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Abstract

The TESLA Test Facility (TTF) Injector II photocathode preparation system is in opera-tion
since spring 1998. High quantum efficiency tellurium and alkali metals based pho-toemissive
films are routinely produced at Milano with typical 10% quantum efficiency (QE).
Photocathodes are then successfully transported with no QE degradation, using a handy ultra
high vacuum (UHV) system, to DESY and here transferred to the RF gun. The main
characteristics of the system and the future developments are here discussed.
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1 Intr oduction

During winter 1998/99the Injector II was commissionedat the TESLA Test Facility

LINAC (TTF) [1] that, first in the world, in February2000 hasproducedSASE (Self

Amplified SpontaneousEmission)radiationat 109nm [2] reachingfew monthslater80

nm. Theelectronsourceis a laserdrivenRF gun,basedon cesiumtelluride photocath-

odes,in placeof thethermionicsourceusedwith InjectorI.

The photocathodesareproducedat Milano andusedat DESY, hencea fully UHV split

systemwasdeveloped. Thesematerialsare always stored,from the productionto the

operationinto thegun, in UHV conditiondueto their high sensitivity to gasexposition

[3]. For thesereasons,thanksto theexperienceon cathodeproductionandvacuumtech-

nologyof our group,we have designedandbuilt anhandytransportsystemwhosemain

peculiarityis to preserve cathodesin UHV conditionduring their travel from Milano to

DESY.

A significanteffort hasbeendedicatedto themovementsof thecathodein theUHV en-

vironment. The final designconsistedof an evolution of thesystemwe realizedfor the

A0 experimentat FermiNationalLaboratory[4]. Thenew cathodepreparationsystemis

equippedwith thediagnosticsnecessaryfor cathodecharacterization,beforetheirdelivery

to DESY. Heretheinstalledsystemis usedto transferthecathodefrom thetransportation

systemto thegun.

Thepreparationchamberis discussedin thefollowing sectiontogetherwith thematerial

choicefor themovingpartsin vacuum(neededfor cathodemanipulation).Thetransporta-

tion systemis presentedin thethird section.TheDESY transfersystemis thesubjectof

thefourth section;a final discussionof theperformancesandfutureimprovementsof the

wholesystemconcludesthepresentpaper.

2 The preparation chamber

Thepreparationchamberwasdesignedto allow differenttasks:cathodepreparation,pho-

toemissive propertycharacterizationandfinally cathodemanipulation. A sketchof the

preparationchamberis presentedin fig.1. An UHV chamberis pumpedby a400l s465 ion

pump. In fig. 1, theregion ”A” shows thecathodepreparationandcharacterizationarea.

In this areaa photoemissive layer is depositedon a molybdenumsubstrate.Thecathode

depositionprocesshasbeenalreadyextensively discussedelsewhere[5]. The tellurium

andthealkali metalssourcesareinstalledon a framein front of themaskingareawhich

is usedto shapethe cathodearea.The currentflowing throughthe sourcescontrolsthe

evaporationprocess.A LTM (LinearTransferMechanism)movesthemolybdenumsub-
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Figure1: Preparationsystemsketch.Thecathodesareproducedandcharacterizedin the
areawith thelabel”A”. Thearealabel”B” showstheLTMs usedfor moving andheating
thecathode.Finally area”C” shows themicrobalanceandits positionwheninsertedin
placeof thecathode.

stratein the depositionarea. A secondLTM translator(fig. 1 ”B”) movesthe cathode

heater, a halogenlamp, togetherwith a thermocoupleinto the backof the substrate.A

feedbackloop, betweenthe thermocoupleandthe halogenlamp power supply, allows a

substratetemperaturestabilizationwithin 1 7 C. AnotherLTM movesthethicknessmoni-

tor (a microbalance)from thetopof thechamberinto theevaporationarea,exactly in the

cathodeposition,for sourcecalibration(fig. 1 ”C”).

A remarkablefeatureof this systemis thepossibility to changetheshapeof thephotoe-
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missiveareaover themolybdenumsubstrate.This possibilitycanbeusedto explorethe

dependenceof theelectronbeamemittanceonthesourcegeometricparameter. As anex-

ample,a photoemissiveareasmallerthanthelaserspotsizeavoidsthediffractioneffects

otherwisecomingfrom thelaserbeamshaping.

In the areabetweenthe sourcesandthe masking,a polarizedanodemeasuresthe pho-

tocurrent.It allows themonitoringof theQE alsoduringthedeposition.Thelight source

is aHg lampwith interferencefilter ( 8 = 254nm). After thecathodeproduction,thespec-

tral responseandthe QE distribution over the cathodeareaaremeasuredusinga beam

steeringsystem. In this way, a mapof the QE is performedandnon-uniformity in the

photoemissivefilm canbedetected.

For thecathodemovementinsidethesystem,apropercarrierhasbeendesignedthatholds

up to fivecathodes.Magneticcoupledtranslatorsmove thecarrier;upperandlower rails

guideit alongthe entirepathfrom the preparationsystemto the transportationsystem.

Ball bearingsarelocatedon theupperandlowerpartof thecarrierin orderto reducethe

friction during the movement. CuBeandStainlessSteel(SS)bearingshave beenused,

bothwithout lubricant: SSball bearingshave shown longerlifetime andreliability. Ad-

ditionally, CuBespacersaremountedon thelowerpartof thecarrierandallow centering

of the in respectto the guiding sections.The cathodeis locked on the carrierby three

stainlesssteelplungers,positionedat 1209 onerespectto theother. To remove thecath-

odefrom thecarrierandmoveit in thedifferentareasof thechamber, properpincershave

beendesigned.Two sapphireballs arecentersthe cathodeon the pincer. The balls are

loadedwith Tungstenspringsandmountedon oppositesidesof the pincer in positions

correspondingto two grovesmachinedon the cathode. Fig. 2 shows a sketch of the

cathodemachining.

The preparationchamberandall its componentshave beenassembledat Milano

duringwinter1997/98andsincethenthey areoperative. Cathodesareroutinelyproduced

andtransportedto DESY.

3 The transportation system

Thetransportationsystemhasbeendevelopedto movethephotocathodesfrom Milano to

DESY in UHV condition.To accomplishthis task,a CF 63 six wayscrosswasmodified

in orderto containthecathodecarrier. A 60 l s:6; ion pumpmaintainsthesystemin UHV.

Fig. 3 showsasketchof thetransportationsystem.

To disconnectthecarrierfrom themagneticmanipulator, a bayonetcouplingdevice has

beendesigned.This device allows a fastandreliableconnectionanddetachmentof the

carrierfrom the manipulator. A small translatortakesin positionthe carrierduring the
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Figure2: Detailsof the cathodemachining. From the left down clockwise,a top view
with thegrovesfor theplungers,a detailedview of themachiningfor thecouplingwith
thepincer, andtheinsertionholefor theheatinglamponthebackof thecathode.Thelast
insertis a3D view wherethecomplex machiningof thecathodeis visible.

transportation,insertingacatchin thebackof thelastcathode.In front of thecathode,an

anodeanda FusedSilica viewport allow photocurrentmeasurement.This is particularly

importantbecausenophotocathodediagnosticdevice is availablein thetransfersystemat

DESY. In orderto connectthetransportationsystemto theothersystemswithoutbreaking

the vacuum,a CF 63 all metal valve is installed. Another all metal valve is mounted

on the othersystemanda small transitionpieceallows the connection.This transition

pieceis theonly one,in all theapparatus,that is exposedto air whenthe transportation

systemhasto beconnectedor disconnected.To speedupthepumpingtimeaLN < (Liquid

Nitrogen)trapis foreseen.Thetypicaltimenecessaryto connectthetransportationsystem

is abouthalf anhourwhile thepumpdown time for theconnectionpieceis of theorder

of coupleof daysbeforeUHV conditionsare established(without the LN < trap). As

mentionedin the introduction,onenoticeablefeatureof the transportationsystemis its

compactness.During thetransportation,asmallDC/DCconvertersuppliestheion pump.

WearecurrentlyusingamodifiedPenningpowersupplypoweredby a battery. Sincethe

currentdrainedby the ion pumpis very low, thebatteryis sufficient for thetime needed

to transportthecathode.Thefirst cathodetransportationwasdoneon July 1998without

any degradationof theQE propertiesof thecathode[6].
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Figure3: Sketchof the transportationsystem. On the left, the carrier is visible while,
on the rigth, the small manipulatoris drawn. A small viewport for QE measurementis
mountedin front of thelastcathode.

4 The transfer system

The transfersystemis installedat DESY and is directly connectedto the RF gun: it

allows cathodesbeingtransferredfrom the transportationsystemto the gun (fig. 4). It

mainly consistsof an UHV chamberpumpedby a 60 l s=?> ion pump anda Titanium

SublimationPump(TSP).A longarmmagneticcoupledtranslatormovesthecarrierfrom

the transportationchamberto the main chamber. Herea pincer, similar to theoneused

in thepreparationsystemandmountedon a secondtranslator, removesthecathodefrom

thecarrier. Nonmagneticmaterialshavebeenusedfor all thepincercomponentsto avoid

any influenceon thegunperformances.Oncethesecondmanipulatorheldthecathode,it

is movedinto thegun. Thevacuumpiping from thetransfersystemto thegunhasbeen

designedto guideandcenterthecathodein respectto thegunwhile thecathodeitself is

moving toward it. To avoid any damageto thephotoemissive surface,all theguiding is

donein respectto theouterdimensionsof thepincer. Thefinal centeringof thecathode

into thegunis achievedusinga springinstalledinto thegunitself. Up to now two types

of springareused:a watch-bendtypecopperberyllium silveredspringis installedin the

DESYgunwhile astandardcopperberylliumroundspringis mountedontheFNAL gun.

Thealignmentof thecathodefront surfacewith respectto thegun innerwall is ensured
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Figure4: Top view of thetransfersystem.Thetransportationsystemis connectedon the
right andalongmagneticcoupledtranslatormovedthecarrierin themainchamberwhere
asecondmanipulatormovestheselectedcathodeinto thegun.

by aprecisionmachiningbothof thecathodesandof thebackplainof theinsertionpiece.

In this way, only afinal fine adjustmentof thecathodepositionis neededin orderto tune

the frequency of theRF gun. The transfersystemis operative at DESY sinceJuly 1998

andhasbeenused,atfirst, ontheDESYRFgunandthenassembledonthebeamline and

connectedto theFNAL RF gunwhereit is operativesinceNovember1998.

5 Conclusion

The systemis fully operative sincealmosttwo yearsandno major problemshave been

detected. Cathodesare routinely producedand characterizedat Milano. The cathode

transportationhasbeensuccessfullyaccomplishedwithout any QE degradationandthe

transfersystemis fully operative at TTF. New developmentsareforeseenin the carrier

designedandin the transportationsystem.Thecritical point of thesystemis thecarrier

transferfrom thetransportationsystemto theotherones(preparationchamberandtrans-

fer system).Furthermore,the removing of the cathodefrom the carrier itself would be

improved. In orderto have aneasiercathodehandling,a new carrierhasbeendesigned
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with a differentpositioningof thecathodeholders.Thenew designhasbeenbasedalso

on theresultsof calculationdoneon thecarrierbalancingproviding a safermovementof

thecarrieritself in thesystems.

Moreover, a new cathodetransfersystemhasbeendeliveredto DESY in winter 1999.

Thissystemis designedfor thegunteststandthatis beinginstalledat DESY-Zeuthen.
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