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Production of intense highly charged ion beams by IMP
14．5 GHz electron cyclotron resonance ion source+
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Abstract A new 14．5 GHz Electron Cyclotron R舶0nance(ECR)ion 80urce has

been con8tructed over the l越t two”ars． The 80urce w聃de8iEned and teBted by

makinE use 0f the late8t re8ult8 from ECR ion source developmeⅡt，8uch as hiEhⅡdrror

magnetic矗eld，large pl硇Im v01urne，蛐d bi硝ed probe．140pA of 07+，185pA of

Ar儿+a11d 50“A of Xe26+could be produced with a RF power of 800 W．The intense

beams of hi曲ly charged rnetaulc ion8 are produced by meaⅡs of七he method of a

rnetal evaporation oven aⅡd volatile compound throu譬h a】dal acce88．T缸e te8t re8ul‘8

甜e 130“A of Ca儿+，70pA of Cal2+and 65肚A of Fel0+．The ion 80urce h拍been

put into operation for the cyclotron at the I叩titute of Modern PhysicB(IMP)．
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1 INTRoDUCTIoN

A new ekctron cyclotron resoⅡ姐ce(ECR)ion sollrce with a RF frequency of

14．5 GHz was bu讧t to satisfy req血em％ts of the cyclotron at the Imtitute of Modern

Physics(IMP)．The pl琊ose of tlIis new ECR ion s叫ce is to produce血eⅡse i0Ⅱbe锄s
with s1Ⅲiciently ld曲出arge 8tate，p缸ticlll缸ly for heavy eleⅡl豇Its．The production of

metamc io咀be眦s are also 011e of t：be maiⅡt聃ks fbr the new ECR i吼source．

h recent years，8everal groups have r印orted that using a hi出a]【ial and radjal

ma弘etic五eld could improve the p盱fomance 0f ECR i0Ⅱ∞11rce fbr highly charged

ion8．【1～7 J Tll盯efbre．increasin置both the axial and radjal ma聃etic盘dd is the key poiⅡt

of desiP丑of the new ECR ion 80llrce．Another po．mt is to jncrea8e the plasma vohmle，

whicll is believed to be benendal to the productioⅡof hi#m charge state ions．Hence a

Dlasm clIa肛lber with a larEe volllⅡ地was desiP：ned．

h tlIis article．the late“reslllts a出ieved如m the 14．5 GⅡzⅨP ECR ion sollrce

f．or the production of缸tense hjP邮y．出arged ion be吼s are preseⅡted．

2 DESCRIPTIoN oF IMP 14．5 GHZ ECR IoN SoURCE

Fig．1 iⅡustrates the stmctllre 0f the mP 14．5 GHz ECR ion s01lrce．The axial

+S“pported by Equipment Upgrading Fllnd and‘0．5’Fllnd for FllndaInental Re8e缸ch hom the Ghi-

neBe Academy of Sdenc船
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146 NUCLEAR SCIENCE AND TECHNIQUES V01．11

ma印etic丘eld is produced by tWo soknoids aIld a sWrounding iron yoke．Each solenoid

consists of 6 double layer paIlcakes with two types ofinternal di锄eters．The total power

consumption of the two s。lenoids is about 80 kW which is pravided by two power supplies

1 2 3 4

Fig．1 schematic view of the IMP 14．5 GHz

ECR ion 80urce w“h the co撕al line RF

feeding 8y8tem

1 Iron yoke，2 Coils，3 Insulator，4 Hexapole

The maxiⅡlm axiaI magnetic field on the

缸is is 1．5 T．The hexaDok consists of

24 pieces of trapezoidal NdFeB magnets，
which are InolInted into an iron cvhnder．

The hexapole丘eId on the plasma chamber

waⅡcan reach 1．0T．The DLasma cham．

ber is made of stainless steel．wlLi∈h has

a double waⅡthat cooUnE water is mn—

niII岳inside．The internal diameter of the

Dhsma da曲er is 70Dm and the e矗色c．

tive 1ength is 300 mm．The RF power is

fed into the ion source thr01lPm a coa】【ial

1试e．The RF即nerator with THOMSON

】【lystron(14．5 GHz，2．5kw)w拍manufac·
t11red jn Ch．ma．

3 PERFoRMANCE oF GASEOUS IoNS

The ECR ion sollrce fbr production of hi曲ly charged ion beams always sll矗矗s from

starvation to cold electrons．Thus sonle e】ctra cold electrons haⅣe to be Dravided to the

ECR plasm jn order to enh姐ce the perfb珊ance 0fl岵111y charged ion beam production．

IⅡthe IMP 14．5 GHz ECR ion sollrce a bi私ed probe at injection side w鹅used and an

ahlI】mmm tube w孙imerted into the plasma clIaIrlber．【o·10】By using the d删I岫tube
Arll+beam c11rrent could be jⅡcre船ed矗om 130弘A to 160“A with a RF power of

600～800W，but the plasma electrode has to be pⅡt deeply试to tl博ch缸dber，because

the position of the plasma electrode is sensitive aⅡd the gas consumption is decreased

obviously．Sometimes the be吼isⅡot very stable in the case of the ahllninm tube inside

the chaJ=n_ber．n is probably because the a】Ⅱ如jn山n tube and the plasma electrode are

over heated and the emission of second ekctron are changed．At this momeⅡt，when we

decrease RF power about 100W and wajt for a few secoⅡds，and then raise the RF power

ag村n，the beam wiⅡc锄e back and rem出stabk．
In order to ke印the ion source r删衄jng qllite stable，the出u工玎iIl姗tube was puUed

out of the plasma chaⅡlber． A new plasma electrode with a special structllre was in，

staUed iⅡto the ch址nber，so that the plasma electrode could be c001ed down throu譬h the

ch棚“ber．The test血dicates that the sotlrce runniIlg isⅡmch more stable and the results

are a little bit better．The ion beaIn currents for gaseous elements we collld obtajn so far
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from the IMP 14．5 GHz ECR ion s011rce盯e

1isted in Tabk 1．hl this test．99％en_

riched isotope 129Xe was used． The spec．

tra fbf the o田tiⅡdzed 40Arll+and 129Xe26+

are given in Fig．2 and Fig．3 re8pectively．

The 99％eⅢiched 129Xe isotoDe and丑atu．

ral krypton were used during the tests．The

ion be锄s in 1、able 1 were extracted at v01t．

age ofl5t018kVt王lrou驰a 9衄apertllre
of the Dl酗ma electrode． The beam de矗n．

inE slit was opeⅡed丘om 6n蚰×6nlm to

20 nun×20 I衄． Be锄currents were Ir塘a．

sured by a量kaday cup biased at 100 V

to suppress the secondary ekctrons． The

translIlission emcieⅡcy ofthe￡est ben出was

estimated omy about 50％．

Table 1 Performance of the 14．5 GHz IMP Fig．2 S。pctrum for the optimzed 40Arll+

ECR ion 80urce for g硇eouB ion8．

Bea皿cur弛nt8／pA

^脚哪墨-暑m-畔∞棚I，^L
Fig．3 Spectrum for the optiIIlized 129Xe26+

4 METALLIC IoN BEAM PRODUCTIoN

A smaⅡevaporation oven and MIVOC fMetal Ion8丘om Volatile CoInpounds)

Irlethod were used fbr meta】1ic ion be锄Droduction．The smaU oven consists of a tanta—

lum tube foT thermal radiation shielding缸d electrical connection，a cera埘c tllbe as aⅡ

electricdl insulator．and a cer枷c heater wound with O．5 r咖di锄eter tantalm wire．【11 J

The oven is abk to reach moTe than 1300。C with about 110 W electrical Dower The

oven is installed into the sollrce axia】ly throuP出a copper tube．The ion source with nlis

oven c0111d dehver the be锄current more than 130“A，70 pA孤d 35弘A for 40Call+，

—rn、-—2．I葺。茸o_

m
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40Cal2+and 40Cal3+，respectively． The consumption of calcium sarnple was less than

1 mg／h when the ion source Tun血g fbr the cyclotron The spectrm fbr the optiIIlized

40Call+is shawn in Fig．4．

The Volatile compollⅡds Fe(c5H5)2 and Ni(c5H5)2 were used to produce iron aIld

ILickel ion beams，respectivdy，byⅡleans of MⅣOC method．阳2]A smaU staillless steel

P 10

．cI

O，．

旷I ’

妣 J磁．
Fig．4 Spectrum for the optimzed 40Call+

^_曲lm-0哪n哪t，-．t．
Fig．5 Spectrum for the optirIlzed 56Fe加+

A--ly五ngm●粤喊cqrr衄t／_．删．

Fig．B Spectrum for the optimzed 58Nilo+
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chaIⅡber was connected to the ion source through a large conductance regulation valve

to control the矗ow rate of the compound vapor． The main problem is tha￡the volatjle

conYpound vapor cont枷nates the vacutm components of the ion source． The typical

operation pressure nleasured at the extraction side is 2．5×10—6 nlbar． It is d瓶cult to

optimize the highly charged i。ns such as Fel5+and Nil5+iIl such vacu恤．With thjs

method，the ion source c011ld produce 65 pA of 56Fel0+，45肛A of 56Fell+and 25“A of

58Nil¨．The source vacuum w酗not嚣ood enou曲妇inE the test 0fnidcelion bea玑The

spectra for the optimized 56Felo+aⅡd 58N主10+are shown in Fig．5孙d Fi96，respectively．
五br application of the ECR ion s011rce to a cydotron，to getintense ion beaⅡls With

hjgher charge state and better be眦stabihty is more iⅡlportaIlt fbr Inetamc ion beam

production．h the I地ar血t11re，a particular eⅡIphasis wiU be made to aim a土those heaⅣy

elem电nts and refractary metals such as tantaI砌，uT孤1i眦，a皿d so on． A new method

fbr production of n坨tallic ion be啦s，using an electron be姐l to heat up a crucible，is

being tested in this ECR ion s011rce．
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