, 8080 umum..
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