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MICROWAVE FREQUENCY DEPENDENCE OF THE PROPERTIES MICROWAVE FREQUENCY DEPENDENCE OF THE PROPERTIES 

OF THE ION BEAM EXTRACTED FROM A CAPRICE TYPE ECRISOF THE ION BEAM EXTRACTED FROM A CAPRICE TYPE ECRIS

DOUBLE FREQUENCY HEATINGDOUBLE FREQUENCY HEATING

TheThe choicechoice ofof thethe fixedfixed frequencyfrequency allowsallows toto enhanceenhance thethe higherhigher chargecharge statesstates currentcurrent.. WithWith twotwo frequenciesfrequencies thethe currentcurrent peakspeaks areare lifted,lifted, thethe

frequenciesfrequencies wherewhere theythey occuroccur remainremain thethe same,same, thethe meanmean currentcurrent remainsremains highhigh (almost(almost constantconstant forfor thethe ArAr77++)) whilewhile thethe higherhigher chargecharge statesstates tendtend toto

higherhigher currentscurrents whenwhen increasingincreasing thethe frequencyfrequency..

•• 11..22 TT maximummaximum radialradial magneticmagnetic fieldfield

•• PlasmaPlasma chamberchamber dimensionsdimensions:: 179179 mmmm ofof lengthlength andand 6464 mmmm ofof diameterdiameter

•• 100100 WW RFRF powerpower providedprovided byby aa TWTATWTA (Traveling(Traveling WaveWave TubeTube Amplifier)Amplifier) drivendriven byby oneone

signalsignal generatorgenerator (two(two forfor thethe doubledouble frequencyfrequency experiment)experiment) sweepingsweeping inin thethe frequencyfrequency

rangerange ofof 1212..55÷÷1616..55 GHzGHz (steps(steps 200200 kHzkHz withwith aa dwelldwell timetime ofof 2020 msms forfor eacheach step)step)

•• ArgonArgon withwith HeliumHelium asas mixingmixing gasgas

•• ExtractionExtraction voltagevoltage setset toto 1515 kVkV andand --22 kVkV screeningscreening voltagevoltage

•• TwoTwo directionaldirectional couplerscouplers ofof highhigh directivitydirectivity measuremeasure thethe forwardforward andand thethe reflectedreflected

microwavemicrowave powerpower

•• ViewingViewing targetstargets (coated(coated withwith KBr)KBr) monitormonitor thethe beambeam shapeshape evolutionevolution afterafter thethe extractionextraction

(VT(VT11),), afterafter thethe focusingfocusing solenoidsolenoid (VT(VT22)) andand thethe selectedselected chargecharge statesstates beambeam (VT(VT33))
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•• UnchangedUnchanged sourcesource parametersparameters duringduring thethe measurementmeasurement sessionssessions andand

reproduciblereproducible experimentalexperimental resultsresults..

•• TheThe matchingmatching impedanceimpedance betweenbetween thethe cavitycavity filledfilled byby thethe plasmaplasma andand

thethe electromagneticelectromagnetic wavewave clearlyclearly dependsdepends onon thethe frequencyfrequency..

•• TheThe peakspeaks ofof thethe reflectionreflection coefficientcoefficient andand thethe currentcurrent amplitudeamplitude areare

stronglystrongly correlatedcorrelated..

•• TheThe currentcurrent amplitudeamplitude affectedaffected byby thethe choicechoice ofof thethe operativeoperative

frequency,frequency, ii..ee.. thethe ArAr88++ currentcurrent rangesranges fromfrom aa fewfew μAμA upup toto 200200 μAμA..

•• SameSame evolutionevolution ofof thethe ArAr77++ andand ArAr88++ currentscurrents withwith differentdifferent amplitudesamplitudes

inin thethe peakpeak positionspositions andand inin thethe minimaminima pointspoints..

•• InIn thethe rangerange 1515..6464--1616..55 GHzGHz thethe currentscurrents ofof thethe higherhigher chargecharge states,states,

ii..ee.. ArAr99++,, tendtend toto lowerlower valuesvalues..

•• TheThe draindrain currentcurrent evolutionevolution followsfollows thethe trendtrend ofof thethe threethree chargecharge statesstates..
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WITH TARGETS POSITIONSWITH TARGETS POSITIONS

-- TwoTwo sweepingsweeping microwavemicrowave generators,generators, providingproviding thethe samesame power,power, havehave beenbeen usedused toto drivedrive thethe TWTATWTA inin orderorder toto feedfeed thethe plasmaplasma ofof thethe CAPRICECAPRICE

ECRISECRIS withwith twotwo electromagneticelectromagnetic waveswaves ((5050 WW powerpower forfor eacheach wave)wave)..

-- OneOne frequencyfrequency waswas fixedfixed whilewhile thethe secondsecond oneone waswas sweepingsweeping inin thethe 1212..55÷÷1616..55 GHzGHz frequencyfrequency rangerange..

-- TwoTwo fixedfixed frequenciesfrequencies werewere chosenchosen:: 1414..55 GHzGHz (normal(normal operationoperation ofof thethe source)source) andand 1414..119119 GHzGHz (enhances(enhances thethe currentcurrent ofof thethe higherhigher chargecharge statesstates))..

SINGLE FREQUENCY SWEEPING SINGLE FREQUENCY SWEEPING 

EXPERIMENTAL SETEXPERIMENTAL SET--UPUP

ARGON CHARGE STATES DISTRIBUTIONARGON CHARGE STATES DISTRIBUTION VT2VT2 VT3 ArVT3 Ar7+7+ VT3 ArVT3 Ar8+8+ VT3 ArVT3 Ar9+9+

Argon beam viewed at the targets located after the focusing solenoid (first Argon beam viewed at the targets located after the focusing solenoid (first 

column) and after the dipole for thecolumn) and after the dipole for the ArAr7+7+, the, the ArAr8+8+ and theand the ArAr9+9+ respectivelyrespectively

Reflection coefficient and current evolution vs. microwave frequency (the coloured solid lines refer to the left scale Reflection coefficient and current evolution vs. microwave frequency (the coloured solid lines refer to the left scale 

while the dashed black line is the reflection coefficient referring to the right scale)while the dashed black line is the reflection coefficient referring to the right scale)

-- 1414..55 GHzGHz isis thethe normalnormal operationoperation

frequencyfrequency ofof thethe CAPRICECAPRICE ECRISECRIS..

-- 1414..4646 GHzGHz andand 1414..119119 GHzGHz areare thethe

frequenciesfrequencies wherewhere thethe respectiverespective

minimumminimum andand maximummaximum ArAr88++ currentcurrent werewere

measuredmeasured inin thethe 1414--1515 GHzGHz frequencyfrequency

rangerange..

-- AtAt 1414..00 GHzGHz andand atat 1414..4646 GHzGHz similarsimilar

chargecharge statestate distributionsdistributions werewere obtainedobtained

withwith differentdifferent reflectionreflection coefficientscoefficients

(indicated(indicated inin thethe legendlegend ofof thethe figure)figure)..
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-- For the frequencies where the higher charge states are favoured   For the frequencies where the higher charge states are favoured   

the current of lower charge states is decreasing and vice versa. the current of lower charge states is decreasing and vice versa. 

-- The frequency tuning is more affecting the higher charge states.The frequency tuning is more affecting the higher charge states.

-- At 14.119 GHz the current enhancement respect to the normal  At 14.119 GHz the current enhancement respect to the normal  

operation frequency is 240% for the Aroperation frequency is 240% for the Ar8+8+ and  450% for the Arand  450% for the Ar9+9+..


