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As an ion generating device, the ion source is widely used in accelerator, space
environment and space physics, integrated circuit manufacturing, wafer production,
medical and other fields. Emissivity is an important index to indicate the quality of ion

source beam. An emittance measurement system for low-energy and high-current ion
beams based on the principle of multi-slit single wire measurement was designed and
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developed. The system includes a step motor, a beam detector (Faraday cup), a weak
signal amplifier, isolators and filters, a C8051F500 microcontroller, and a RS-232
interface circuit. Compared with the existing emittance measurement equipment, the
system has the advantages of versatility, portability and high cost performance.
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1.Introduction

Asaniongeneratingdevice,ionsourceiswidelyusedinac
celerator,spaceenvironmentandspacephysics,integrat
edcircuitmanufacturing,waferproduction,medicaland
otherfields*4l. Forexample,inanaccelerator,inordertoi
ncreasethevelocityorkineticenergyofchargedparticles
,anionsourceisneededtoproducechargedparticlesatfirs
t.Chargedparticlescanbeacceleratedonlywhentheyare
senttotheacceleratorbyionbeamextractionequipment.
Theeffectofaccelerationdependsonthequalityofthebea
mproducedbytheionsource. Thebeamqualitydependso
nitsemittance,brightnessandenergydivergence,andthe
mostcommonlyusedisthebeamemittancevalue.Ifthee
mittancevalueislarge,theparticleswarmwilldisperse,th
ebeamwillnottransmitwell,andtheaccelerationeffectw
illbecomeworse. Iftheemittancevalueissmall,thepartic
leswarmwillbeconcentrated,whichwillnotonlyfacilita
tethebeamtransmission,butalsoproduceagoodbeamac
celerationeffect,andtheacceleratorperformancewillbe
better. Therefore,themoreprecisetheemittancevalueis,t
hebettertheperformanceoftheacceleratorwillbe,thesi
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mplerthedesignoftheacceleratorwillbe,andtheeasierth
estudyofthebeamwillbel®,

Therearemainlytwokindsofemittancemeasurementme
thods,namely,interceptionmeasurementmethodandno
n-interceptionmeasurementmethod.1n1983,R.H.Mill
eretal.proposedthatthetransverseemittanceofabeamca
nbemeasuredbyabeampositiondetectorwithoutinterce
ptionl®l. Later,manyresearchershegantoadoptthismeth
od.Forexample,in1998,researchersintheLANLLabor
atoryintheUnitedStatesusedthismethodtomeasuretran
sverseemissivityforthefirsttimel” Janssonetal.propos
edthemethodofemissivitymeasurementbyusingmagn
eticquadrupoleextractorwhichisanothernon-intercepti
ngmeasurementmethod!®l.1n2007 theresearchersinthe
EuropeanCenterforNuclearResearch(CERN)usedalas
erlinescannertopreciselymeasurethebeamemittanceof
thebeamtransportsystemofthelnternationalLinearColl
ider(ILC)®1. Wangetal. measuredthebeamemittanceby
changingthefocusintensityforseveraltimes™®. Xuetal.
usedadigitalcameratocapturetheenvelopeofthebeama
ndchangethefocusintensitytomeasuretheemittance!,
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Songetal.studiedthemeasurementofbeamemittanceby
theCT(ComputedTomography)method™?. Masoumza
dehetal.usedCSTStudiocodetostudyanddesigntheFar

adaycupsbecausetheyarewidelyusedtocharacterizeion
beamcurrent!*®l. Kazemietal.simulatedtheextractionof
theprotonbeamfromtheduoplasmatronionsourcewith

ComputerSimulationTechnology(CST)softwarethrou
ghitsparticletrackingmodule™¥. Lietal.developedane

mittancemeasurementsystembasedonEPICSsoftware
system,tomeasurebeamemittanceofECRionsourcemo
reaccuratelyandreliably™® Ebrahimibasabietal.descri
bedthedesignandconstructionofaMultiArrayFaraday

Cupforbothbeamprofilingandcurrentmeasurementsin
aPenningionsource,andthendesignedatestingset-uptot
estandcalibratethesystem[®l Themainmethodsofemis
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sivitymeasurementadoptedinacceleratorsandtheirresp
ectivecharacteristicsarelistedinTablel.

Forthemeasurementofemittanceofhigh-currentionbea
m,thepepperscreenmethod,three-gradientmethodandt
hree-sectionmethodareallnolongerapplicablebecause

ofsomespecialpropertiesofhigh-currentionbeam.Alth

oughtheCTmethodhastheadvantagesofhighmeasurem
entaccuracyanditisnoneedtopresettheinitialbeamemitt
ance, itstechnologyisnotyetmature.Therefore,theslitw

iremethodisstillthemostimportantmeasurementemitta
ncemethodofhighcurrentionbeam. Inthispaper,wedesi

gnedanddevelopedanemittancemeasuringinstrumentf
orlowenergyandhighcurrentionbeamsbasedonmulti-s

litsinglewiremethod.

Tablel.MainMethodsofEmissivityMeasurementadoptedinAccelerators

Sr. No Methods Characteristics
1 Pepper screen/slit-wire method Interception, low Energy, relieving Space Charge.
» Magnetic scanning, narrow slit Interception, low Energy, the emittance increases, when energy
and fluorescent screen divergence exists.
Cherenkov radiation "dual . . T
3 . Interception, no need to assume no hypothesis of beam distribution.
imaging
4 Single hole sampling Interception, high current, high pulse momentum, small section.
5 Double screen method Interception, beam waist positioning

6 Three section (gradient) method

7 Six section (gradient) method

2.MeasurementPrincipleofMulti-slitSingleWireM
ethod

Thedirectionoftheseamissetasyaxisandthescanningdir
ectionofFaradaycupisxaxis. Themeasurementprincipl
eofmulti-slitsinglewiremethodisshowninFig.1.Assu
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Interception, inclusion of space charge force, hypothesis of ideal ellipse.

Non-interception, high energy, no hypothesis of beam distribution,
measure X, y direction emittance simultaneously.

mingthatthebeamflowisdividedintopunitbeams(thenu
mberofslits). TheFaradaycupscansinaplanewithadista
nceofLbehindtheseamplate.xistheplanecoordinateoft

heslit,x'isthedivergenceangle,andXistheplanecoordin

ateoftheFaradaycup.Therootmeansquare(RMS)ofemi
ttancecanbecalculatedaccordingtoEq.(1).
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where, €2 istherootmeansquareofemittance, N =

#-1 n; Thenormalizedrootmeansquareofbeamemi
ttancecanbecalculatedasEq.(2).

Exn = BY&n 2

where, B istherelativisticvelocityofparticles,andy =

(1-pH~2
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Fig.1.PrincipleDiagramforEmissivityMeasuremen
tofMulti-slitSingleWire

3.SystemArchitecture

Wedesignedanddevelopedanemittancemeasuringin
strumentbasedontheabovemeasurementprinciple.T
hesystemstructureisshowninFig.2,anditincludesast
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1)

epmotor,abeamdetector(Faradaycup),aweaksignal
amplifier,isolatorsandfilters,aC8051F500microcon
troller,andaRS-232interfacecircuit.

3.1.BeamDetector

Thebeamdetector(Faradaycup)isresponsibleforcon
vertingthebeamintensityinformationintoelectricalsi
gnals.TheFaradaycupiscontrolledbythestepmotorto
moveradially

3.2.WeakSignalAmplifier

Thissignalproducedbythebeamdetectorisveryweak
andcannotmeettherequirementsofA/Dconversion,s
oaweaksignalamplifiercircuitisneeded. Theconvert
edsmallvoltagesignalrangesfrom10to50mV,whilet
hesamplingvoltagerangeof ADCisOto5V,sothedetec
tioncircuitamplifiesthesignalmorethan100times.T
wostagesofamplificationaresetuphere. Thefirststag
eamplifierusesahigh-precisioninstrumentamplifier
INA111.Inthesecondstageamplifier,theprogram-co
ntrolledamplifierMAX4132isselected,byconsideri
ngthatthemeasurementrangeandaccuracyofbeamin
tensityarecontradictory.Sevenamplificationrangesa
resetup,sothattheamplificationcircuitcanautomatic
allyselecttheappropriaterangeaccordingtotheintens
ityofthebeam,andrealizethewiderangeandhighpreci
sionmeasurementofthebeam.Theweaksignalamplif
ierwasdesignedasFig.3.

Data Acpuirement System

Computer

E E
3

2 Data g
3 3
2 2

Orders

Fig.2.SystemStructureDiagram
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Fig.3.WeakSignalAmplifier

3.3.SignallsolatorandFilter

Becausetheinterferenceat50Hzcaneasilyenterthemeas
urementsystem,a50Hznotchfilterisbuiltbyusinganacti
vefilterUAF42.Inaddition,inordertocompletelyisolate
theanalogcircuitfromthemicrocontrollercircuitelectri

callytoreducetheinterference,aphotocoupleisolationci
rcuitisaddedattheendoftheconditioningcircuit.Inorder
tomaximizethebandwidthofthesystem,ahighlinearity

optcouplerHCNR201isselected. Theisolationcircuitis

showninFig.4.

3.4.C8051F500Microcontroller

TheC8051F500microcontrolleristhecoreofthesystem,
anditsmainfunctionsareasfollows:

(1)Signalacquisition. Theoutputsignalofoperationala

mplifierMAX4132isconvertedtoA/Dafterfilteringand
isolatingcircuit. Itisnotdifficulttorealizethe A/Dconver
sion,becausetheC8051F500microprocessorhasADCc
onverters.

(2)Controlofthesteppermotor. AtimerintheC8051F50
Omicrocontrollerisusedtogenerateacontrolsignal,anda
nl/Opinofthemicrocontrollerisselectedtooutputtheco
ntrolsignaltocontroltherotationofsteppermotor.

RealizethecommunicationwithPC.Thetransmissionof
controlcommandanddatabetweenthesystemandPCisr

ealizedbyRS-232serialport.Inordertorealizetheanti-in
terferenceisolationoftheinputandoutputofthesystem,a
digitalisolatorADUMZ1402isusedtoisolatethesignallin
esTXD0andRXD0ofthecontroller.

VAN

dll

Fig.4.1solationCircuit
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Fig.5.MainProgramFlowoftheSystem

4.SystemSoftwareDesign

Afterinitialization,thesystemreceivesthecommandsig

nalsentbyPCcircularlybytheserialportinterrupt. There

ceivedcommandsignalisjudgedbytheframeheadandth

eframeendatfirst,inordertoensurethecorrectnessofthe

command.lfthereisanerror,thecommandwillbereceive
dagain;ifthereisnoerror,thecommandwillbeparsed.Th

en,accordingtothecommandtype,thecorrespondingset
upoperationisperformed. Atthesametime,thevoltageda
tasampledbyADCissenttoPC.Finally,themeasurement
andcontrolfunctionsarecompleted. Themainprogramfl
owisshowninFig.5.

Inadditiontothesystemsoftware,somesoftwareprogra
mminginneededinPC.ThemainfunctionsofPCareasfol
lows:(1)realizetheprocessinganddisplayingofsystems
tatusinformationandmeasurementresults;(2)sendcont
rolcommandstothemeasurementsystem.Thecorrespo
ndingsoftwarewasdevelopedwithMicrosoftVisual C+
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+6.0.ThenormalizedRMSemittancevalueandemittanc
emeasurementimageareobtainedbyclickingthe"Calcu
lateemittance"buttononthesoftwareinterface. Thedetai
ledsoftwaredesignprocessinPCisnolongerintroduced.

5.ResultandAnalysis

Theemittanceoftheelectroncyclotronresonance(ECR)
ionsourceismeasuredbythedesignedsystem.Firstly,sin
glepointmeasurementiscarriedout. WhentheFaradayc
upmovestothepositionofoneunitbeam,itstopsandrepe
atsthemeasurementofthebeamatthepositionofthebeam
.Thiskindofmeasurementiscalledsinglepointmeasure
ment. ThemeasurementresultsareshowninFig.6.InFig.
6(a),line @
(green)istheunitbeamcurvemeasuredbyoscilloscope,
whileinFig.6(b),themeasurementresultsofthedesigne
dsystemareshown.
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(b)MeasurementResultsoftheDesignedSystem

Fig.6.SinglePointMeasurementResults
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Fig.7.MeasurementResults

Then,allthebeampulsesarerecordedbyadjustingthes
amplingfrequencyandscanningspeed. Themeasure

mentresultsareshowninFig.7.Itiseasytoseethatthere
aresomesmallburrs,smallpeaksandevenbigpeaksatt
hebottomofthemeasuringcurve,whicharethebackgr
oundnoiseofthesystem.Althoughsomenoisesarerela
tivelylargeandformpeaks,theymostlyexistinthefor

mofpulses,whicharedistinctfromtheslowclimbingo
fthemainpeak.Mostofthesmallpeaksareuneven,butt
hebottomofthemeasurementcurveisgenerallyflat,so
theinfluenceofbackgroundnoisecanbeminimizedint
hesubsequentemittancecalculationprocess. Theoutp
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utcurrentofFaradaycuprangesfrom0to2000nA ,andt
hemeasurementaccuracyis2%to8%.

6.Conclusions

Basedontheprincipleofmulti-slitsingle-wiremeasur
ement,anemittancemeasurementsystemisdesigneda
nddevelopedinthispaper.Aimingattheproblemsofhi
ghvoltagepulsedischarge,complexgroundingandele
ctromagneticinterferenceinthemeasurementenviro
nment,aseriesofanti-interferencemeasuressuchasis
olation,filtering,shieldingandsingle-pointgroundin
gareadoptedtoensurethereliabilityofthesystem. Thet
estresultsshowthatthesystemhashighmeasurementa
ccuracyandcanmeettherequirementsofgeneralusers
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