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Abstract

The TESLA Test Facility (TTF) Injector 1l photocathode preparation system is in operation
since spring 1998. High quantum efficiency tellurium and akali metals based pho-toemissive
films are routinely produced a Milano with typicd 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 devel opments are here discussed.

PACS.: 85.60.h, 41.75.i, 79.60.i

Published by SIS—Pubblicazioni
Laboratori Nazionali di Frascati



1 Intr oduction

During winter 1998/99the Injector Il was commissionecdat the TESLA Test Facility
LINAC (TTF) [1] that, first in the world, in February2000 hasproducedSASE (Self
Amplified SpontaneouEmission)radiationat 109 nm [2] reachingfew monthslater 80
nm. The electronsourceis a laserdriven RF gun, basedon cesiumtelluride photocath
odes,in placeof thethermionicsourceusedwith Injectorl.

The photocathodeare producedat Milano andusedat DESY, hencea fully UHV split
systemwas developed. Thesematerialsare always stored,from the productionto the
operationinto the gun, in UHV conditiondueto their high sensitvity to gasexposition
[3]. For thesereasonsthanksto the experienceon cathodeproductionandvacuumtech-
nology of our group,we have designedandbuilt an handytransportsystemwhosemain
peculiarityis to presere cathodesn UHV conditionduring their travel from Milano to
DESY.

A significanteffort hasbeendedicatedo the movementsof the cathodein the UHV en-
vironment. The final designconsistedf an evolution of the systemwe realizedfor the
A0 experimentat FermiNationalLaboratory[4]. The new cathodepreparatiorsystemis
equippedvith thediagnosticsiecessarfor cathodecharacterizatiorheforetheirdelivery
to DESY. Heretheinstalledsystemis usedto transferthe cathoddrom the transportation
systemto thegun.

The preparatiorchamberis discussedn thefollowing sectiontogethemwith the material
choicefor themoving partsin vacuum(neededor cathodemanipulation).Thetransporta-
tion systemis presentedn thethird section.The DESY transfersystemis the subjectof
thefourth section;afinal discussiorof the performancesindfuture improvementf the
whole systemconcludeghe presenpaper

2 The preparation chamber

Thepreparatiorchambemwasdesignedo allow differenttasks:cathodepreparationpho-
toemissve propertycharacterizatiorandfinally cathodemanipulation. A sketchof the
preparatiorchambeis presentedh fig.1. An UHV chambeis pumpedoy a4001 s~! ion
pump.In fig. 1, theregion”A” shaws the cathodepreparatiorandcharacterizatiomarea.
In this areaa photoemissie layeris depositecbn a molybdenumsubstrate The cathode
depositionprocesshasbeenalreadyextensvely discusseclsevhere[5]. The tellurium
andthe alkali metalssourcesareinstalledon a framein front of the maskingareawhich
is usedto shapethe cathodearea. The currentflowing throughthe sourcescontrolsthe
evaporationprocessA LTM (Linear TransferMechanism)movesthe molybdenunsub-



Figurel: Preparatiorsystemsketch. The cathodesreproducedandcharacterizeédh the
areawith thelabel”’A”. Thearealabel’B” shavstheLTMs usedfor moving andheating
the cathode.Finally area’C” shows the microbalanceandits positionwheninsertedin

placeof thecathode.

stratein the depositionarea. A secondLTM translator(fig. 1 "B”) movesthe cathode
heater a halogenlamp, togetherwith a thermocouplanto the backof the substrate.A
feedbacKoop, betweenthe thermocoupleandthe halogenlamp power supply allows a
substratéemperaturetabilizationwithin 1 °C. AnotherLTM movesthe thicknessmoni-
tor (amicrobalancejrom thetop of the chambeiinto the evaporationarea,exactly in the
cathodeposition,for sourcecalibration(fig. 1 "C”).

A remarkabldeatureof this systemis the possibility to changethe shapeof the photoe-



missie areaover the molybdenunsubstrate This possibility canbe usedto explorethe
dependencef theelectronbeamemittanceon the sourcegeometricparameterAs anex-
ample,a photoemissie areasmallerthanthe laserspotsizeavoidsthe diffraction effects
otherwisecomingfrom thelaserbeamshaping.
In the areabetweenthe sourcesandthe masking,a polarizedanodemeasureshe pho-
tocurrent.It allows the monitoringof the QE alsoduringthe deposition.Thelight source
is aHg lampwith interferencdilter (A= 254nm). After the cathodeproduction thespec-
tral responseandthe QE distribution over the cathodeareaare measuredisinga beam
steeringsystem. In this way, a map of the QE is performedand non-uniformityin the
photoemissiefilm canbedetected.
For thecathodemovementinsidethesystemapropercarrierhasbeendesignedhatholds
up to five cathodesMagneticcoupledtranslatorsmove the carrier;upperandlower rails
guideit alongthe entire pathfrom the preparatiorsystemto the transportatiorsystem.
Ball bearingsarelocatedon the upperandlower partof the carrierin orderto reducethe
friction during the movement. CuBe and StainlessSteel(SS) bearingshave beenused,
both without lubricant: SSball bearingshave shavn longerlifetime andreliability. Ad-
ditionally, CuBespaceraremountedon thelower partof the carrierandallow centering
of the in respectto the guiding sections. The cathodeis locked on the carrier by three
stainlesssteelplungers positionedat 120° onerespecto the other To remove the cath-
odefrom thecarrierandmoveit in thedifferentareasof thechamberproperpincershave
beendesigned.Two sapphireballs are centersthe cathodeon the pincer The balls are
loadedwith Tungstenspringsand mountedon oppositesidesof the pincerin positions
correspondingo two groves machinedon the cathode. Fig. 2 shows a sketch of the
cathodemachining.

The preparationchamberandall its component$ave beenassembledct Milano
duringwinter 1997/98andsincethenthey areoperatve. Cathodesreroutinelyproduced
andtransportedo DESY.

3 Thetransportation system

Thetransportatiorsystemhasbeendevelopedto move the photocathodesom Milano to
DESY in UHV condition. To accomplishthis task,a CF 63 six wayscrosswasmodified
in orderto containthecathodecarrier A 601 s~ ion pumpmaintainghesystemin UHV.
Fig. 3 shovs a sketchof thetransportatiorsystem.

To disconnecthe carrierfrom the magneticmanipulatoy a bayonetcouplingdevice has
beendesigned.This device allows a fastandreliable connectionand detachmenof the
carrierfrom the manipulator A small translatortakesin positionthe carrierduring the



Figure2: Detailsof the cathodemachining. Fromthe left down clockwise,a top view
with the grovesfor the plungers,a detailedview of the machiningfor the couplingwith
thepincer andtheinsertionholefor the heatinglamponthebackof thecathode Thelast
insertis a 3D view wherethe complex machiningof the cathodes visible.

transportationinsertinga catchin the backof thelastcathodeln front of the cathodean
anodeanda FusedSilica viewport allow photocurrentneasurementThis is particularly
importantbecaus@o photocathodéiagnostiadevice is availablein thetransfersystemat
DESY. In orderto connecthetransportatiorsystento theothersystemsvithoutbreaking
the vacuum,a CF 63 all metalvalve is installed. Anotherall metal valve is mounted
on the other systemand a small transitionpieceallows the connection. This transition
pieceis theonly one,in all the apparatusthatis exposedto air whenthe transportation
systemhasto beconnectedr disconnectedTo speedupthepumpingtimealN, (Liquid
Nitrogen)trapis foreseenThetypicaltime necessarjo connecthetransportatiorsystem
is abouthalf an hour while the pumpdown time for the connectionpieceis of the order
of coupleof daysbefore UHV conditionsare establishedwithout the LN, trap). As
mentionedn the introduction,one noticeablefeatureof the transportatiorsystemis its
compactnesuring thetransportationasmallDC/DC corvertersuppliegheion pump.
We arecurrentlyusinga modifiedPenningoower supplypoweredby a battery Sincethe
currentdrainedby theion pumpis very low, the batteryis sufficient for the time needed
to transportthe cathode.Thefirst cathodetransportatiorwasdoneon July 1998without
ary degradationof the QE propertiesof the cathodg6].



%} tm =] i ] {%3
N el 1
b anadnd||

= | —1 =2 =

e

LT JtH

o un}

)

Figure 3: Sketchof the transportatiorsystem. On the left, the carrieris visible while,
on therigth, the small manipulatoris dravn. A smallviewport for QE measuremeris
mountedn front of thelastcathode.

4 The transfer system

The transfersystemis installedat DESY and s directly connectedo the RF gun: it
allows cathodedeingtransferredrom the transportatiorsystemto the gun (fig. 4). It
mainly consistsof an UHV chambempumpedby a 60| s~ ion pumpanda Titanium
SublimationPump(TSP).A long armmagneticcoupledtranslatomovesthe carrierfrom
the transportatiorchamberto the main chamber Herea pincer, similar to the oneused
in the preparatiorsystemandmountedon a secondranslatoy removesthe cathodefrom
thecarrier Nonmagnetianaterialshave beenusedfor all the pincercomponentso avoid
ary influenceon the gunperformancesOncethe secondnanipulatotheldthe cathodejt
is movedinto the gun. The vacuumpiping from the transfersystemto the gun hasbeen
designedo guideandcenterthe cathoden respecto the gunwhile the cathodatself is
moving towardit. To avoid ary damageo the photoemissie surface,all the guidingis
donein respecto the outerdimensionf the pincer Thefinal centeringof the cathode
into thegunis achiezed usinga springinstalledinto the gunitself. Up to now two types
of springareused:awatch-bendype copperberyllium silveredspringis installedin the
DESY gunwhile astandarccopperberylliumroundspringis mountedonthe FNAL gun.
The alignmentof the cathodefront surfacewith respecto the guninnerwall is ensured



Transporteion

Magnetic Trand ator

All Medal Valve

Figure4: Top view of thetransfersystem.Thetransportatiorsystems connectean the
rightandalong magneticcoupledtranslatomovedthecarrierin themainchambemwhere
asecondnanipulatormovesthe selecteccathodento the gun.

by aprecisionmachiningbothof thecathodesndof thebackplain of theinsertionpiece.
In thisway, only afinal fine adjustmenbf the cathodepositionis neededn orderto tune
thefrequeng of the RF gun. Thetransfersystemis operatve at DESY sinceJuly 1998
andhasbeenusedatfirst,ontheDESY RF gunandthenassemblednthebeamline and
connectedo the FNAL RF gunwhereit is operatve sinceNovemberl1998.

5 Conclusion

The systemis fully operatve sincealmosttwo yearsandno major problemshave been
detected. Cathodesare routinely producedand characterizedt Milano. The cathode
transportatiorhasbeensuccessfullyaccomplishedvithout any QE degradationandthe
transfersystemis fully operatve at TTF. New developmentsare foreseenn the carrier
designedandin the transportatiorsystem.The critical point of the systemis the carrier
transferfrom the transportatiorsystemto the otherones(preparatiorchambemndtrans-
fer system). Furthermorethe remaoving of the cathodefrom the carrieritself would be
improved. In orderto have an easiercathodehandling,a new carrierhasbeendesigned



with a differentpositioningof the cathodeholders. The nen designhasbeenbasedalso
ontheresultsof calculationdoneon the carrierbalancingproviding a safermovementof
thecarrieritselfin thesystems.

Moreover, a new cathodetransfersystemhasbeendeliveredto DESY in winter 1999.
This systemis designedor the gunteststandthatis beinginstalledat DESY-Zeuthen.
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