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The microwave absorption of ceramic-cup microwaVe

ion source+
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Abstract An experiment 8ystem af cer锄i“cup microwave ion source has been
built here． I七8 micro哪e abBorption e伍ciency as a fuⅡction of the ma船etic矗eld
aIld the p瑚sure is pre盹nted．When the Inicrowave incident power is 300～500W the
ⅡdcrowaⅣe absorption e伍ciencie8 are Inore than 90％if the sy8tem i8 optimized and

the ma暖Ⅱetic蹦d at the micr例唧window is 0．095T．
Keyword5 Inten8e neutron tube，MicroWaⅣe ion source，Absorption e毋ciency

CLC numbers 0571．53．TL929，TN62

1 INTRoDUCTIoN

The purpose of studying ceramic_cup IIlicrowaVe ion sollrce is to de、relop intense

neutron tube ofwhjchnelltr0Ⅱyieldis 5×1012n／s．Ion sourceis one ofthe main compo—

nents of n地neutron tube and the microwa、陀ion source is a new kiⅡd being developed

in receI止”ars．Co功【p缸ed With the Penni士Lg ion sollrce，the duoplasIIlatron ion sollrce

and the hjgh丘equency ion saIlrce，the mi盯owa”ion sollrce has the maiⅡadyaⅡtages of

lIi曲er atoInjc ion ratio，10wer stable performanc。pressllre，no ekctrode requjred in the

disclI∞ge area．【1】

The co眦on ECR(Ekctron cyclotron Resona丑ce)ion saurces employ 2．45 GⅡz
micrawave coIlpled with a InicrawaⅣe WiⅡdaw to terminate the 10ngitudinaUy magnetized

plas皿吼．The micrdwave ion source is used lbr plasma etchjng and ioll iⅡ驴1antation，【2～4J as

weu as for plasma proplllsion盐d缸s主oⅡapplications．These studies have demonstrated

that the mjcrawaw ion 8011rce c皿he越the p1朋ma at the ECR reson姐ce，p乩砸ze waves

and produce hjgh—density phsm e伍dentl*
Micrdwave absorpti0Ⅱe伍ci姐cy is a major p甜ameter of the microwave ion sollrce．

It i8 v盯y iⅡlponant h i玎1proving operational stability of the ion sollrce，incre船ing
atoInic ions ratio and utili2jng energy emcientl弘 The micr0Wave absorption e伍dency

as a fhnction of magnetic矗eld distribution蛆d pressure was studied and some satis丘ed

reslllts obt甜ned．
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Fig．1 The scheme of the e印erirnental setup of the咖crowdve ion source

(a)The blocJ【graph of experimem facilj￡ies，(b)IoⅡ80urce and vacuum sy8tem

2 EXPERIMENTAL FACILITIES

The s出eme of the expeIi卫脯ntal s“up of虹LeⅡliqawaⅣe ion source is shown in

Fig．1a．It consists 0f a microwave 801lrce，aⅡ正crowwe gllide system，aⅡioⅡs011rce system
and a、racu帆syst锄(shoWn in Fi91b)．The n】icroWave power is generated by a cw
pdWer(MPG-2010c provided by mgh_energy h18titute of Electronjc sdence-technology
university)at a丘equ∞cy，=2．45 GHz孤d血roduced础o the p1抽ma clIaniber via a
vacuum windaw Which worked also as a mat曲g element in the microwave circllitry．
The forward micrdwgve paw盯can be continllously vaded丘om 300 to 1000W孤d con．

tr0Ⅱed by a computer．The microwav8 911ide system jncIudes a circllIator，a directional

coupler她d a three-stub tllner．The ilIddent只and the renected po、Ⅳer Pr aTe measuTed

and Inonitored by the directional coupler．The tll工ee．gtub tuner is通staUed adjacent to

tbe plasma出a缸ber to mat∈h nIe pl舳ma impedance with that of theⅡli盯dwave saurce

drcllit，Tb protect the magⅡetron丘om renected pdwer，the circlllator with a duI哪y
load js iⅡstaIIed to the magne打on wavegIIjde output．Plasma re搴onalIce clIamber mde
0f 95％Ab03 cer姐dc material is e印10red，of which the outer dia瑚eter i8 50 mm，the
i柚er di锄eter 40mm，the 1ength 100mHl，aⅡd the bottonl thickness abaut 10ⅡlIn．The
ceraInic·cup pl硝ma resoⅡ姐ce cha瑚ber is唧loyed in order to meet the special re—
qllireⅡ【ent of the intense neutran tube．hItense neutron tube needs high-be锄currents，
dissipating a few to tens ofl【ilowatt power in the t对get．Gooljng system5 based Dn water

or heon as the c001ant are 1lsed，so it is better to put the target to be at zero potenti以．

However，high voltage isohtion is stm a problem for ion s01lrce With 200～250 kV hjgh

potential．The A1203 ceramic material can transport microwave wlthout impeda工lce and

is01ate to hj曲volt89e exceUently． h addition，it can incre铀e血crawaⅣe absorptjon
emciency because its diekctric co娟cient is high姐d it c孤W0rk at high tenlperatllre，
so it i毫the mod盱ate material for ollr stⅦdy+The m亭Letic rirLg is pl托ed along axis of
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plasma clIaIrlber． M0ving the ma印etic r洫g causes clIanges in the distribution of the

ma驴etic矗eld．The det姐of the mgILetic血g design wiⅡbe described in next sectjon．
The vacum house is made of glass through wllich we caIl obser、，e the phenomenon of
ion extraction． Extraction peal【volt89e is adjustable in the range of O～30 kV．There

is a 20 kn resistance between the extraction ekctrode and the target，which is used to

restrain the secondary electron．The vacuum system can provide a law pressllre up to

10一3Pa．

3 DESIGN oF MAGNETIC RING

The microwave ion source is also called the Injcrowa№一dIiven ion sollrce． The ab—

sorbed Injcrowave is used fbr electron accekration and this results血excitation and

i吼izati∞L of particles，and fbrmtion of plasma．WhenⅡlicrawaVe eⅡergy accelerates the
free electron，ECR mechanism js utilized．Micrawave frequency is equal to the盘equency

of the electroIl眦der EcR condjtion(uce)

u％=Be}m=ud

where日is the Ina屠Ilitude of the 10cal ma昏Letic field，e and m are dectron charge a：nd

mass，respectively． 丑=Bce=0．0875 T for 2．45 GⅡz micr0Waves．uce姐d urf缸e the

electron cyclotron frequency姐d the microwave radiation丘equenc y'respectively．

AccordiⅡg to Popovl5J，Inicrowaves are nneady p01arized wa代s． They can be de-

coⅡlposed into the right-hand poladzed(RHP)waVes壮d the left-hand polarized(LHP)
waves．It is weU known that only the IuIP waves can be dissipated in the ECR heating

and the LHP waves c瑚otbe absorbed in ECR．The high level ofⅡlicrowave power ab-
sorption(>95％)wag r印orted in the overdense plasm．These expe血leIIt reslllts could
be achieved only if there is a皿旧cllaⅡjsm that stops 111icrowaⅣe propagation ddwnstrem
a皿d provides a very hj面kvd of血croWave pa骶r absorption 0f both RHP and LHP
waves．An interpretation of the emd眦t absorption 0f 1inearly pol孤ized wave eILter血g

the 0verdense ECR-type plasma is based on the exper主m眦aJly obserVed tr孤sformation
of RHP蛐d LHP waves mo short wavelength plasma waves whj出stron91y atte肌ate in
Landau d卸1ping．It occtlrs at sites where the plasma density is c10se toⅣcr(Ⅳ口is them缸幽plasma density tlIrough whjch the ndcr0Wave ca皿ot propagate in the abseⅡce
0f the magnetic field)aILd the an百e betWeen the ma弘etic丘eld strength(B)锄d the wave

propagation direction is small．【5J、Ⅳhen pressllre is 10wer than 1 Pa，B>曰ce and日<曰cc

Landau damping c011ld be a major me出aIlism 0f IIlicrowave plasma m血tenaIIce．On the
other hand，accordjng to Stevens’thearetical analysisi6J and the e】中erilllental results on

opt加：lizing and couplingⅡlicrowaⅣe of ECR plasma source，when the nlicrowave w血dow

reaches match血g condition of 1／4 wavelength，it acts as a 1／4 waVelength transformer

With the growing 0f plasma d吼sity’the magIletic矗eld at the II】jcrowave window w011ld

be greater than that in ECR condition．
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Fig．2 the 8tructure aIld magnetic矗eld

Btrength 0f singk NdFeB magnetic b10ck
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Fig．4 The magnetic矗eld distribution oⅡadB

of the∞124×≠60×25mm magⅡetic rin辱

The value8 of dash dot line are not mea8ured．

The瑚agnetic矗eld in the magnetic ring

center i8 theoretically zero

1 Magnetic最eld distribution on∞【i吕，

2 Di宕tribution at 10咖off the axi8，
3 Di8tribution at 20l姗ofrthe a】ds

4 EXPERIMENT RESUI卫
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Fig．3 the structure of the

≠124×≯60×25 rm magnetic ring

Based on above Irlech锄正sm and Tay—

lor’s study【7～9]on magnetic矗eld nlode of

dc口Toton saurce in chalk砒v髓Labora-

tory，Canada，骶have desi弘ed a kind

of ma弘etic丘eld mode．【10】We eInploy

ej{皿NdFeB ma弘etic blocl【s with 25mm
in thicl【Ⅱess to adhe5ive私a西124×

币60×25n皿magnetic mg．The shape of
NdFeB magnetic bloclc and its magneti。

缸ld strength is shawn i工L Fig．2．

The magIletic ring mde by eight Nd·
FeB magnetic blocks js showll jIl Fjg．3．Its

ma印etic field distribution a10ng a】【is is

showⅡiIL Fi94． nom Fig．4，it can

be seen that the ma霹netic field distri．

bution is rath盯u血form姐d the region

(0．085一O．095T1ie about 5mm．

Microwave incident power is 300～500W in the experimeⅡts and the gas presslIre

ig 2x 10—3～10一1 Pa．The best iInpedance matching between Inicrawave electric circuit

and ion s01lrce is got by tuning three．stub t11ner，蛆d the Inicrowave absorption e伍ciency
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as a distribution on ads of fhnction of magnetic field and the pressure is studied

4．1 The relatbns between microwave absorption and rr媳gnetic丑eld dktribu-

tion

The magnetic矗eld distribution is varied by charLging the position of the magnetjc

r血g along the a五s of the plasma clI卸1ber，wllicll is shawn血Fjg．5． By V缸ying the

distance(S)betweeII nlicrowave window and magnetic rmg s11rface，the magnetic矗eld

distribution血the plasma ch卸曲er is varied．Thjs v盯iation甜kcts greatly microwave

abso工ption．The position of the phsma resonance ch姐lber is fixed in e】[periInent and

the magnetic矗eld distribution is v村ied by changing S，sD the耐crawave absorption is

clIanged．The relation between IIlicrowave absorption emciency觚ld S is shown jn F培6．
The Ini盯oWave ab∞Tption娟池erLcy越a‰ction of the m唱驰tic fm distribution is
Bhown in Fig．7．

S，mm

Fig．5 Ma弘etlc ring p。siti彻on pla8ma Fig．8 The IIlicroWave absorption again8t s

re80nance ch砌be‘

n眦n Fig．6 aIId Fig．7，it c孤be hown that when the m每弘etic矗eld at IIlicrawave

w血dow is o．095 T(s=20衄)，the IIlicroWave absorption i8 optinlal． The absorption
e忸ciency is 100％wh髓the incident n吐虹awave paw啦is 300W．

4．2 The relations between rnicr0、vave absorption emciency and pressure

Based on section 4．1，the ma酗etic ring is kept jn the opt皿zed position(s=20tm)，
where the ma弘etic腻d at the microwave window is O_095T．Then by Varying the pres-
sure the relation betweenⅡ1icrawave absorption emdencyand pressllre is obtaiⅡed，whj出

js shdwniIl Fig．8，
·

，>、co口AJon口m鐾坦弓b一=
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Fig．7 The relation between IIIicrawave

abso。ption emciency and地e axial magnetic

矗eld

Fig．8 the relatio珊betweenⅡdcrowave

absorption e最ciency and pressure

1—2×10—3Pa，2—3×10—2Pa，3—4×10—1Pa，

4 1．5Pa

nom Fi98，it can be seen that the rnicrdwave absorption emcieⅡcy is hardly a艉cted

by the pressure．n decre鼬es slawly with the incre笛ing of the incident micrawave power．

5 DISCUSSIoN

Mjcrowave absorption emdency is related to the f0Uowing parameters：impedance

matchjng between mi盯owave8 electric circujt a丑d plasma source，magnetic丘eld strength
孤d its distribution，and pressllre．

Theoretically，the impedance of a plasma-矗Ⅱed ion source depeⅡds oⅡekctron tem-

peratllre，electron density，罄weⅡas magⅡetic fidd孤d its出stribution． h addition，
electron density姐d electron teInperatllre change in a hjghly c伽叩licated way，depend—

jng on亡he 8bsorbed InicroW8ve power，gas presstIre，and mA弘etjc|idd．hl practice，whe丑

the geometric structⅡe of the ion s011rce，pressⅢe，and magnetic丘eld are deter血ned，
the pl船m parameters甜e矗xed，dependiⅡg on a_bsorbed micrawaVe power．The best
station of impeda丑ce matching bet、阳en the商crowave circllit aⅡd the ion source can be

0btained by tunjng three-stub tun盯．

The key to the Inicrdwave absorption is the如agnetic矗eld at the microWave window．

When the mA印etic矗eld strength at the micr0Wave window is字eater th孤O．0875 T of

EcR，the rIlicrowave power absorption w粥10cated mainly iⅡtwo sites：(1)near the

1nicrawave window(2～3cm)where the micrawaveekctric矗eM seems to have a ma】ci|n1蛐
卸叩1itude and plasm density h私a steep Fadient with a mgIlitude ofⅣe close toⅣ盯
(Landau damping)，and(2)at sites along the plasma chalIlber where the magnetic矗eld
has a value of 0．0875 T(ECR heating)． since oIlly the RHP wave can be absorbed in

ECR，it is nec伽缸y to pr硼de a 0．095 T magⅡetic丘eld at the工nicrowave Window．The

，，l_，缸≥0d

c叠五_I量《^，=S警r嚣日辱ti摹墨Z
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condition is obt ained by adjusting the m弛皿etic矗eld distribution．互Iom Fig．6 and F培．7，
it can be seen that when the mag=netic ring is moVed a sman djstance，the magnetic field

distribution in the出aⅡ山er changes and the rnicrawaⅣe absorption emciency v撕es a lot．
WheⅡthe magnetic丘eld at the血crdwave window is 0．095 T，the microwave absorption
is试opt证mm stati0Ⅱ．It is up to 100％when the incid吼t micrawave pawer is 300 W．

TlIis reslllt is also in aPzeement with Stevens’conclusion．【6J

From Fig．8，it can be 1【nown that the micrawgve absorption emciency varies very
Uttle with the pressure． It shows that theⅡdcrowave absorption is stiⅡP．00d at low

pressure，which is importazlt±br the inteⅡseⅡeutroⅡgeⅡerator，becanse nle chance of

c01lision between ions and neutral埘lolecllks is snlaller at low pressure than that at lIiPm

pressuIe．Thjs avoids dis出arge孤d is useful in s01ving the high V01tage i80lation problem．
Based on these resll：lts，t1塘e】币eri咖ts of the ioⅡextraction，ion be蛐optics and

the atonlic ions fatjo wiⅡbe do丑e jn削b如tllre．
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