0 3 MAR 2004 | ON SOURCE AND OPERATI ON METHOD THERECF Background of the
I nvention. Field of the Invention 5 This invention relates to an ibhMsbElte
which has a filament for emtting electrons and a reflector for reflecting
the electrons and which applies a magnetic field to the inside of a
pl asma production vessel, and nore particularly to neans for inproving an
ion production efficiency, prolonging the life _0 of the filanent, etc.
Description of the Related Art FIG 12 shows a related art exanple of the
ion source. This ion§PW®ReRdS 28 |EBCTTGRS -NE/THOD OPHERE@Ee. Ani on source
of a simlar structure is also disclosed, for exanple, in 15 Japanese
Pat ent Unexam ned Publication No. Hei. 9-63981. The ion source conprises a
pl asma production vessel 2, for exanple, shaped |ike a rectangul ar
paral | el epi ped and al so serving as Siit 1 V- pal. Gas (containing
al so the case where the ga%a?]ggﬁ‘ﬂbc?)g‘?oﬁ%r%ﬁ%ﬁg&%l asma 16 is
introduced 20 into the inside of the plasma production vessel 2. The pl asna
production vEBsskd @f itheofREANBHCA wal |l face (long-side wall) with an ion
extraction slit 4 for extracting an ion beam 18. 1In the géa & t he, ion
beam 185 s ext r acTieils i owend ithe eladres &7 2P RENFIAHE O HR is%#le. amEITh
filament 6, for exanple, shaped like U for emtting 1 0 3 MAR 2004

for emitting electrons and a reflector Tor reflecting the

electrons and which applies a magnetic field to the inside of
a plasma production vessel, and more particularly to means for
improving an ion production efficiency, prolonging the life

.0 of the filament, etc.

Description'of the Related Art
FIG. 12 shows a related art example of the ion source.
ThisionsourceiscalledBernas—typeionsource. An ion source
of a similar structure is also disclosed, for example, in
15 Japanese Patent Unexamined Publication No. Hel. 9-63981.
The ion source comprises a plasma production vessel 2,
for example, shaped like a rectangular parallelepiped and also
serving as a positive potential. Gas (containing also the case
where the gas is vapor) for producing plasma 16 is introduced
20 into the inside of the plasma production vessel 2. The plasma
production vessel 2 is formed on a wall face (long-side wall}
with an ion extraction slit 4 for extracting an ion beam 18.
In the example, the ion beam 18 is extracted toward the rear
of the plane of the figure.

25 A filament 6, for example, shaped like U, for emitting



an electron e is placed in one side (one short-side wall side) of the

pl asma production vessel 2. The filanment 6 and the pl asna productionﬂSHARzm‘
vessel 2 are electrically insulated by an insulator 12. 5 An opposed
reflector 8 for reflecting the electron e is placed facing the filament 6

I n an opposite side of the plasma production vessel 2 (nanely, the other
short-side wall side facing the filament 6) The opposed reflector 8 and

the plasnma production vessel 2 are electrically insulated by an insul ator

10 13. Theaappbsedroefd ect ptaBedaybenpl atdd iona shicadt-sigigueént & adle)

W t hout connecting to any point. The opposed reflector 8 may be also

connected 4@ tep EAGMOL ridi ftiiloanesd s Bl LNOr End @it iaeieharé ¥nd theepbegasi ve
potential termnal of a filanment power supply 24) by a conductor. 28 for

p! aci ng thﬁgBBBQ%? el et ora Be ieﬁefétlﬂ'ﬁ%qtlyﬁgaggagFEB%Y 3 feserabed in

t he above-nentioned Japanese Patent ~Unexam I cation No. He
9-63981. Aléear reflector 10 for reflecting the electron e is placed
faci ng the“6pposed reflector 8 at a place positioned behind the filament 6

in thefglasna production vessel 2. Nanely, the 20,re%%1refle tor 10.is
pl aced bet veen thB WRIEPRF PoraGteF 8f ToEreetischind B &sd Qfafl *face of

t he plasma production vessel 2 behind the U shaped portion. The_ rear
refl ector pOaard faeing|tdundipesdnst fom wasepPolhees Ble@h B8 PY2FR3ul at ed
by insulators 12 and 14 . The rear reflector 10 has been connected 25 to
one end of prbeutilianments6elndr ¢npaelycuthel ytheéhesheght 5¥de2w@lB fiRe 1004
facing the filament 6). The opposed reflector 8 and the plasma
producﬁion vessel 2 are electrically insulated by an insulator
10 13. Theopposedreflector8maybeplacedinafloatingpotential
without connecting to any point. The opposed reflector 8 may
be also connected tooneendof the filament 6 (moreparticularly,
the negative potential terminal of a filament power supply 24)
by a conductor 28 for placing the opposed reflector 8 in filament
15 ©potential as described in the above-mentioned Japanese Patent
Unexamined Publication No. Hei 9-63981.
Arear reflector 10 for reflecting theelectrone isplaced
facing the opposed reflector 8 at a place positicned behind
the filament 6 in the plasma production vessel 2. Namely, the
20 rear reflector 10 is placed between the U-shaped portion of
the filament 6 and the wall face of the plasma production vessel
2 behind the U-shaped portion. The rear reflector 10 and the
plasma production vessel 2 are electrically insulated by
insulators 12 and 14. The rear reflector 10 has been connected

—~

25 to one end of the filament & (more particularly, the negative



potential termnal of the filanment power supply24) for placing the rear
reflector 10 in filanment potential. In the plasnma production vessel (3,MA& 2004
magnetic field generator 20 placed outside the plasma production vessel 2
5 applies a nmagnetic field 22 along the axis connecting the filanment 6 and
t he opposed reflector 8 to produce and confine the plasma 16. However, the
direction of the magnetic field 22 may be opposite to that shown in the
figure. The magnetic field generator 20 is, for exanple, an el ectromagnet.

10 DC fil ament _voltage VF _(fo X 4 IS L rom
the -DC f,iﬂrg&ﬁé}ﬁl%ag’r’méﬂr%@f 5§emﬁewg§nﬁgﬁtéﬁ%ﬂ¥bﬁéa¥0?%alfc‘?qulacjrrent 6
for emtting an electron  (thernpelectron), e. Froma,DC arc power supply
26, arc vélheadgeam I(Gfﬁfe%%ﬂplré,m 1§1 %@%t@of%ng‘balw i s applied between
one end of the filanment 6 and the plasma production vessel 2 with the
filament 6 as tre Hegyaplesmporentivaltios piesdirde Ar c2dieERELEE HeltSustn t he
filament 6 and the plasnma production vessel 2. FIG 13 shows an exanpl e of
potential geardmdtion 10 phece@0oibnideuthe piesndi pgoructhien slegtssd att. In
the exanple, the opposed reflector 8 is connected to one end of the

filameat a?: Vi dhe; CARGHEEOF 28clboveveriond tihe eppesednnelraetorti is
not connected to any point for placing the opposed reflector 8 in floating

Dot Su P R 0 L SR g R e atmners
the plasma 16. However, the direction of the magnetic field
22 may be opposite to that shown in the figure. The magnetic
field éenerator 20 is, for example, an electromagnet.
10 DC filament voltage Vi (for example, about 2 to 4 V) is
applied from the DC filament power supply 24 to the filament
& to heat the filament 6 for emitting an electron
(thermoelectron) e.
From a DC arc power supply 26, arc voltage Va {for example,
15 about 40 to 100 V) is applied between one end of the filament
6 and the plasma production vessel 2 with the filament 6 as
the negative potential to produce arc discharge between the
filament 6 and the plasma production vessel 2.
FIG. 13 shows an example of potential variation in the
20 ion source according to the related art. In the example, the
opposed reflector 8 is connected to one end of the filament
6 by the conductor 28. However, if the opposed reflector 8
is not connected to any peint for placing the opposed reflector

8infloatingpotential,thepotential<xftheopposedreflector

25 8 becomes the same extent as that in the example, namely, the



sane extent as the potential of the filament 6. The reason is that if the
opposed reflector 8 is placed in the floating potential, a far lar%ﬁrARZML
nunber of light and high-rrobility electrons in the plasma 16 than t é”
nunber of ions are incident 5 on the opposed reflector 8 and thus the
opposed reflector 8 is charged at negative potential. The gas introduced
into the inside of the plasnma production vessel 2 is ionized by the
above-nentioned arc di scharge to produce the plasma 16. Fromthe plasma

16, the ion beam 18 10 can be extracted_ by, an el risc gfie Usdabhy, an
extractioﬁam§l@éﬁﬁﬁ&éaﬁb%hﬁfoggpﬁﬁﬁlt%g %8% gg%ﬁ&%gtig'plgggd at a poi nt

opposed to the ion extraction slit_ 4 (the rear of the.plane ]
figure), Bstthetndf shewprpesed q?ﬁ;%ﬁ?ﬂﬁuﬁi%ﬁﬁp3P6E§§§%o$HFh£9éP§2§g 16
w [l be discussed 15 in detail. The electron e emtted tron1tge filament 6

i s accel epatetttioMar da t her pLasger pnodbeti 6F VdsHe] Pnpyhiga-mobility
above-nentioned arc voltage VA (the filanent voltage VF is small as

ment i oned ;3Re\e G i hhet €fookemas] ¢ ghemethé murtiee Wedc Pps jagre) InCTRERT
accelerated electron e with the energy corresponding to 20 the voltage VA

col l'ides wit 19 8 @nkabngnhtieethgasppolseculre £ lelrdoaby pl asma
16 is %rogbcgg% %ﬁgmg%#gQnge ePectrons (al so containing thernoel ectrons

bove - mortth ST O Thdnet1 T 1 e 55 GRd Fur t her repeat | 66 115i on wi th gas
mol ecules, 25 ther eby, prodych0g ;309 GAfAL] 80016 b BS8Ra beodhR 1BrMAR
vessel 2 is ionized by the above-mentioned arc discharge to
producé the plasma 16. From the plasma 16, the ion beam 18
10 can be extracted by an electric field. Usually, an extraction
electrode for extracting the ion beam 18 is placed at a point
opposed to the ion extraction slit 4 {the rear cf the plane
of the figure), but is not shown here.
The productiocn process of the plasma 16 will be discussed
15 in detail. The electron e emitted from the filament 6 is
accelerated toward the plasma production vessel 2 by the
above*mentionedarcvoltageVA(thefilamentvoltagevpissn@ll
asmentionedaboveandthereforeisignoredjj)thedescription).
Then accelerated electron e with the energy corresponding to
20 the voltage Va collides with a gas molecule for ionizing the
gas molecule, whereby plasma 16 is produced. The ions and
electrons (also containing thermoelectrons emitted from the
filament6)ginthepﬂasma16aretrappedbytheabove-mentioned

magneticfield22andfurtherrepeatcollisionwithgasmolecules,

25 thereby prodicing and confining the plasma 16.



The potential of the plasma 16 becones a potential between the potenti al

of the plasma production vessel 2 and the potentials of both the

reflectors 8 and 10, as shown in FIG 13, and a potenti al differencepaﬂARzum
occurs between the plasnma 16 5 and both the reflectors 8 and 10. The
potential difference causes electrons e enmtted fromthe filament 6 or
produced in the plasma 16 to be reflected on both the reflectors 8 and 10
and reciprocate between both the reflectors 8 and 10. Consequently, the

col i si on probabil.i t &esn I i

;Rgrgifsd ?ng p?§§§%¥T%§%¥$§B£tﬁﬁaﬁhggﬁéﬁgibéggﬁe%gq%rodﬁggg?gfgﬁfegzsult,
acted ion bea C e.inc ; i

ext ract ed sl tPQE§R Ehat g&d ﬁgﬁi P%ﬁsﬂéﬁgﬁgQ%ﬁgggég ggsﬁgggq?gﬁgéggfmhse as

the ions formng the 15 ion beam 18 fromthe i d i
above. Theoteadorslhyf heta thestieh! aCHeREN ?éggHif%%§%ﬂ%ﬁﬁbﬁéfgﬁggged i on

can provide acceleration energy valence times that of a singl C

ion at the3sammdeeglodreattiien Vol ftf&ge nceo 0 CERdp be LWwe ey Gdis )p%@?/?érf%ggg iggﬁ
provides accel eration energy twice that of 20 a singly charged ion) and

t hus high eREN @I ah e efisdd oy dviadet].10 Holkeepotiemtiad i3 fe€g@™z® in the
related art as descri bed above, production of nmultiply charged ions is not

consi dered. ., and E‘:Hlé%ttﬂb%s%oéﬂﬁ't@@ BN Nih eOff itlheemt! 6 pf yodduged irons i s
smal | as conpared with that of nolecular ions or singly charged 25 ions.
That i's, the r;ﬁtals?naOfl ot Pg gul 1d Pl V1 GhRIged it BN hieNr & hee bt 88 MR OW
and reciprocate between both the reflectors 8 and 10.
Conseqﬁentlyn the collision probability between the electrons
10 gandgasnmleculesisincreasedandplasma16wmnjiahighdensity
can be produced. As a result, the extracted ion beam 18 can
be increased.
There is a demand for extracted multiply charged ions
of doubly charged or more ions for use as the ions forming the
15 ion beam 18 from the ion source as described above. The reason
why there is such a demand 1is that a multiply charged ion can
provide acceleration energy valence times that of a singly
charged ion at the same acceleration voltage (for example, a
doubly charged ion provides acceleration energy twice that of
20 asinglychargedion)andthushighenergycanbeeasilyprovided.
However,jjutheionsourcejjltherelatedart.asdescribed
above, production of multiply Charged ions is not considered
and thus the production amouht of the multiply charged ions

issmallascomparedwiththatofmolecularionsorsinglycharged

55 jons. That is, the ratio of the multiply charged ions in the



pl asma 16 and thus the ratio of the multiply charged ions contained in the
ion beam 18 are not high. Therefore, the multiply charged ions cannp§ Mhe 2004
used effectively. 5 Summary of the Invention An object of the present

invention is to provide an ion source and operation nethod thereof which
can inprove the production efficiency of multiply charged ions in an ion
source for increasing the ratio of nmultiply charged ions contained 10 in
an ion beam Oher objects are described later. In order to acconplish the

obj ect abeweside: § chh@WwRgs wBansaarie adoptied. mAttodpilynghto gelle ipresent
invention, there is provided an ion source of a first aspect conprising a

rear reflectioran 0pPAsed; 6T heshons arki harentigr fTharero mowerhel 5
supply, a plasna production vessel, an arc power supply, and a DC bias

power suppl "TQF rear_refle r.i eg%r&ge%lgffé su;afed fromthe
filanment gﬁé%ﬁ? %ﬂéhﬁﬁ??écﬁéﬁfi%%%vgése . e Exiglas pgmer supply is a
power supply individuated from the filanent power supply and the arc power
supply. The DC 20 bias power supply is provided for applying a DC bias
voltage between at |east one of the oggosed reflector and the rear
refleckor and the plasma pro@gmarvnobessel ITWERTEAB reflector as a
negative potential. In the ion source, the potential of at |east one of the
25 opposed ref | éot objand bhethear assfiltedNFENEARTDES aHP RIRHL BASTY B0 3 MAR
2004 on the bias voltage applied fromthe bias power supply
source and operation method thereof which can improve the
production efficiency of multiply charged ions in an ion source
for inéreasing the ratio of multiply charged ions contained
10 in an ion beam. Other objects are described later.
In order to accomplish the object above, the following
means are adopted. According to the present invention, there
is provided an ion source of a first aspect comprising a rear
reflector, an opposed reflector, a filament, a filament power
15 supply, a plasma production vessel, an arc power supply, and
a DC bias power supply. The rear reflector is electrically
insulated from the filament and the plasma production vessel.
The DC bias power supply is a power supply individuated from
the filament power supply and the arc power supply. The DC
20 bias power supply is provided for appiying a DC bias veltage
between at least one of the opposed reflector and the rear
reflector and the plasma production vessel with the reflector
as a negative potential.

In the ion source, the potential of at least one of the

25 opposed reflector and the rear reflector can be adjusted based



i ndependently of the output voltages of the arc power supply and the
filament power supply. Therefore, the energy and the amunt of thgl MAR 2004
el ectrons reflected on the reflector can be 5 adjusted according to the

bi as vol tage. For exanple,the energy and the anount of the el ectron which
reflected are increased wth increasing the bias voltage. In the ion
source, it is possible to use many high-energy electrons to produce plasma
and thus it is possible to nore 10 increase ionization of nolecul es,

at oms, or Jjonspin ¥ies phastRgandigrlodirefachargsr humberp@femmusupply
charged ions. That s, it is possible to inprove the production efficiency

of multi p%ﬁgﬁgﬂ%ﬁeﬂf% Rk 5HEE§|€S{789t5885r@fi@lé)fartd'@dmalﬂ ispipwl ychar ged

i ons conta on beam 1 n case of singly charged ion beam
extraction, many _high-eper el ectrans reflecied opythesehleai®@hleo which
the biasapd g&ef?lgﬁﬁﬁpi ‘?éﬁugﬁggﬂbe&efficienfly used t%&produce t he
pl asma for enhancing the ion productiqn effjcie 0] % % I talS @l so
possi bl e tegcundr ove Ehe §ﬂﬁ§F§OEﬁaF§§§ C%ﬁ FHHH@¥ oheh Qé Pl ciéncy for
increasing the extracted singly charged ionbeam_ In the ion source,  even
i f thesar aajaltteebatsor eiing e, the haaRivgH-teris-gy FOF&R1aENsE 1 EPFENEF Yon t he
reflector to which the bias voltage is applied can ionize the gas
ef ficientlgna tHuSmounti 8fpbissidlect oprevert reldlrRgrRA tafe pgfesed
production 25 efficiency and to prevent a decrease in the beamcurrent. 7 0
3 MAR 2004, iTherefor&asihe f1d amend eortege.and further the arc current
In the ion source, it is possible to use many high-energy
electrc;ns to produce plasma and thus it 1is possible to more
10 increase ionization of molecules, atoms, or ions in the plasma
and produce a larger number of multiply charged ions. That
is, it is possible to improve the production efficiency of
multiply charged ions for increasing the ratio of the multiply
charged ions contained in the ion beam.
15 In case of singly charged ion beam extractlion, many
high-energy electrons reflected on the reflector to which the
bias voltage is applied can also be efficiently used to produce
the plasma for enhancing the ion production efficiency, so that
it is also possible to improve the singly charged ion production
20 efficiency for increasingthe extractedsinglychargedionbeam.
In the ion scurce, even if the arc voltage is reduced,
the high-energy electrons reflected on the reflector to which
the.bias voltage is applied can icnize the gas efficiently.

Thus, it is possible to prevent reducing the plasma production

25 efficiency and to prevent a decrease in the beam current.



need not be nmade | arge. Consequently, it is also made possible to reduce
the arc voltage forprolonging the life of the filanment. Thus, accor dihiR 0t
the ion source, if the principal object 5 is to inprove the ion production
efficiency, the production efficiency of multiply charged and singly
charged ions can be enhanced. If the principal object is to prolong the
life of the filanment, the arc voltage can al so be reduced for prol onging
the life of the filanment. This can be acconplished in singly 10 charged ion

producti og,and Ayl R Ghakaet of:Rreoduehioryr tReththapeererantchn t he
I on producplon effi'ciency and prolonging the life of the filanment can al so

be intended. In the io ource, at | t of , t:he tl.eghgr and
the rear P@Fﬁé&?%#“hﬂ§88§jﬁﬁﬁﬁ O?O§S%§ﬁ5?1gﬁ“h%%f%baggﬁigﬁerb%fggglg

t hernoel ectron radi ation current density than tungsten._. Thus, .it '%

possi bl e te 1rRAIGE shePRE W A TR BRI MBI ﬁé eroeff'f]é%?g}ag'lebeét i vely
to produce and confine the plasma and thus the filanment current required
for produci ng aThruedeteron oty tarthe UPPEUIEE b therRr Fegtied OPPk& ef or e,
it is possible 20 to nore prolong the life of the filanent. In the ion
SOur Ces or ian tepatmiricsr mekhadnt bepdoit ithe effdcérnicyl, GheaPricgaistt 16Re of
the opposed reflector and the rear reflector may be nade negative bel ow

t he pot entisal; Gfertdie o ff hhafepl yashdhgediasd vahipagechsrgpdl ieds dam bieer, in

the ion 25 source or the operation nethod thereof, the bias voltage may B 0
3 MAR 2004 he . s&ly | apgerp 10,V A1 PRI eobhantt he @5 ool drrgeshdhermd aife,
the filament, the arc voltage can also be reduced for prolonging
the life of the filament. This can be accomplished in singly
10 charged ion production and multiply charged ion production.
Both-improvement in the ionproducticnefficiency andprolonging
the life of the filament can alsc be intended.
In the ion source, at least cne of the opposed reflector
and the rear reflector may be made of a material having a higher
15 thermoelectronradiationcurrent density thantungsten. Thus,
it is possible to use also the electrons emitted from the
reflector effectively to produce and confine the plasma and
thus the filament current required for producing a predetermined
arc current can be more reduced. Therefore, 1t is possible
20 to more prolong the life of the filament.
In the ion source or an operation method thereof, the
potential of at least one of the opposed reflector and the rear
reflector may be made negative below the potential of the

filament as the bias voltage is applied. Further, in the ion

25 source or the operation method thereof, the bias voltage may



it is possible to use a | arger nunber of high-energy electrons and thus it
is possible to nore enhancing the effects of inproving the ion prdHhH&RHWL
efficiency, prolonging the Iife of the 5 filanment, etc., described above.
According to the present invention, there is also provided an ion source
of a secend aspect conprising first and second rear reflectors, first and
second opposed reflectors, a filanent, a .filanent power supply, a plasm
production vessel, a arc power 10 supply, and a DC bias power supply. The

first and ge TH%er 16f keekonsrar engheehéi £8 | voi nsgk at exhdrafordie first
and second filaments. The DC bi as power supply is a power supply

Do bt g oL L BLE L E i TR o BEHE eé%%a{b%raeé LG POYRI] e SRy The

DC bias po y-applies a® as VO age etween at | east one of
the first and second rear re Iectors I Jessel with
the refl ec¥ tA8S4 teyBEFv &P S&FHW??%FH ?Hcfﬁgqi gggg?g Jﬁgﬂboten i al of
at |east one of the first and second rear reflectors, can b st.ed based
on the ZUﬂbiasOvopfaéécééﬁﬁl@@ﬁMQ%ﬁWQﬂztﬁ%ﬂ@?ﬁﬁ%ﬁgsﬁbﬁl§l ndént 1y of
the output voltages of the arc power supply and the filanment power supply.
Thus, Bhe fEnEmgynBAndethe, adesnt 1loédt Aeoetectrons reflected on the
reflector can be adjusted according to the bias voltage. Consequently, it
is possible to Usedmiih@bolthglpenengyielentions tthepr ddedeom wevedehd t hus
it is possible 9 D3 MAR 2094 to nore increase ionization of nolecules,
atons, or 4/ NS Nource of a second aspect comprising first and second
rear reflectors, first andsecondopposedreflectors, a filament,
a _filam.ent power supply, a plasma production vessel, a arc power
10 supply, and a DC bias power supply. The first and second rear
reflectors are electrically insulated from the first and second
filaments. The DC bias power supply 1s a power supply
individuated from the filament power supply and the arc power
supply. The DC bias power supply apprlies a DC bias voltage
15 between at least one of the first and second rear reflectors
and the plasma productionvesselwiththereflectorasa negative
potentizl.
In the ion source, the potential of at least one of the
first and second rear reflectors can be adjusted based on the
20 Dbias voltage applied from the bias power supply independently
of the output voltages of the arc power supply and the filament
power supply. Thus, the energy and the amount of the electrons
reflected on the reflector can be adjusted according to the

bias voltage. Conseguently, it 1s possible to use many

25 high-energy electrons to produce plasma and thus it is possikle



the plasma and inprove the ion production efficiency. Consequently, if the
principal object is to inprove the ion production efficiency, the 03 MAR 2004
production efficiency of 5 multiply charged and singly charged ions can be
enhanced. If the principal object is to prolong the life of the filanment,
the arc voltage can al so be reduced for prolonging the life of the
filament. This can be acconplished in singly charged ion production and

mul tiply charged ion production. Both 10 inprovenent in the ion production

ef ficiencyt@ndopeoighgeRge tbRitbteonfotheofbtanes; sesmal serbeohst ended.
Mor eover, the ion source has two pairs of filanments and rear reflectors,

so that the,anpynt Qfaﬁhggﬁ 98§ee%BEt§gnfb?%ﬁu%%ﬁ@hﬂéﬁyﬁqﬁe | be hal ved

for still nore pro?ongln the Iife 15 of “each filament. In the ion source,
at |east one of fhe first,and s nd__rear_refl.ectors. be made pof a
mterial having SoRPGHEF t RerHodt ScPF R CPRATATTONC curd it (ABRGN Ey than
tungsten. Thus, it is possible.to use also the electronggenitted frgnlthe

20 refl ect BPN efRAYG I 9P t 6IFAEAGOEYandt R BNATITE YH B ashd 2&AGDhusl t he

filament current required for producing a predetermined arc current can be
nore r&ducedlt Théretlpreged tand spagsivbreargedd®s fadl &fgerhanrefe offthe
filament. In the ion source or an operation nethod thereof, the 25
potenti al ofeaprieaspadbnebidct hiss flia gircddiossbendifeapfrelfieé ekt brsend, 9 3
MAR 2604 may be made negative bel ow the potentials of the first and second

the arc voltage can also be reduced for prolconging the life

of the filament. This can be accomplished in singly charged

ion prbduction and multiply charged ion production. Both

10 improvement in the ion production efficiency and prolonging

the life of the filament can also be intended.

Moreover, the icn source has two pairs of filaments and
rear reflectors, so that the amount of electrons emitted from
each filament can be halved for still more prolonging the life

15 of each filament.

In the ion source, at least one of the first and second
rear reflectors may be made ¢f a material having a higher
thermoelectronradiationcurrent density thantungsten. Thus,
it is possible to use also the electrons emitted from the

20 reflector effectively to produce and confine the plasma and
thus the filament current required forproducing a predetermined
arc current can be more reduced. Therefore, it is possible
to more prolong the life of the filament.

In the ion source or an operation method thereof, the

25 potentialof at least one of the first and second rear reflectors

10



filaments as the bias voltage is applied. The bias voltage may be set

| arger 10 V or nore than the arc voltage. Therefore, it is possibl §3tMARUSE
a |l arger numnber of high-energy electrons 5 and thus it is possible to nore
enhancing the effects of inproving the ion production efficiency,
prolonging the life of the filanment, etc., described above. In the ion
source, the plasnma can he ignited reliably wth a large filanent current

at the initial condition of 10 operating the ion source and then the

filament current may be redu , | AL $e ief;8 8f 3 h e efdonament
can be stW@Wk“ﬁﬂﬁgeﬁFﬁ$%%ﬁgﬁgg§8Wtnggb?%n% %§F§ﬁh§%%réé, t e nébnitude of

the bias voltage output fromthe, bias. power, .supp .15
By doi ng thilemeiHes afotrt forR% H@TFBHebjegrﬂp&ﬁeadgt ggeﬁ%ﬁg&cﬁ% é)gdgﬁ)?ce can
be controlled at high speed as conpared with the case where the fil anment
current i dechatgédrber éRaMgbhgrorhelhar Wif fdft VOIG IS ef T%§§c? iPt’on of
the Drawings FIG 1 is a schematic sectional viewto show a first exanple
of an ion jgouECEo8ETI ditngute 4 Herigerentitosr ¢f Gigh-ener @ Sisrd 18>
schematically show an exanple of potential variation in the ion source in

FIG 1: 25.FH Gyu3ikkS Sp8saubh g tbeotheosn an exaghe eff £ adies b dgpwsltiage 11 0
3 MAR 2004 characteristic of doubly charged ion beam current of boron;

FIG 4 is .3 drayng, £8,shounan sxairhe of ghe digimg/otiageife of the
filament, etc., described above.

In the ion source, the plasma can be ignited reliably

with a'large filament current at the initial condition of

10 ocperating the ion source and then the filament current may be

reduced. By doing this, the life of the filament can be still

more prolonged.

Turther, in the ion source, the magnitude of the bias

voltage output from the bias power supply may be controlled.

15 By doing this, the amount of the ion beam extracted from the

ion source can be controlled at high speed as compared with

the case where the filament current is changed for changing

the arc current.

20 Brief Description of the Drawings

FIG.]_isaschematicsectionalviewtoshowaafirstexample

of an ion source according to the invention;

FIG. 2 is a drawing to schematically show an example of
potential variation in the ion source in FIG. 1;

25 FIG. 3 is a drawing to show an example of the bias veoltage

11



characteristic of singly charged i on beamcurrent of boron when arc
current is 1000 mMA; 5 FIG 5 is a drawing to show an exanpl e of thi] MAR&I
voltage characteristic of singly charged i on beam current of boron when
arc current is 2000 mMA; FIG 6 is a drawing to show an exanple of the bias
voltage .characteristic of singly charged i on beam current of boron when
10 arc current is 3000 M, FIG 7 is an enlarged drawing of a filanent in
FIG 1, FIG 8 is a drawing to show the experinental result of change in

the diameter, ofc{he; it areatadin i Ghdr@d clord Grehiicu aparald Diorth,F G 9
0 show

s a draw ng e tenperature characteristic of the rate of

T0°Ts & Schemt i adi] DAaT" VW 16 SHOMD CEaRRe® Cuamdl 5ol ‘o Toh Sour o

10 is a schemati OW a seco exanpl e of an ion source
according to the invention; 20 Fl 11 is.a drawn Lealdf, show

an exanpl ehafapoeehsFaf O\faﬂ%‘ﬂf%%ﬁaﬁgtel‘fil?%g’eggh? Eégﬁﬁ‘é{}eﬁ%g;ﬁ FIG 12 is
a schematic sectional view to show an exanple of an ion source in a

rel ated ardrcandrF@ 18 1608 ®Whawi ng to schematically show an exanple 25

of potential variation in the ion source in FIG 12. 12 0 3 MAR 2004
Det ai | gd Descri pti®n 5of s tahér tnventicorhBN@n expEPa esehddgt Peagatti ARt view

to show a first exanple
characteristic of singly charged ion beam current of boron when
arc current is 2000 mA;
FIG. 6 is a drawing to show an example of the bias voltage
characferistic of singly charged ion beam current of boron when -

10 arc current is 3000 m&;

FIG. 7 is an enlarged drawing of a filament in FIG. 1;

FIG. 8 is a drawing to show the experimental result of
change in the diameter of the filament in FIG. 7 after 10-hour
cperation;

15 FIG.9jjsadrawingtoshowthetemperaturecharacteristic
of the rate of evaporation of tungsten and thermoelectron
radiation current density;

FIG. 10 is a schematic sectional view to show a second
example of an ion source according to the invention;

20 FIG. 11 is a drawing to_schematically show an example
of potential variation in the ion source in FIG. 10;

FIG. 12 is a schematic sectional view to show an example
of an ion source in a related art; and

FIG. 13 is a drawing to schematically show an example

25 of potential variation in the ion source in FIG. 12.

12



of an ion source according to the invention. Parts identical 5 with or
simlar to those in the related art exanple previously described w[hMAR 2004
reference to FIG 12 are denoted by the sane reference nunerals in FIG 1
and the differences fromthe related art exanple will be mainly discussed.
In the ion source, a rear reflector 10 is electrically 10 insulated froma
filament 6. That is, here the rear reflector 10 is electrically insulated
fromboth a plasma production vessel 2 and the filanent 6. The rear
reflector 10 and an opposed reflector 8 are electrically connected by a
conductor 30 and are placed in the 15 sane potential. Further, a DC bias

power supply 32 is gk%§¥£1e3gﬁg%¥§iggg%¥LgHgt fyomactblhament power

supply 24 and an ar _ I as power supply 32 is
Bnd the. 20 £ 6ar FrI kaEarc ey § RECHE GEAD FHAOUHR PO LELo8r FAN bot h
the reflectors 8 and 10 as negative potential. First, the ion source wll
be di scussedafir bom tdm:miegssiondingf tonphevikeeR kol tha s clﬁjﬁrrﬁ@d:q%on
production efficiency of . 25 For conparison with the ion source, the
pot ent al LiF 003 MR 2OP4A & ahbaki on Wfe théaited spUrewipl ¢ e avdlcarseldy ar t
showmn in FIG 12 wll be again discussed. As described above, in the
potential gMariatd Onith therdelried AtI@s 1shawr iderfdt@d 18; thee grotent i al
referencenumerals inFIG. 1 andthedifferences fromthe related
art example will be mainly discussed.
fn the ion source, a rear reflector 10 is electrically
10 insulated from a filament 6. That is, here the rear reflector
10iselectricallyinsulatedfrombothaplasmaproductionvessel
2 and the filament 6.

The rear reflector 10 and an opposed reflector 8 are

electrically connected by a conducter 30 and are placed in the
15 same potential.

Further, a DC bias power supply 32 is a power supply
individuated from a filament power supply 24 and an arc power
supply 26. TheDCkﬁaspowersupply32:hsplacadforapplying
a DC bias voltage Vg between the copposed reflector 8 and the

20 rear reflector 10 and the plasma production \}essel 2 with both
the reflectors 8 and 10 as negative potential.

First,theionsourcewillbediscussedfromthe\dewpoint
of improving the multiply charged ion production efficiency

of

25 For comparison with the ion socurce, the potential

13



of the opposed reflector 8 and the rear reflector 10 is equal 5 to or
al nost equal to the potential of the filanment 6. In such potential 03 MAR 2004

variation, reflecting of electrons e by the rear reflector 10 is not
efficient. Therefore, sone of the electrons e emtted fromthe filanment 6
collide with the rear reflector 10 placed in the proximty of the fi

6 and thus

The rear

reflector 10 has only a potential alnost simlar to the pot

nmuch

anent

10 do not contribute to producing or confining the plasm 16.

enti al

correspondizng 4t0 drhe ratgeveobhageuYAcand thesréhet enesgy siodwi him éllextrons e
reflected on the rear reflector 10 is not nuch large. 15 on the other

the opposgd [ef] ety Ianigl <t§10§8%%§éd9nlﬁys ?éseeis@aia@o@m@th@igaﬂeaﬁ 0

pot enti al

correspon e arc vo

sed reflector not muc

| ect ef l.ected t d I i
Ret | oot nd L2 TR S GEtY GiTd 24 Sy ok R bRpBLLd P arieatar BT S net

efficient 20 either. Therefore, many e!e trons e rgﬁ%eﬁtedlgy.the 0

refl ect or F &5enBPPASSH FeFleRECHI &

Can§ear e FFUSed  ant® GHE

collide with the wall face of the plasma production vessel 2. For thi
reasonS irtd he abrosob@aali hottee pPeltardd adr 0L D5 tiid aifdly$ - and™ th¥nount
of the electrons e reflected on both 14 0 3 MAR 2004 reflectors 8 and 10

are smal | polurstidl isaconsiaer edefhattingnpfaeileatabnsoleed ddie atois, or
ions in the plasma 16 by the electrons e is not much increased and t
producti onrarmibior 10 is not much efficient. Therefore, some.cf the

10

electrons e emitted from the filament 6 collide with the rear
reflec‘.tor 10 placed in the proximity of the filament 6 and thus

do not contribute to producing or confining the plasma 16. The

_rear reflector 10 has only a potential almost similar to the

15

20

25

potential corresponding to the arcvoltage Vaand thus the energy
of the electrons e reflected on the rear reflector 10 is not
much large.

On the other hand, the opposed reflector 8 also has cnly
a potential almost similar to the potential corresponding to
the arcvecltage Vaand thus theenergyocf theelectronsereflected
on the opposed reflector 8 is not much large. Reflecting of
the electrons e by the opposed reflector 8 is not much efficient
either. Therefore, many electrons e reflected by the opposed
reflector 8 do not head for the plasma 16 and are diffused and
then ccllide with the wall face of the plasma production vessel
2.

¥or this reason, in the ion source in the related art,

the energy and the amount of the electrons e reflected on both

14

hand,
t he

tage V.; and thus the energy of the

osed

S
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of multiply charged ions is small. 5 In contrast, in the ion source shown
in FIG 1, the bias power supply 32 individuated fromthe filanentihbﬂ&RZWL
supply 24 and the arc power supply 26 is provided. Thus based on the bias
vol tage VB output fromthe bias power supply 32, the potentials of the
opposed reflector 8 and the rear reflector 10 10 can be adjusted

i ndependently of filanment voltage VF and the arc voltage V.:,.. Therefore,
the energy and the anmount of the electrons e reflected on both the

refl ect or s ¢F et dls cnandel Adpust edaddcordhng i b tlise avaghiideads dthathe bi as
vol tage VB. For exanple, as the bias voltage V9 is increased, the

ef fi ci ency; b5 oft 1&f | CEtidIG dllee €| ettdmans dr byorbotin tite nefd et dré By and 10
is enhanced and thus the ambunt of the electrons e reflected 1is increased.

The ener gy ,of tlggltgb?lgtéﬁ%sngtWérﬁ?ﬁ@geggegcﬁrﬁh rheeprefheci onsrbund 10 is

al so increase ows an exanple of potential variation in the 20

i on source accordi to the pre t.Ln {on. The potentials of the
opposed r &t é@?%?l n%h?ﬁ%egeéfﬁge%%ecﬁgiiio can be adjusted by the bias

vol tage VB output fromthe bias power suppl 32. Unli the rel ated art
exanpl &, the potlehfPRLIGF eath Gi¢ 155t ﬁoﬁgggr kPO‘I”%cjtl?)rgg%BaEéI Elbeé%las

an al so be
set to a negative potential 25 bel ow the potentiﬁl of the fil anent

Ther ef or e, Pase 1l ewdnT be i3 2 51 rod 157 iR b 4 T € el Bt g P Wi tSHJéD%Er%t")unt of
the electrons e reflected on both the reflectors 8 and 10 can be made
| ar ger. Actbratichggheoz thepdverr sopPdy, 2Pt 1§ @rmjéjsqqﬁe tT@qfs@aﬁﬁﬁlyon the
bias voltage Vg output from the bias power supply 32, the
potentials of the opposed reflector 8 and the rear reflector
10 10 can be adjusted independently of filament voltage Vr and
the arc voltage Va. Therefore, the energy and the amount of
the electrons e refliected on both the reflectors 8 and 10 can
be adjusted according to the magnitude of the bias voltage Vg,
For example, as thebias voltageVp is increased, the efficiency
15 of reflecting the electrons e by both the reflectors 8 and 10
is enhanced and thus the amount of the electrons ¢ reflected
is increased. The energy of the electrons e reflected on both
the reflectors 8 and 10 is also increased.
FIG. 2 shows an example of potential variation in the
20 ion source according tc the present invention. The potentials
of the opposed reflector 8 and the rear reflector 10 can be
adjusted by the bias veltage Vgoutput from the bias power supply
32 Unlike the related art example, the potential cf each of

boththereflectors8andl0canalsobeset toanegativepotential

25 below the potential of the filament 6. Therefore, as described

15



hi gh-energy el ectrons e as nentioned above to produce and confine 5 the
plasma 16 and thus it is possible to nore increase ionization of nol eci MAR 2004
atons, or ions in the plasma 16 and produce a |arger nunber of nultiply
charged ions. That is, the production efficiency of nmultiply charged ions
can be i.nproved and the ratio of the nultiply charged ions contained in

the plasna 16 10 can be increased. Therefore, it is possible to use the
multiply charged ions effectively. Particularly, the potentials of both

the reflectors 8_. and 10?)?%%@91% Q@?%gvgfQg{é)\@ltet&r@ﬁltsegtfaflgttebe

filament 2B°VEhetRForect9Y 3% Sossible to use a larger nuiber of 15

hi gher - energy el ectrons and thus it,i.s p i régggp_ a | arger
nunber ofoﬁugPFbl§h€h§F§ qtGys #DF%K%H$%é¥§ﬁ€$§$M&%%$Lexanple, preferably
the potential of each of both the reflectors 8 and 10.ifeq§p%5@§gghgve 10 V
or nore and nDrBCCpréﬂ@Qabet@©JV”bﬁON6F§'béFo%FtQ%§?kRent|aI of 1

filament 20 6 based on the bias voltage VB, as seen f onltq§ reiult
descri bednikatenewigtyte ret erene e asaer @ orgd qlﬁ@\fﬁfﬂ@fm%@ A"6f"Fhe bi as
voltage VB is defined based on the potentials of both the reflectors 8 and

10. Hayevepe pitdsndnefaid edukeg 08 pofs stifvd ebt asiovel ingjecase papiBé tden ned
based 25 on the relationship with the arc voltage VA. Specifically, the 16

0 2" SRR UL SR e (e g st hy e P Tl e
accuratel )i’artg%?: absol ute val g, af £ Beg8a6 o .t agaa¥A)s,. the production
efficiency of multiply charged ions can be improved and the
ratic of the multiply charged ions contained in the plasma 16
10 canbe increased. Therefore, it ispossibletouse themultiply
charged ions effectively.
Particularly, the potentials of poth the reflectors 8
and 10 are made negative below the potential of the filament
6. Therefore, it is possible to use a larger number of
15 Thigher-energy electrons € and thus it is possible to produce
a larger number of multiply charged ions mere efficiently.
For example, preferably the potential of each of both
the reflectors 8 and 10 is made negative 10 V or more and mere
preferably 20 V or mocre below the potential of the filament
20 6 based on the bias voltage Vg, as seen from the result described
later with reference to FIG. 3.
The preferred region of the bias voltage Vs is defined
basedonthepotentialsofhoththereflectorsBandlo. However,

the preferred region of the bias voltage Vg may be defined based

25 on the relationship with the arc veltage Va. Specifically, the

16



That is, the difference AV between the bias voltage VB and the 5 arc
voltage VA, (I VBl - | VA1) maybe nmade 10 V or nore . Accordingln,mmnnmg
is also possible to use a | arger nunber of higher-energy electrons g
reflected on both the reflectors 8 and 10 and thus it is possible to
produce a | arger nunber of nultiply charged ions nore efficiently. 10 If
an ion beam 18 of singly charged ions is extracted in case of making the
arc voltage VA snaller than that to produce nultiply charged ions, etc., a

| ar ge nuﬁ%%isg%ﬂ%g{%f Q}ﬁolr‘%l geLrens <& v efheckedoamthoth 1uke ofefthect ors 8

and 10 to s voltage VB is applied can al so be used

el fictent Ly 15,10 Dhochise; e ol asps. 16 4 0o enhanciing, ke 40 weneduat | on

efficienc si'bl e to rnprove e production

efficiency of singly charged ions for_increasing, the ext ' unt of
t he singl YacHerged o fléheTfﬁkP%Ol‘F%%tV%aié‘leaggot}%%S%)ér?Sely:%ggt Tesults
described later with 20 reference to FIGS. 4 to 6. In short, according to
the ion squsee;sthehiodi Pfedente W befthiesinehby bns B littsh Ye Bt d Hehus
such an advantage can be wused to extract a |arger nunber of nultiply

char ged i an% @nttagelvargan | rurhen ofy lsé mgkie Idhdogewbieons ACZRINESHILY .
preferably, the bias voltage VB fromthe bias power 17 0 3 MAR 2604 supply
32 is appljited & @ 1hot e Wppased getd actrefer8 ramberhef hegherefdnestayr 10 as

in the above-descri bed exanple; however, the bias voltage VE. may be

appl i ed Ort]ell%cttorc%é réeﬂretfri%c?@[ﬂoéﬁ%oth the reflectors B and 10 and thus
it is possible to produce a larger nurber of multiply charged
ions more efficiently.

10 If an ion beam 18 of singly charged iomns 1is extracted
in case of making the arc voltage Va smaller than that to produce
nultiply charged ions, etc., a large number of high-energy
electrons e reflected on both the reflectors 8 and 10 to which
the bias voltage Vg is applied can also be used efficiently

15 to produce the plasma 16 for enhancing the ion production
efficiency. Therefore, it is also possible to improve the
production efficiency of singly charged ions for increasing
the extraction amount of the singly charged ion beam 18. This
fact is also sﬁpported by the results described later with

20 | reference to FIGS. 4 to 6.

In short, according to the ion source, the ion production
efficiency can be enhanced and thus such an advantage can be
used to extract a larger number of muitiply charged ions and
a larger number of singly charged ions.

25 Most preferably, the bias voltage Ve from the bias power

17



reflector 8 or the rear reflector. 10. In doing so, the energy 5 and the
anount of the electrons e reflected on the reflector 8 or 10 to m@i%ﬂﬁtﬂg
bias voltage Ve is applied can also be increased as described abo R

it is possible to inprove the production efficiency of nmultiply charged or
singly charged 1ions for increasing the ratio of nmultiply charged or singly
10 charged ions contained in the ion beam 18. To apply the bias voltage
V13 to either the reflector 8 or 10, applying the bias voltage VB to the

rear refl eqlan AQ,Pravigep; aql o st AN AHG o OF JIPIAUAO f BPraduct i on

efficiency arged or sin ged 1 ons because of the

above-descri bed fect 15 Howeve i f. the bias voltage I S lLied to the
opposed F@?Ire'é?gﬁ egféoffhgo iaosn190{11;)‘(::eakh%‘kels'_sg[)‘;f%C]f)lok%%(itj tﬁg(eanié?ée’nﬁgﬁ%geghe
production efficiency of nmultiply charged or singly char ggg%ions noy e than
the ion séheceips Vﬁitﬁéﬁaveéﬁﬁ? ©hEER é@do@nlYHEDéﬁbﬁQﬁﬁ OBES SE ect .
20 The ions in the plasma 16 are incident on and collide wth the opposed
refl ect or r&fdrd tidre 8r eartreefreect e f16ctorwhl ch Int HeibgasovdiiagaevBY s
applied with the energy corresponding to the potential difference between
the plasmani6tardahoiuhtt b thefd betorsnd and flikdtedropditd or fileatei ecti ng
the electrons 25 e. Thus, the tenperatures of both the reflectors 8 and 10

18 0 3 MAR 2Q04 ¢ n¢s easeH e Gh denparaldy a5 asdapperetoicanprafser ad y bot h
the reflectors 8 and 10 are made of a material having a high nelting point

capabl e of; I 63 8ld Nt 88 b Ao d SARESAL URBRs, FOF is possible to improve

the production efficiency of multiply charged or singly charged
ions fér increasing the ratio of multiply charged or singly

10 charged ions contained in the ion beam 18. To apply the bias
voltage Vs to either the reflector 8§ or 10, applying the bias
voltage Vg to the rear reflector 10 preovides a larger advantage
of improving the production efficiency of multiply charged or
singly charged ions because of the above-described effect.

15 However, if the bias voltage Vg is applied tc the opposed
reflector 8, the ion source makes it possible to enhance the
production efficiency of multiply charged or singly charged
ions more than the idn source in the related art because of
the above-described effect.

20 The ions in the plasma 16 are incident on and collide
with the opposed reflector 8 and the rear reflector 10 to which
the bias voltage Vg is applied with the energy corresponding
to the potential difference between the plasma 16 and both the
reflectors 8 and 10 in proportion to reflecting the electrons

25 e. Thus, the temperatures of both the reflectors 8 and 10

18



exanple, preferably both the reflectors 8 and 10 are nmade of 5 group |IVA

metal (Ti,

of the fil
operati ng
life of a

Zr, H), group VA netal (V, No, Ta) or group VIA netal (ﬁﬁ¢qumb
W of elenment periodic table or their alloy (for exanple, alloy of

tungsten and yttrium alloy of tungsten and zirconium etc.,). Next,
ion source will be discussed fromthe viewpoint 10 of prolonging the life

anent 6. Hitherto, an art of reducing arc voltage VA and

an ion source, nanely, extracting an ion beam 18 to prol ong

I've 10ns

£ 6 has.b d (ref !
2869558, ﬂ@kﬁggg%ﬂQB}ﬁﬁghggn 5%%&%&%5.%5 %%EE% %ﬁggﬁ%Qer%%Hﬁﬂ%oN%

p

£ CHORF Pedite LleafEngedf Phe? M3 Ererft

caus

t he

t he

ma 16 are accel erated
by the arc volt%%g VA and col]ide wth the fiIaqgnL QLgIQ?

ref are,. heduci ng
the arc vélheage AR o s o

sputtering of the ions. However, if the arc voltage VA is siggly r educed

in the 26hdldnrspprdetitepiele slifarediaiindtihe heeb @R H gy I the
electrons e emtted fromthe filanment 6 or production in the plasm 16 by
the arc veliage JAprefisoIetuted the sedhettoms 8handes@rape invrdgiafen

above (see FIG 13) . Thus the ionization efficiency of gas by the

electrgns

reduced, 4a

current) t

i

filament curr

i0

15

20

25

alloy (for example, alloy of tungsten and yttrium, alloy of
tungsten and zirconium, etc.,).

Next, the ion source will be discussed from the viewpoint
of prolenging the life of the filament 6.

Hitherto, an art of reducing arc voltage Va and operating
an ion source, namely, extracting an ion beam 18 to prolong
the life of a filament 6 has been proposed (refer to Japanese
Patent No. 2869558, for example). Ions (positive ions) in
plasma 16 are accelerated by the arc veltage Vp and collide
with the filament 6. Therefore, reducing the arc voltage Va
can reduce wearing of the filament 6 caused by sputtering of
the ions.

However, if the arc voltage Va is simply reduced in the
ion source in the related art, the acceleration energy of the
electrons e emitted from the filament & or production in the
plasma 16 by the arc voltage Va is also reduced as seen from
the description given above (see FIG. 13) . Thus the ionization
efficiency of gas by the electrons e is reduced, the production

efficiency of the plasma 16 is reduced, and the amount of the

19

\§ reguGRd a1 herpr aduction 2o ivei ertye of (W,helkpl e o6 i s
the anobunt of the 19 0 3 LI AR 2004 ion beam 18 (nanely, beam

QQ5g9%ﬁ bﬁe@é ract edrd Sw)deereasascht periidea otabnereasimg 1t he
nt gl owed to



flowinto the filament 6 fromthe filanment power supply 24, 5 ther éARZML
i ncreasing the current of arc discharge between the filanment 6 and

pl asma production vessel. 2 (nanely, arc «current, which is also a current
flowng into the arc power supply 26) isal sopossible. |ndoingso, however,
an increasing in the tenperature of the filament 6 grows and the.
evaporation 10 anount of the filanent material increases, resulting in a
new factor of shortening the Iife of the filanent 6. In contrast, in the

i on source according t he. pr t o I PAatt Baneper gy raad ke ianmount
of the el é&fr ﬁgmelge#ﬁ8@F§ ‘ %%% ofﬁkgﬁgeéeflgctorg B and 10 can be

adj usted based on the 15 bias voltage VB. As the bias voltage VB is

i ncr eased deCAE€aEFE-gy  and the amount of the electrons e reflected are
increased, as described above. Particularl¥, it is possiblget%e%§%ca
larger number &b bidghepfenBEgG26RBEt FBRST &L BYCHEKIFHI TERNE ForéRtial’S of
both the reflectors 8 and 10 negati ve bel ow the potential 20 of t@e
filament @lkasdeten thie fhilasend! tageovBLhet [idaaess PO¥GHISEPRLY ¢Se t he

| ar ger nunber of higher-energy electrons e by naking the bias voltage VB
appl i el t%hléqfébai he orefdsaetprs 8 cand eb@ olfapger di6cagg endredwarin thige arc
vol tage VA, as described above. The gas in the plasma production vessel 2

can be io .'ZJ%&E%—?E ef fid etd Yo byshdrep b @hcener gyeekedt onsiamerlef,| @oted on
bot h 20 Oqg' 1004 the refﬁ%ctorsq% and 10. Thus, even if the arc voltage

VA is reduced, .decreasi f Qducti en sefificiiency wfe tdie Poassrm 16
can be pré@ﬁﬁ?ﬁghaﬁﬁuéﬁhggﬁggggg%i%%the beanﬁcdrfgnt of the

supply 26} isalsopossible. Indoing so, however, anincreasing
in the ﬁemperature of the filament 6 grows and the evaporation

10  amount of the filament material increases, resulting in a new
factor of shortening the life of the filament 6.

In contrast, in the ion source according to the present
invention,theenergyandtheamountoftheelectronsgreflected
on both the reflectors B and 10 can be adjusted based on the

15 kiasvoltage Va. Asthebiasvoltagevsisincreased,theenergy
and the amount of the electrons e reflected are increased, as
described above. Particularly, itis possible to use a larger
number of higher-energy electrons e by making the potentials
of both the reflectors 8 and 10 negative below the potential

20 ofthefilament 6basedonthebiasvoltageVe. Itisalsopossible
to use the larger number of higher-energy electrons e by making
the bias voltage V: applied to both the reflectors 8 and 10
larger 10 V or more than the arc voltage Va, as described above.
The gas in the plasma production vessel 2 can be ionized

25 efficiently by the high-energy electrons e reflected on both

20



i on beam 18 can be prevented. Therefore, the filanent current 5 an QMARZWQ
extension the arc current need not be nmade large. This point wll

di scussed in nore detail. To efficiently ionize the gas introduced into
the plasma production. vessel 2 and efficiently produce the plasma 16, it
is necessary to produce many el ectrons e having energy nore than the
ionizing 10 energy of the gas. In the related art, the energy of the

el ectrons e is determned by the arc voltage VA. Therefore, if the arc

vol tage VA LS pade-sprlsl eratdaio t hahvel t agen £6rtespondivel taga Me £éni zi ng
energy of the gas, the ionization efficiency of the gas is beconme snall

rapidly. 135 .n _con L& cddcttihg bifras ciehtager YRd ptgema 10 V
(=AV) or 589@%€%én&%ggég?%gééﬁ?gggF%E ig applied to both the reflectors 8

and 10 as_nenti oned above, the electron : eoar enwol t age
VA and afgg gﬁé g?égqggﬁéﬁ%éeygfﬁegFggQ§58 1&%&?%%&%&?@u§%éﬂt ol €h¥ g

on bot e reflectors 8 and 10 and
havi ng energy 20 hi gher than the energy correspondi ng.tq t ¢ ughkt age VA
can be used beancr £angas PLAVES G hgl i?efﬁé%ﬁer egi%taﬁ‘}%’ﬁtt ?En of the
el ectrons e can be shifted higher as nuch as AV than that en_only the arc
vol tage VAnids hysedkt dviwieoy dihe tare @@ omesd MRS M dRGGy To9T espondi ng
to the arc voltage VA 21 0 3 MAR 2004 voltage Vu are m xed and thus the
wi dth of energy Thi st heovhti niitlyi 1 tdies guewied niphenener g tdiddtri bdfi on of
the electrons e is also widened. Therefore, if the arc voltage VA is
smal |, th%fficiemtly ionize the gas introducedinto the plasmaproduction
vessel 2 and efficiently produce the plasma 16, it is necessary
to prod{Jce many electrons e having energy more than the ionizing
10 energy of the gas. In the related art, the energy of the
electrons e is determined by the arc voltage Va. Therefore,
if the arc voltage Vs is made smaller than the voltage
corresponding to the icnizing energy of the gas, the ionization
efficiency of the gas 1s become small rapidly.
15 In contrast, for example, if the bilas voltage Vg larger
10 V {=AV) or more than the arc voltage V., is applied to both
the reflectors 8 and 10 as mentioned above, the electrons e
accelerated by the arc voltage Va and also the electrons €
reflected on both the reflectors 8 and 10 and having energy
20 higher than the energy corresponding to the arc voltage Va can
be used to ionize gas. Accordingly, the energy distributicn
of the electrcns e can be shifted higher as much as AV than
that when only the arc voltage Va 1is used. Moreover, the

electrons e having energy corresponding to the arc voltage Va

25 and the electrons e having energy correspending to the bias
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energy of the electrons e used to ionize gas can be nmuch 5 distributed in
the vicinity of the energy value fitted for ionizing the gas. Thuys, ugv
if the arc voltage VA is small, the gas can be ionized efficientﬁ?lyﬁaﬂg
decrease in the beam current can be prevented. Mreover, the wearing of
the filanent 6 caused by 10 sputtering of the ions in the plasma 16
depends on the arc voltage V,,, as described above, but not on the bias
voltage VB. This nmeans that if the bias voltage VB is increased, the

vearing 961 t0ge . APl B d sndOhudl N i HRalof Sridng bok Richescehiiegtors 8

and 10 r el ectrons e and do not produce the effect 15 of

accelerating the ions. spyttering.t fil. t 6. r ep Lt the
arc volt age %&@i%E%FEﬂTf¥h§f&3h s§§§§IF%gﬁgéghfghﬁﬁgngﬁggﬁrgg%pEe%gnted

w thout increasing the arc current. because of &gcreaiin t he giaﬁhgoltage
VB. Conseyaenvigenge. i sSThresidie d tegued i i 5PE%y ﬁ%ggmek for 20
prolonging the life of the filanment 6. To nore reduce the arc voltage VA
for nore pnekgmgiofy thheeleteronst fe Usadarent 180188c 925t K8 $F ef'BACe AV
between the bias voltage VE and the arc voltage VA may be nade | arger
than 10 Vgadeserbbeddahoveheor cixdnpl eof ashseamefgonvalepetittedofor
enbodi nent described later, if the bias voltage VB is larger 22 0 3 MAR

2004 20 V;gp;ipeng thanghbe arudoldvage i¥Arha mprevobnagkabl ésefsfiadd, of
preventing a decrease in the beamcurrent is exerted. From the viewpoint

of making,{he, poteny il s Hf; R0f Brirhe ikahth§ChAlSa decrease in the beam

current can be prevented.
Mbreover, the wearing of the filament 6 caused by
10 sputtering of the ions intheplasma 16 depends on the arcvoltage
V. as described.above, but not on the bias voltage Ve. This
means that if the bias voltage Vs is increased, the wearing
of the filament 6 is not grown. That is why both the reflectors
8 and 10 reflect the electrons e and do not produce the effect
15 of accelerating the ions sputtering the filament 6.

Therefore, even if the arc voltage Vs is small, a decrease
in the beam current can be prevented without increasing the
arc current because of increasing the bias voltage Vg.
Consequently, it is possible to reduce the arc voltage Vp for

20 prolonging the life of the filament 6.

To more reduce the arc voltage V. for more prolonging
the life of the filament 6, etc., the difference AV between
the bias voltage Ve and the arc voltage Vs may be made larger
than 10 V described above. For example, as seen froma specific

25 embodiment described later, if the bias voltage Vg is larger
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8 and 10 negative below the potential of the filament 6 based 5 on the bias
vol tage VB, for exanple, preferably the potentials are nade negatiégr#&&m
or nore below the potential of the filanment 6 and nore preferably 0
nore. To prolong the life of the filanment 6, nost preferably, the bias
voltage VB fromthe bias power supply 32 is. applied 10 to both the
opposed reflector 8 and the rear reflector 10 as in the above-descri bed
exanpl e; however, the bias voltage VB my be applied only to either the

opposed reflector 8 or the rear reflector, 10. In doin h gy and
the anmoun200f ox FOTe eBERoRRe &% fPedrdd B thds FSE‘gSrﬁgBl{Srgﬁggtgg whi ch
15 the bias voltage VB is applied can also be increased as _descrpbed above
and accordifngtevemeingr gdecdaeseoi difg braRcGUERAN b S 8ARAREED. Pf Bl'ongi ng
the life of the filanment 6 is not limted to the case where singly char ged

ions are extracéedoast tde rakisg PRenmmdi eyt iipl shef mtthéam 18T 16RECFS al so
possi bl e when nmultiply charged ions such as doubly charged ions as

descri bedela%’f?é{% 81 & S AGaby TRePbOtuse: ALl bf plive dhdrgent 6nbasgdneral |y

the arc voltage VA needs to be increased as conpared with the case where

Singl v, char ged hons, gLa rexlr got 80 Houpwer, her2hbi aeivobbegacyalss

descri®bed®dhbve 1 appriéd” 11 i's poss MAR 20a4 to extract
e Yoot LR S ek ot B e T o aapepy
filament 6.
6 and more preferably 20 V or more.
To prolong the life of the filament 6, most preferably,
the biés voltage Vg from the bias power supply 32 is applied
10 to both the oppcsed reflector 8 and the rear reflector 10 as
in the above-described example; however, the bias voltage Vg
may be applied only to either the oppcsed reflector 8 or the
rear reflector 10. In doing so, the energy and the amount of
the electrons e reflected on the reflector 8 or 10 to which
15 thebias voltage Vg is appliedcanalsobe increased as described
above and accordingly the ion preduction efficiency can be
enhanced.
Prolonging the 1ife of the filament 6 is not limited to
the case where singly charged ions are extracted as the ions
20 making up the ion beam 18, and is alsc possible when multiply
charged ions such as doubly charged ions as described above
are extracted. To produce multiply charged ions, generally
the arc voltage Va needs to be increased as compared with the

case where singly charged ions are extracted. However, the

25 bias voltage Vg as described above is applied, it is possible
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In short, according to the ion source, if the principal 5 object is to

i nprove the ion production efficiency, the production efficiency ﬁM ?
mul ti ply charged and singly charged ions can be enhanced. If the A%'@gl
object is to prolong the life of the filament 6, the arc voltage VA can

al so be reduced for prolonging the |life of the filanment 6. This can be 10
acconplished in singly charged ion production and nultiply charged ion
production. Both inprovenment in the ion production efficiency and

prol ongi n th?x{%éﬁtoﬁ%%éf%%%t ?ée@ £8Asakson he ppgskblevoleade Whi s,

the arc v than that if the principal object is

to prolong, the l.ife of 15 t.he anent t If le for
i mpr ovi ng +heMBrddictF SIS BrAG cc{ah8vebfanrﬁ,|f:[§l8%|lyt g agrgse%ngo(ansIB(gs%%ggQ

di scussed. FIG 3 shows as enbodi nent the experinental result of the

si tuation §® mh@bﬂnghéhﬁeéhﬁéuPFeﬁPeoflééﬁﬁpg éharged ions 20 of boron
(B'+) contained in a boron ion beamas the ion beam 18 changes. dependlng on
the bias vol t agelvBhwhen bocondirnd o] tbeiiwn EBE3)Cyas fi shpnpy baceRdalinto
the inside of the plasma production vessel 2 using the ion source shown in
FIG |5 angbibetbarontbonmpeamel stiext raat esr@dudheon or fifdamelsy At t28 this
time, the arc voltage VA is set to 60 V and the filanent 24 0 3 MAR 2004

(hel oo RREEFLERLEPP e LU M sttt etamsany
I's placed ions can be enhanced. If the principal object is to prolong
the 1ife of the filament 6, the arc voltage Va can alsc be reduced
. for prblonging the life of the filament 6. This can be
10 . accomplished in singly charged ion production and multiply
charged ion production. Both improvement in the icn production
efficiency and prolonging the life of the filament 6 can also
be possible. To do this, the arc voltage Vamay be reduced less
than that if the principal cbject is to prolong the life of
15 the filament 6.
Next,amorespecificexampleforimprovingtheproduction
efficiency of multiply charged ions will be discussed.
FIG. 3 shows as embodiment the experimental result of
the situation in which the beam current of doubly charged ions
20 of boron (B) contained in a boron ion beam as the ion beam
18 changes depending on the bias voltage Ve ‘Nhén boron
tri-fluorine (BFs) gas is introduced into the inside of the
plasma production vessel 2 using the ion scurce shown in FIG.

1 and the boron ion beam is extracted as the ion beam 18. At

25 this time, the arc voltage V. is set to 60V and the filament
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in floating potential (nanely, the conductor 2B is not connected) 5 in the
ion source in the related art previously descried with reference koMM 2804
12 under the sane condition. In the related art exanple, the bias voltage
VB is not applied and thus the value on the horizontal axis of neasurenent
point is not shown (cannot be shown). 10 In the enbodi nent, when the bias
vol tage VB exceeds 60 V, the B2+ beam current increases rapidly. Wen the
bias voltage VB is -70 V or nore, a clear difference fromthat in the

rel ated apt texamieicsssecetio Wrentt BeVbi as voltage VB is 80 V or nore, a
remar kabl e difference fromthat in the related art exanple 15 is seen. That
is, in the enbodifgent a1sinskotbearelybktiage exampdesha/exprgipenéati al of
the filanent 6 is about -60 Vwith the potential of the plasma production

vessel 2 fe2F @RCE, -ur VN 28 P9é eRpbaks 0éf bettot el efilaeetors 8
and 10 ar g%r?a géﬁeBga;Bi%\%e %%fow - 60V basgg on the bias voltage VB, it is

Possi bl e 20,19, 21 oL e Lhe ki sely ol | Dot eashngbio o3, heemusuiscans) Mor e

parti cul art mcurrent, preferably the bias voltage
VB is 70 V or nore and nore preferably the bias v VB..i s, 80,;\¥por

nore. ¥n mm@h%@ﬁs§0%¥%?é"§5$f, rFthR@)éeﬁlo?E tﬁra‘?%lﬁg%gﬁe%fe%cgf 'ectors 8
and 10 are nmade negative 25 10 V or nore bel ow the 0te9tia$%of tq%d

filanent & efasmhan (25F0G3 NWARNPEHALRASHRSORORtA9E -VBIP NS “5Tét & abl v

the potentials are nade negative 20 V or nore bel ow the potential_ of the

filament Grt lexaglg she tHesBelbeam FartemoafRRl 18d 14 fdds FHSni ce
t hat

value on the horizontal axis of measurement point is not shown
(cannct be shown) .

10 Tn the embodiment, when the bias voltage Vs exceeds 60
V,theEf*beamcurrentincreasesrapidly. When thebias voltage
Vg is 70 V or more, a clear difference from that in the related
art example is seen. When the bias voltage Vg is 80 V or more,
a remarkable difference from that in the related art example

15 is seen. That is, in the embodiment, since the arc voltage
Vs is 60 V, the potential of the filament 6 is about -60 V’with
thepotentialoftheplasmaproductimuvessel2asthereference.
When the potentials of both the reflectors 8 and 10 are made
negative below -60V hased on the bias voltage Vg, it 1s possible

20 to provide the effect of increasing the B°® beam current. More
particularly, to extract the B? beam current, preferably the
bias voltage Vg is 70 V or more and more preferably the bilas
voltage Vg is 80 V or more. In other words, preferably, the
potentials of both the reflectors 8 and 10 are made negative

25 10 V or mbre below the potential of the filament 6 based on
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in the related art exanple can be provided. 5 As seen in FIG 3, when the
bi as voltage VB approaches 160 V, an increase in the B2+ beam currgmntMAR 3004
saturated. If the bias voltage VB is nade too large, it becones hard to
electrically insulate both the reflectors 8 and 10 and thus the upper
limt of. the bias voltage VB is determ ned naturally 10 fromthe point of
the electric insulation. In FIG 3, the reason why there i s no neasurenent
poi nt when t-he bias voltage VB is smaller than 60 Vis that if the bias
vol tage VB ksels smkher VhanMedeVprafkearbéyl dhe reterhial$law Mafo t he
bi as power supply 32 and it becones difficult 15 to neasure the B2+ beam

current. ic s cansidler ed hBak bbgowpokersdnofal hef minsir Edrs: (4, t he
vicinity of =60 V under the above-nentioned condition and if the bias

voltage VB 8o:5ef AL hanP0LYy et idle 1of haakar sofande khauil | in

t he el ect rdh reflect the electrons e. 20 The enbodi nent

applies to the doubly charged ions. of bor.on, e invention can al so be
used to prdtucd aﬁ%il%%?‘fla@?t nef RS Ceharg ‘igg‘rﬁ%égf her than the doubly

charged ions of boron, of course. For exanple, it.can a&so belg%%ggo
producké, etc., Amlagel yircHdiged: i Uﬁ§nthE%§ﬁﬁoYﬂ%ti“ﬁ’?. B S HEGEH hor e
speci fic enbodi ment for making it possible 26 0 3 MAR 2004~ to grolfpg t he
life of thesdiVamentitcwddde ben ditstissderan PGS et th° S3HOIP A
experinental result of the situation in which the beamcurrent of singly
charged i aitse ohiber eB1¢Bye Ve is made toc large, it becomes hard to

electrically insulate both the reflectors 8 and 10 and thus

the upper limit of the bias voltage Vg is determined naturally

10 from the point of the electric insulation.

Tn FIG. 3, the reason why there is no measurement point
when the bias voltage Vg is smaller than 60 V is that if the
bias voltage Vg is set smaller than 60 V, a large load current
flows into the bias power supply 32 and it becomes difficult

15 to measure the B?' beam current. It is considered that the
potential of the plasma 16 is in the vicinity of -60 V under
the above-mentioned condition and if the blas voltage Vg is
set smaller than 60 V, both the reflectors 8 and 10 pull in
the electrons e rather than reflect the electrons e.

20 The embodiment applies tothedoublychargedionsofboron,
buttheinventioncanalsobeusedtoproduceandextractmultiply
charged ions other than the doubly charged ions of boron, of
course. For example, it can alsc be used to produce, etc.,

multiply charged ions of phosphorus {P).

25 Next, a more specific embodiment for making it possible
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contained in a boron ion beamas the ion beam 18 changes depending 5 on
the bias voltage V8 when boron tri-fluorine (BF3) gas is introducedggmm[]l]l.
the inside of the plasma production vessel 2 as in the above-descri bed
enbodi ment using the ion source showmm in FIG 1 and the boron ion beamis
extracted as the ion beam 18, At: this time, the arc voltages VA are set
to 45V, 6GV, 10 and 75 V and the filanent voltage VE, is set to about 2 V.
FIG 4 shows the result when the arc current is 1000 rfA., FIG 5 shows

t he resul ttonvpe idrey artee cur femt £ ish@ 0Dl anentant W 1E Be shbasussa@- resul t
when the arc current is 3000 mA. In each figure, the measurenment point when

the bias voltage1dsS ¥YBd & shhes 1 onesbewileneaqhr &6¢l v olft dge sWAuamdmel y,
hol | ow measurenent point) in the case where the bias voltage VB is not

applied, n ¢ r t : l:a6ed o fi f1 in

pglto elnti al .1%Fﬁh¥ﬁﬁ‘s%§sﬁe$§? hcgjllrrgegjstg%% %/ﬁ?ﬁ%]&p%{%en%pilal S 81; | 18%??1 tﬁm ’
flect 8 .and 10.b tential ]i

ot ent i al PO EFOTe B LOR PIRET e BE s e o et (e o1

corresc,gondi ng to the bias voltage VB in [

t he f, reis a crj_bed above.
In FIG 400 fthend e Vol tage X whers® oy oah rtllﬁ Qar!slsn‘?/zﬁ’{jfeaiae g|\9|§3 % n\c/)t

applied, about 110 ~tA is provided as the beam 25 current. In contrast, if
the arc vdntageinged sin® Whendnshae2g T Ot Ize MR S0 2 1 S AT J58 578 i%5 not
applied, only about 60 pA can be provided as the beamcurrent. The beam

current i sisdfagiieabbycdeeseasedd ertiovwivernt as ingetlve 4onveddage sEBYar ger
than the arc voltage
in FIG. 1 and the boron ion beam is extracted as the ion beam
18. At this time, the arc voltages V, are sét to 45V, 606 V,
10 and 75 V and the filament voltage V: is set to about 2 V. FIG.
4 shows the result when the arc current is 1000 mA, FIG. 5 shows
the result when the arc current is 2000 mA, and FIG. 6 shows
the result when the arc current is 3C00 mA.
Ineachfigure,themeasurementpointwhenthebiasvoltage
15 Vp is the lowest with each arc voltage Vi {namely, hocllow
measurement point) in the case where the bias voltage Vg 1is
not applied, namely, both the reflectors 8 and 10 are placed
in a floating potential. In this case, the reason why the
potentials of both the reflectors 8 and 10 become potentials
20 slightlysmallerthanthepotentialofthearcvoltageVA,namely,
become the potentials corresponding to the bias voltage Vg in
the figure is as described above.
In FIG. 4, if the arc voltage V, is 60 V and the bias
voltage Vg is not applied, about 110 pA is provided as the beam

25 current. In contrast, if the arc voltage Vi is 45 V and the

27



VA i s appl

i ncreased.

voltage - VA, the beamcurrent is increased remarkably as conpared with
the tinme when the bias voltage VB is not applied. Specifically,

ied and is increased, the beamcurrent is increased 5 and i[]f mﬁ%m
bias voltage VB is nade larger 10 V or nore than the arc voltage VA &
the bias voltage VB is set to 55 V or nore), the beamcurrent clearly is

If the bias voltage VB is nmade |larger 20 V or nore-than the arc

al t hough

10

the arc voltage VA is reduced to 45V, if the bias voltage VB is set to 60

to 65 V, thesheamt Nis 680 % Pray] ded yalp &b 03 pihe s 8By exb Rt gas it
is provided av\/nen tér:ldgé grgc SvoI taag:gp VA is 60y€;S and theujéi as vgﬁ:t)‘age VB is not

15 appl i edas?%.t}:f(éaﬁm cé?ffé%%@serﬂé‘b[egﬁ REAB U] £ BBt ¢3R4 %yﬁc‘i@é’@é‘é@é‘d

sufficiently. Li

ew se, If the arc voltage VA is reduce

60 V, the bias

I VB, i de | oV h h I VA {t he_bi
vol 1age vePeelBE" 8786 Bvaiully PEbE i o/ 1 il i robe Canibie

provided at the sane or mpre 20 extent _as_ it _is provided when the arc

vol tage VA4 &578PRlaRd aRfiel bildChrATesl

e B8 PSafofURpRRTFetS 1T ¢

current is increased for increasing the whole beamcurrent as in FIGS. 5
and 6, 5t heabilast vohe algbz VBV StageleVs |id gwdel gl arart nidt & tdiarmehre dgran
vol tage VA, nore preferably 25 20 V or nore, whereby the beam current
clearly incheased 28l 0a3e VAR (2304 has bdasparéd awiet Wat he tetretehgh ¥her bi as
voltage VB is not applied. That is, by increasing the bias voltage VB,
even if theoser, vektBgemVAurgehedeaedrlg 4% nardameasa i ntidies heam

current

10

15

20

25

voltage Vg is made larger 20 V or more than the arc voltage
Va, the beam current is increased remarkably as compared with
the time when the bias vcltage Vg 1s not applied.

Specifically, although the arc voltage Vi is reduced to
45 V, if the bias voltage Vg is set to 60 to 65 V, the beam
current canbeprovidedat almost thesameextentasitisprovided
when the arc voltage V, is 60 V and the bias voltage Vp is not
applied. Thatis, adecreaseinthebeamcurrentcanbeprevented
sufficiently. Likewise, if the arc voltage Vp is reduced to
60 V, the bias voltage Vg 1s made larger 10 V or more than the
arc vcltage V, {(the bias voltage Vg is set to 70 V or more),
whereby the beam current can be provided at the same cor more
extent as it is provided when the arc voltage Va is 75 V and
the bias vcltage Vg is not applied.

If the arc current 1s increased for increasing the whole
beam current as in FIGS. 5 and 6, the bias voltage Vg is made
larger 10 V or more than the arc voltage V,, more preferably

20 V or more, whereby the beam current 1s clearly increased

28
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can be prevented and the beam current can be nade to approach 5 the beam
current when the arc voltage VA is 60 V and the bias voltage VB igamngmg

applied. Likewise, if the arc voltage VA is reduced to 60 V, the beam
current can be provided at the sane or nore extent as it is provided when
the arc.voltage VAis 75 V and the bias voltage VB is not applied. 10 As
seen fromthe experinental results previously described with reference to
FIGS. 4to 6, if the difference AV between the bias voltage VB and the arc

vol tage VAi sompdecdaigethe SionewRehaitie bafs vdareasevi Ns ke eariedr rent
is saturated and thus the upper Iimt of the difference AV can be

consi der edrit t 05 e, Rbouit r 80s Mng ThEe P 2EEI @alitaaeevg,' | O &n Of £ L HRo DLAS

voltage VB itself is about 160"V for a simlar reason to that descri bed

b : i I I f f th
i L ament 6 Thatl o7 hot BRT E4eks ahbunt of SRE" 5o th hetEr bt CtRESHT ) amont

6) after the plasma 16 is grgdgce conti nuously foh 10 hours when the arc
vol tages VATARE 56 oV 5d 68NV ERAPEHE G Tl 1568t Bes™8560¢ e RRT AgCAr gon

(Ar) gas as plasma production %as in the_ ion source shown in FIG 1. At
this tfne, thhdmmswdiangeher tdesatct goddaye ¥ Gs FOsHoasdobhenel ds anet er
measur enent points of thefilanment6, corresponding 29 D 3 MAR 2904 to the
hori zont alvakiagofVeFl G n@. afp lsesh | hike@isg, if the awrc wool tage WALSS
reduced from 60 V to 50V, the wear of the filanent 6 is decreased
drasti cal Inseduced to 60 V, the beam current can be provided at the same
or more extent as it is provided when the arc voltage Vi is
75 V and the bias voltage Vs is not applied.
10 As seen from the experimental resulits previocusly
described with reference to FIGS. 4 to 6, if the difference
AV between the bias voltage Vg and the arc veltage Va is made
large tosomeextent, anincreaseinthebeamcurrent issaturated
and thus the upper limit of the difference AV can be considered
15 to be about 80 V. The practical upper limit ¢f the bias voltage
Ve itself is about 160 V for a similar reason to that described
above.
Next, FIG. 8 shows the experimental result of the wear
state of the filament €& (namely, the decrease amount of the
20 diameter of the filament 6) after the plasma 16 is produced
continucusly for 10 hours when the arc voltages Vp are 50 V
and 60 V and the arc current is 2500 mA using argon (Ar) gas
as plasma production gas in the ion source shown in FIG. 1.

At this time, the bias voltage Vg is set to 90 V. FIG. 7 shows

25 thediametermeasurement pointsof the filament €, corresponding
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Specifically, the dianeter decrease anount in the vicinity of 5 the tip of
the filanent 6 is decreased near to a half. Therefore, the life ofBﬂWERZM{
filanment 6 is prolonged drastically. This is an exanple wherein the arc
voltage VA is reduced 10 Vfrom60 V to 50 V; it can be easily estimated
fromthe.result that if the are voltage VA is reduced nore than 10 V, the
life of the 10 filament 6 is nore prolonged. According to the in source
according to the invention, as described above, as the ion production

ef fici ency tics tH@rravethontde filameptpegrrent required for generating a
predeterm ned arc current can also be reduced. Accordingly the tenperature

15 of the filanenls Geean; pepdecieased AL IS diale O, evanaraldon -.of, the

conmponent materia romt 11 arren can be re fe of
the filane .g o | sg be prol e%“ This point.wll be %iscusseg in
detail . Pl E0 OtEn o e Rhgdr Hs e 1RSI0t i ST EEHACR S BeaEe aofY
evaporation of = 20 tungsten generally used as material of the filanent 6
and t her noePEEEAGTFHA atPenCteme et PRMG3SL apeundxapptiee tirlnitenpdr at ure
for halving the thernoel ectron radiation current density at filament
t enper at ur §h2800p Kidihssel i gnehie bricy fatreapedatizontd eiadrfat ufeere f2720 K. In
this case, the rate of 25 evaporation of tungsten becones about a quarter
(accurat el yhe3Difie3o MAR2004 el t3) andotdkohgée dfadthiecdil anenthiG ks
prol onged close to four tines. That is, if the tenperature of the fil anent
6 is decraasedahbom ahevtiR800e Kot ® Ao gR120i K rddiecd hergraelscly @a
V to 50 V; it can be easily estimated from the result that if
the arc voltage Vi is reduced more than 10 V, the life of the
10 filament 6 is more prolonged.
According to the ion source according to the invention,
asdescribedabove, astheionproductionefficiencyisimproved,
the filament current required for generating a predetermined
arc current can also be reduced. Accordingly the temperature
15 of the filament 6 can be decreased and the rate of evaporation
of the component material from the filament 6 can be reduced,
so that the life of the filament 6 can also be prolonged.
This point will be discussed in detail. FIG. 9 shows
the temperature characteristic of the rate of evaporation of
20 tungsten generally used as material of the filament 6 and
- thermoelectron radiation current density. For example, the
temperature for halving the thermoelectron radiation current
density at filament temperature 2800 K close to the normal

operation temperature is 2720 K. In this case, the rate of

25 evaporation of tungsten becomes about a quarter (accurately,
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radi ation current density is reduced to about a half, but the 5 decrease in
the beamcurrent at the tinme can be prevented by applylng t he bi as[3WAR g
VB descri bed above, and noreover the life of the filanment 6 is prol onged
about four tinmes. As the ions fromthe plasnma 16 are incident on and
collide -with the opposed reflector 8 and the rear reflector 10, the 10
tenperatures of the opposed reflector 8 and the rear reflector 10 increase
to high tenperatures as described above and therefore at |east one of,

pr ef er abl yl bét B) oéndheheppbsedof efhecfblaBenhind thepreadengefll etvoe 10 may
be made of a material having a higher thernoel ectron radiation current

density thasutungséen ISaf igeneratheoimonens t bt esf alheoff itkheehit @anept 6.
In doing so, it is possible to use also the electrons emtted fromeither

or both 0fdé@?e£§éb@ﬁ&ﬂﬂ§b§u@ﬁﬂ%ﬁ9KﬁE$%&khM?szbQ<p%ﬁ%“@@é@ﬂ&el@@ﬂ?bﬂe the
pl asma 16. Thus the filament current required for prod u0|ng a

bredet er i e af £of WL, 3L e Pt Leguced 2pd.20,accor 'fn%%ttleﬁl“fe

of the filanen can nore prol-onge eria aV|ng a hi'gher

t hernmoel ectron radiatiqn .current density than.tungs (about X 10_,)

, for éxa ?%Fea%%n%%lﬁ?ﬁ CfFBUC T X ifot LS 38 nP{%B‘BHFe? by X

10-3) , niobium (about 1 . 2 X 10-') , zirconium ( about 5. 5 X 10-2) ,

al | oy of tIRRSYEMI IBeaRd oyt ERFURT E dbrotiesaribgy abeye oyp st MegREYEEntARd

zirconium (about 31 0 3 t1 R 2004 0.24), etc., can be used. Each nuneric

val ue enclbsedl ¢h thar éhl aeses BndEcaresonedt heowselfestr drimesd at i on

current density of the material at 2000 K (in units of Alcn2) . The reason
As the ions from the plasma 16 are incident on and collide

with the opposed reflector 8 and the rear reflector 10, the

10 temperatures of the opposed reflector 8 and the rear reflector
l0increasetohightemperaturesasdescribedabove andtherefore

at least one of, preferably both of the oppesed reflector 8

and the rear reflector 10 may be made of a material having a
higher thermoelectron radiation current density than tungsten

15 of general compcnent material of the filament 6. In doing so,
it is possible to use also the electrons emitted from either

or both of the reflectors 8 and 10 effectively to produce and
confine the plasma 16. Thus the filament current reqguired for
producing a predetermined arc current can be more reduced and

20 accordingly the 1life of the filament 6 can be more prelonged.
As the material having a higher thermoelectron radiation

current density than tungsten (about 8.7 X 107'), for example,
tantalum (about 9.9X 10‘3) , molybdenum {about 7.7X 107%) , nNiobium
(about 1.2X 1077}, zirconium (about 5.5X107%), alloy of tungsten

25 and yttrium (about 4.4), alloy of tungsten and zirconium (about
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why tungsten is used as the reference is that tungsten is a 5 general

t hernoel ectron em ssion material. Anong the materials, tantalunliB RZME
preferred materials because it has a high neltingpoint (about 325 E?

a large thernoel ectron radiation current density and noreover is
conparatively inexpensive. As described above, according to the ion source
according 10 to the invention, as the ion production efficiency is

i nproved, the filament current can be reduced and thus an operation nethod
of relativel g4enl atgi.ng dare Hea | asedt cBackntumerthe visdive sdncloogril tion of
operating the ion source and then relatively reducing the filanment current

may be adopiednthBsdei Agdseatts the pimsiwelecanberddit ash rebindky with
| arge filament current at the initial condition of operating the ion

source andythen: tcneuﬁﬁn%%%@tlaqtg Qﬂbo'I«S {ﬁqﬂg%@@f’w&ﬁw thedidgsof the

filanment 6 can e st nor e pro onged a material having a higher

thernnelect ron di t d t

above is 1deY naPdsf '22@&%%@“2”9%% %?%%%fné%a?% e ﬁ’l‘ﬂ%%%é‘%dfé"%‘l ect or
8 and _the rear reflector 0 ble to e_al | ect

i 1 ed f T3 BT E A M oA HBEF ol PBERGEE 18 1an a6 1PN Vel 34116

produce and confine the plasma 16 as described above. Thus 25 it s
possi bl e teaBE# I HMmbE eoR @ diie @ e T qhferie ré drlre RECEMEEr 15208533 I 2004
the ion source operation is started for still nore prolonging the life of
the fil ameneldingToindel abowit 82 PaK) kend agaaghitdieemoei@atosinecad bt ¥e/i at i on
current density and moreover is comparatively inexpensive.
As described above, according to the ion source according
10 to the invention, as the ion production efficiency is improved,
the filament current can be reduced and thus an operationmethod
of relatively enlarging the filament current at the initial
condition of operating the ion source and then relatively
reducing the filament current may be adopted. In doing so,
15 theplasmal6écanbeignitedreliablywithlarge filament current
at the initial condition of operating the ion source and then
the filament current is reduced, wherebythelifeof the filament
6 can be still more prolonged.
If a material having a higher thermcelectron radiation
20 current density than tungsten as mentioned above 1s used as
at least one of, preferably both of the opposed reflector 8
andtherearreflectori0, it ispossibletousealsotheelectrons
emitted fromeitherorbothofthereflectors8andlO0effectively

to preduce and confine the plasma 16 as described above. Thus

25 it is possible to still more reduce the filament current after
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current density as nentioned above, particularly to use the 5 material as
both the reflectors 8 and 10, the plasma 16 may be able to be maintai ﬂﬁ\ﬁ)yﬂﬂﬁ
emtting electrons fromeither or both of the reflectors 8 and 10 af

the plasma 16 is ignited. 1In this case, the filanment current can be

allowed to flowonly at the initial condition of operating the ion source
for heating 10 the filanent 6 and then the filanent current can be turned

off (nanely, zero) . In doing so, the life of the filament 6 can be

extrenel y tpleol 6A0S6h r NeXdpe 2 DA BBk tker reend# P11 img & e dlicagivel t age
VB, thereby controlling the amount of the ion beam 18 will be 15

di scussed.. For iexan e, 4 o perfaimgd on inplantation processing, to change
the ion dose, one of inplantation conditions, generally the anmount of an

i on beam extracted from %n i.or1 source &namsl}y ion bea gurr rit)tiios
changed. 20 |n tRETOREEGFAE il THe PAPEOET HFEEaRE SRoWACT & &F) 12, the
anount of the ion beam 18 extracted fromthe ion source _is adjusted by
changi ng {He& IEtafems I PenfeRtLORER P& Mowratite UWlife ¥ 1R &1 ont he
filament power supply 24 and chan%i ng the arc current. 25 The arc current
at this timaeeirs adetasr otéd tUngi ey lipg ks 33 a0 B LIOAR t2G0 P Lamsentl ofmay
t hernoel ectrons e emtted fromthe filanment 6, nanely, the tenperature of
the fil ambrt ablebtiv e Imengttdinedbgonmsttirgessacyréos Thamg@ itghdther
tenperature of the filanent 6
both of the reflectors 8 and 10 after the plasma 16 is ignited.
In this case, the filament current can be allowed to flow only
at the initial conditionof operating the ion source for heating
10 the filament 6 and then the filament current can be turned off
(namely, zero). In doing so, the life of the filament © can
be extremely prclonged.
Next, an embodiment for controlling the bias voltage Vg,
thereby contrelling .the amount of the ion beam 18 will be
15 discussed.
For example, to perform ion implantation processing, to
change the ion dose, one of implantation conditions, generally
the amount of an ion beam extracted from an ion source (namely,
ion beam current) is changed.
20 In the ion source in the related art as shown in FIG.
12, the amount of the ion beam 18 extracted from the 1on source
is adjusted by changing the filament current ailowed to flow
intothe filament 6 fromthe filament power supply 24 andchanging

the arc current.

25 The arc current at this time is determined mainly by the
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installed in a vacuum (vacuumin the plasma production vessel 5 2 and its
surroundings) . That is, a long tinme (for exanple, about several td&r MAR 2004
seconds) is required for changing the arc current and the ion beam
current. Consequently, for exanple, it takes a long tine in changing the

i nplantation conditions in ion inplantation processing using the ion
source, and the 10 whole processing is delayed. In contrast, in the ion
source according to the present invention, as seen fromthe description

previ ousl yaneget wifth e ed €l enceot © e t el £ oo, cHehfi hament 6ofnarel y on beam
18 extracted fromthe ion source (nanely, ion beamcurrent) can be

control | edtﬂ-ﬁ bymgopLfoLLi ng Cadi ystnghtt ke RGNt udesoft the Hiasmyol t age
VB wi t hout ¢ h _

anging the arc current (nanely, even with the same arc
current). For_ exanpl if_the . t 0 V-apd_t j vpl t age
VB | o bt hpRTE et T n PG RIS af B R BEE Aol ab e 20 B3 n )

about 110 A can ge provi ded as ihe beamlcghreni. | n contra§gbni$et9$ bi as
vol t age VBIRELRhPFRed 4nderEuPnbrad® 11 {HE BAAMEUr T 2RPCT %8 r Saua +y
grown and if the bias voltﬁge VE is increased to 120 V, the beam current

i ncr eaSes ¥ ArMoES ST PRI Shen TR dfc Fot PAGeT VAR STABIEBDRAGNd t he

arc current 34 0 3 MAR 2004 is 2000 mA (FIG 5) or 3000 mA (FIG 6),
| i kewi se, @pois seemralhbenthecemdnl t sl ofuited bbam e@h@hd ciine bl ¢
controlled by controlling the bias voltage VB even if the arc current is
made current and the ion beam current. Consequently, for example,
it takes a long time in changing the implantation conditions
in ion implantation processing using the ion source, and the
10 whole processing is delayed.

In contrast, in the ion source according to the present
invention, as seen from the description previously made with
reference to FIGS. 4 to 6, the amount of the ionbeam 18 extracted
from the icn source {namely, ionbeam current) canbe controlled

i5 by controlling (adjusting) the magnitude of the bias voltage
Vs without changing the arc current (namely, even with the same
arc current).

For example, if the arc voltage Va is 60 V and the bias
voltage Vg is not applied in FIG. 4 (the arc current is constant

20 (1000 mA)}, about 110 pA can be provided as the beam current.
In contrast, if the bias veltage Ve is applied and is increased,
the beam current is gradually grown and if the bias voltage
Vg is increased to 120 V, the beam current increases to about
190 pA.

25 When the arc voltage Vi is not 60 V and the arc current
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constant. The sane is also applied if the ion beam 18 of doubly 5 charged
ions is extracted (see FIG 3). Mireover, in this case, the tine rddfuliReiil
for changing the beamcurrent is determ ned by the tine required for
adjusting the bias voltage VB output fromthe bias power supply 32; for
exanple,.it is about several seconds. That is, the beamcurrent 10 can be
changed at speed about 10 tines as high as that if the arc current
changing nmethod in the related art described above is used (about several
ten seconds) 20wus mat he1oaghj tadeswfo nithe FbGaseypl I AgewVBepui puts fyemn t he

bi as power supply 32 is controlled (also containing turning on and off the

bi as vol t a9, 15 NBhnagrialeby £ he AU @fr Adhe icen bramdki extrractsd from

the ion source can be controlled at high speed. Next, a second enbodi ment
of an ion ch%’crrcoelﬁ%ggort%'e“@iég vc}lhcﬁ@%éwie%we?lniWﬂﬂe %ﬁcfhﬁ??éﬁ%d%s H&gié on
source of e ‘secon enbodi ment ahot her “pair o I'"ament and rear
reflector 20 10 in place of .the above-descrihed o sed refl T(I:jtor 8, FIG
10 is a séjr%}%tﬁrétse% SonEPe Vi £ aﬁ?&\ﬁetdﬁéfgg)ceoﬁggcl%%%eog LY on
source according. to the invention. The differences fromthe ion source
shown Pn EMGr IR 1 Del e HiiACH Sclzted I The’ description of the ion
source in FIG 1 is applied 25 to other points. 35 0 3 MAR 2004 In
addition to oneMsgigovdi, r s pALE) cosef i tharehtng i redrf e fdhadtadma o
shown in FIG 1, the ion source in FIG 10 includes another pair (second
pair) of fiHeaeanh dararchtriendeterminedby the time required for adjusting
the bias voltage Vp output from the bias power supply 32; for
example, it is about several seconds. That is, thebeamcurrent
10 can be changed at speed about 10 times as high as that if the
arc current changing method in the related art described above
is used {about several ten seconds). Thus, the magnitude of
the bias voltage Vs output from the bias power supply 32 is
controlled (also containing turning on and off the bias voltage
15 V), whereby the amount of the ion beam 18 extracted from the
ion source can be controlled at high speed.
Next, a second embodiment of an ion source according to
the invention will be discussed. The ion source of the seccnd
embodiment has anocther pair of filament 6 and rear reflector
20 10 in place of the above-described opposed reflector 8.
FIG. 10 is a schematic sectional view to show the second
example of the ion source according to the invention. The
differences from the ion source shown in FIG. 1 will be mainly

discussed. ThedescripticonoftheionsourceinFIG. l1isapplied

25 to other points.
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reflector 10 in place of the above-described opposed reflector 5 8. Th 5

is, two (first and second) filanents 6 are placed facing each other i& QARZMQ
pl asma production vessel 2. Behind the filaments .6, two (first and
second) rear reflectors 10 are placed facing each other. In the second
enbodi nent, the two filanments 6 are connected 10 in parallel to each other
at points P and Q Therefore, from a comon fil anment power supply 24,
filament voltage VF for heating is applied to the two filanments 6. From a
comon arc powerin Sfspl§i e toapaey pprtidgd fVAStoP2are af sEhdpgentsbapplied to
the two filaments 6. Each filanent 6 may be provided with an 15 indi vi dual
filanment power sapbtyt@d Hhdrawn ndi Fiduall  atbepowrr scsuppl ¥yn2BIGThED i on
source having two pairs of filaments 6 and rear reflectors 10 as descri bed

above is alseleeseribhetheén bher abevendephiienedf)aparesstPad enid Unexam ned
Publication No. Hei. 20 9-63981. In the related art, however, each rear

reflector 101 isc&PnNneched 4@ @@ec_re@@b@fveuai%s@ﬁwg?gbagdfféﬁmoﬁ (rmore
particularly, the negative potential termnal of the filament power supply

24) fog pl@ci ng, Bs{ o geﬂ‘élgfsgg sHEdrhf EL 20RBh s ROL 0L Al AP d & A fe

related art exanple I n I'n"contrast, 1n ion source according to
t he second 3

e, 350036 R R0 By e BEeaL, L MR B R o
bl asma pré),dl%%}c: ?rf]i\ég%saerlldzse%sonidr} trggregg?igégggésil% Ia:alrce;L p}écleg %abceing
each cther.

Inthe second embodiment, thetwo filaments 6 are connected

10 in parallel to each other at points P and Q. Therefore, from
acommon filament power supply 24, filament voltageVr forheating
is applied to the two filaments ©. From a common arc power
supply 26, arc vocltage Vn for arc discharge is applied to the
two filaments 6. Each filament 6 may be provided with an

15 individual filament power supply 24 and an individual arc power
supply Z2Z6.

The icn source having two pairs of filaments 6 and rear
reflectors 10 as described zbove is alsc described in the
above-mentioned Japanese Patent Unexamined PublicationNo. Hei.

20 9-63981. In the related art, hcowever, each rear reflector 10
is connected to one end of the corresponding filament © (more
particularly, the negative potential terminal of the filament
power supply 24) for placing the rear reflecter 10 in filament

potential as in the related art example in FIG. 12Z.

25 In contrast, in ion source according to the second
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enbodi nen
connect ed
Furt her,

vol tage VB between both the reflectors 10 and the

2 wth bo
supply 32
and the

t in FIG 10, both the rear reflectors 10 are 5 electrically

by a conductor 30 so that they are placed in the sane pof)§ri{ARalllL

a DC bias power supply 32 is placed for applying a DC bias

pl asma production vessel

th the reflectors 10 as 10 negative potential. The DC bias power
is a power supply individuated fromthe filanment power supply 24

arc power supply 26. FIG 11 shows an exanple of potenti al

vari ati onenotcheerionfsatieceretenhe ingeondoanbedichentar| redfdpchercdfsi der ed

that 15

two filanents 6 of the same potential and two rear reflectors

10

of the sane poientialBxistulhBelilfe drfosRUheer dfaridier secenthepbadnaent

t he bi as
supply 3

is, also
i on produ
and si ngl
prol ony t

voltage VB as described above is applied fromthe bias power

%r%%thﬁg Qe rear orefd q¢t eks 1Oy Whelely ikasieal ly, assi mhlar 20

advant age "t

of the 1on source showmn in FIG 1 can be provided .

y charged .ions can

e _enhanced. |If e principal object is t
e et G 19 TRn S AR cBaapg ok 10 eal e DRV Bilesete

That

h t.he ion, , JE th i pei pal ' | [ th
BRI o1 Bhoy 10k hel br odUGT] oRE® P Chey-BF CRULi By Ear god
b

reduced for 37 0 3 MAR 2004 prolonging the life of the filament 6. This can
be acconplirstiéd samesipoglentdlédr-ged i on production and nultiply charged ion

producti o

10

15

20

25

n. Both the ion production efficiency and prol ongi ng ‘
Further, a DC bias power supply 32 is placed for applying

a DC bias voltage Vg between both the reflectors 10 and the
plasma production vessel 2 with both the reflectors 10 zas
negative potential. The DC bias power supply 32 is a power
supply individuated from the filament power supply 24 and the
arc power supply 26.

FIG. 11 shows an example of potential variation in the
ion source of the second embodiment. It maybe considered that
two filaments 6 of the same potential and two rear reflectors
10 of the same potential exist.

Intheionsourceof thesecondembodiment, thebiasvoltage
Vg as described above is applied from the bias power supply
32 to both the rear reflectors 10, whereby basically a similar
advantagetothatoftheionsourceshowninFIG.lcanbeprovided.

That is, alsowith the ion source, if the principal object
is to improve the ion production efficiency, the production
efficiency of multiply charged and singly charged ions can be
enhanced. If the principal object is to prolong the life of

the filament 6, the arc voltage Va can also be reduced for
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the life of the filanment 6 can also be inproved. To do this, 5 the arc

vol tage VA may be reduced less than that if the principal object is(3dAR 2004
prolong the life of the filament 6. A simlar operation nethod to that with
the ion source shown in FIG 1 can al so be adopted and an advant age as
descri bed above can be provided accordingly. 10 The ion source of the
second enbodi nrent shown in FIG 10 has two pairs of filanments 6 and rear
reflectors 10 as conpared w th the ion source shown in FIG 1. Thus the

i on sour ceotasongirdh thef eafaipé tthmf 11 hseandunt Tof set @cbeare e tisdeed r om
each filanment 6 can be halved for still nore prolonging the life 15 of

each filamantsbnglp therigea san geredudtieorsesoddmebagilyerihaahyesh ion FI G
10, nost prefera%ly, the bias voltage VB fromthe bias power supply 32 is

applied t g?lb&axbcﬁ refd 8t prs 1 phouB¥eL ontdier i b @scy ahbiaase Mhdmyg be

applied only to erther of the rear 20 reflectors 10. I'n doing so, the

energy an t%}ﬁlela%oggt \F%fe tfggawgh%%rf?&?.a (goefbleegf.ng}%o%cf-he%e&g g}gé!ector

10 to whic ol't ag i's applied can a be 1 ncreased as

descri bed _above. Thus the production efficienc mul ti ply charged or
singIy5ché#§é8er%¥§%ﬁFH@“ﬁﬁb?%J' qﬂﬁiLﬁﬁsﬁﬁ5¥bggPﬁg“%ﬁgeﬁﬁ%QFéﬁ?of

mul tiply charged or singly charged ions contained in ion 38 0 3 MAR 2N beam
18. The ar@iatt abe VA REplangothe +&d6ce8 FBF ProPBRFNG-the life of the

filanent 6. 5 _ ,
A similar operaticn method to that with the ion source

shown in FIG. 1 can also be adopted and an advantage as described
above can be provided accordingly.

10 The ion scurce of the second embodiment sthn in FIG.
thastwopairsoffilaments6andrearreflectorsiOascompared
with the ion source shown in FIG. 1. Thus the lon source has
such a feature that the amount of electrons emitted from each
filament 6 can be halved for still more prolonging the life

15 o©f each filament 6.

In the ion source of the second embodiment shown in FIG.
10, most preferably, the bias voltage Vg from the bias power
supply 32 is applied to both the reflectors 10; however, the
bias voltage Vs may be applied only to either of the rear

20 reflectors 10. In doing so, the energy and the amount of the
electrons e reflected on the rear reflector 10 to which the
bias voltage Vs is applied can also be increased as described
above. Thus the production efficiency of multiply charged or
singly charged ions can be improved whereby increasing theratio

25 of multiply charged or singly charged ions contained in ion
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39 a 3 MAR 2004 What is clainmed is: 1. An ion source conprising: a plasnma
production vessel, into which gas is introduced, serving as a positive
potential; a filament for emtting el ectrons, disposed in one side]dMAR 204
pl asma production vessel and electrically insulated fromsaid plasm
producti.on vessel; an opposed reflector for reflecting electrons, disposed
facing said filament in an opposite side of said plasma production vessel
and electrically insulated from said plasma production vessel; a rear

reflector faoum nefl echingr ehegttgesy, daspesed Heagedgcsai flo ppeseshginef | ect or
in said plasma productlon vessel while sandw ched between said fil anent

and the o fg ogluction vessel, said rear reflector

bei ng gﬁirlca y ?ﬁgq?g%gg r%%1§ald pl asma productlon vessel and said
filanent, a magnetic field generator for generating a magnetic field al ong
an axis connecting said filament and said opposed reflector in said plasna
production vessel; a filanment power supply for heating said filanment for
emtting electrons; a DC arc power supply for applying a DC arc voltage
between said filanment and said plasma production vessel with the filanment
side a8 a negative potential for producing arc di scharge between said
filament and said plasma production vessel; and a DC bias power supply for
applying a DC bias voltage between at | east one of said opposed reflector
and said rear reflector and said plasma production vessel wth the

refl ector side as a negative potential, said bias power supply being

i ndividuated fromsaid filanment power supply and said arc power supply.
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2. The ion source as clained in claim1, wherein at |east one of said
opposed reflector and said rear reflector is nade of a materi al havﬂraggmmn[lk
hi gher thernoel ectron radiation current density than tungsten. 3. e ion
source as clainmed in claim2, wherein the material having the higher

t hernoel ectron radiation current density than tungsten is one of tantal um
mol ybdenumWhat abé¢lammedzsr coni um al l oy of tungsten and yttrium alloy of
tungsten 40 0 3 MAR 2001 and zirconium 4. The ion source as clained in
claim1l1, wherein said bias power supply outputs the bias voltage which is
set larger thanjl0 V;Q{ioﬂ%@céb@ﬁpﬁggg;arc voltage output fromsaid are
power supply. 5. The ion source as clainmed in claiml, wherein said bias
power supply oampiasts produdbionessel, intgevhicdr gasakintrgduded, geovingtasal of at | east
one of said 0 osetd t.r_eflect or and said rear reflector negative below the
pot enti al 8?5182‘? Waé*rrent with the potential of said plasnma production

vessel as the rgfffiaegor énittTiiCelb@bnS QHSfoRedM dilcideRS shid plhspidn 5, Wherein
the potential of at |east one of said opposed reflector and said rear

refl ector pedueden veseelpod vlegirically insblategvirorn Raid plasmnatpireducgipn yessal;f i | anent .
7. An ion source_oqperati t.hod of..t he i on sourc s. clai.med in.claim 1,
sai d method comdP EPGY rOSEY 0P oA orizg . Alrpese (4Fing spidimetis o

out put fromlagp&;it@lsm oP Q¥ plassiaRbduction veRBI dndl dldchicallfensui@edfromd an ion
beam extracted fromsaid ion source. 8. The ion source operation nethod as

cl ai med i nsd@iasm progustienyessek d control ling step includes setting the

b 25 V0 L29¢ (o iy BRSSP, ko SO PERGOR oL 2 OL
t he pot ent iréflectr i15 adid pfashma PFediucub Pessélan it @ndwizhedbettbtlsdid fitdient

and the one side of said plasma production vessel, said rear reflector being

electrically insulated from said plasma production vessel and said filament;

a magnetic field generator for generating a magnetic field along an axis
connecting said filament and said opposed reflector in said plasma production
vessel;

a filament power supply for heating said filament for emitting electrons;

a DC arc power supply for applying a DC arc voltage between said filament
and said plasma production vessel with the filament side as a negative potential for
producing arc discharge between said filament and said plasma production vessel;
and

a DC bias power supply for applying a DC bias voltage between at least one
of said opposed reflector and said rear reflector and said plasma production vessel
with the reflector side as a negative potential, said bias power supply being

individuated from said filament power supply and said arc power supply.

2. The ion source as claimed in claim 1, wherein at least one of said
opposed reflector and said rear reflector is made of a material having a higher

thermoelectron radiation current density than tungsten.

3. The ion source as claimed in claim 2, wherein the material having the
higher thermoelectron radiation current density than tungsten is one of tantalum,

molybdenum, niobium, zirconium, alloy of tungsten and yttrium, alloy of tungsten
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production vessel as the reference. 9. The ion source operation nethod as
claimed in claim?7, wherein said controlling step includes setting3tim 26
bi as voltage larger than 10 V or nore than the arc voltage. 10. The ion
source operation nethod as clainmed in claim?7, further conprising: flow ng
the filanment current into said filament fromsaid filanment power supply at
the initiaRn¢aAniYymn of operating said ion source; and then 41 0 3 MAR
2904 controlling the magnitude of the filanment current flowing into said
filanment fromsaid filanment power supply to be smaller than that of the

initial conditidn of Theéon eyueteadsicigmedirticlaion 1 swhereia. saitilbias'fowarBuppslyr ce
conpri sing | aspa production vessel, into which gas is introduced,
serving as oatpugd@ brag golizgeavhichis, set jarger tt&'ﬁdos‘éébqu than therfre velageeni t t i ng

el ectrons, g{pﬁpﬂgﬁ% té‘%ﬁ'lfpgwgm her in said plasma production vessel and

electrlcally I nsu om sard pl asma production vessel; first and
second rear reflectors for reflectlng el ectrons, disposed facing each

ot her while sandwi ching.said fi rsE second fj | anent s .t her ebet sai d
first and secofd redei¥F JBEGEHASS %@F gl@ﬁl@ti,rweaﬁwaidrﬁm&wsw Mnsal d

plasma pr OGH h{rsclﬁe ¥iaS $6ta ’}Qr ﬁlﬁkﬂﬁaﬁé nﬁ&tcrﬁﬁ oﬁflg&ﬁpoﬁé SR posél MBgneti ¢

field generato gene t|n ong an a |s connectlng
sai d first refledtosand szdd fredramthntcs nlegat&alhélqw thepateptialbfGhiddilamestsweith the

filanment power ly for hea aid first and second filanments for
elm tting gpgl@pp%g)ggal)é plasma proélllc?l H%GSISGI aslt g refrsrenceS ! S

6. The ion source as claimed in claim 5, wherein the potential of at least
one of said opposed reflector and said rear reflector is negative 10 V or more below

the potential of said filament.

7. An ion source operation method of the ion source as claimed in claim
1, said method comprising:
controlling the magnitude of the bias voltage output from said bias power

supply for controlling the amount of an ion beam extracted from said ion source.

8. The 1on source operation method as claimed in claim 7, wherein said
controlling step includes setting the bias voltage for a predetermined value which
can make the potential of at least one of said opposed reflector and said rear reflector
negative below the potential of said filament with the potential of said plasma

production vessel as the reference.

9. The ion source operation method as claimed in claim 7, wherein said
controlling step includes setting the bias voltage larger than 10 V or more than the

arc voltage.

10. The ion source operation method as claimed in claim 7, further
comprising:
flowing the filament current into said filament from said filament power

supply at the initial condition of operating said ion source; and then
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a DC arc power supply for applying a DC arc voltage between said fi rsﬁ aﬁ@’s
second filanents and said plasma production vessel with both fil anmdit %qi
as negative potential for producing arc discharge between both said
filaments and said plasma production vessel; and a DC bias power supply
for applying a DC bias vol tage between at |east one of said first and
second rear ref kestidlisg trrdnsmitddobiihedilynan veirémflowdss fito vaid lfildnhent
reflector side aginf? n%gative potential, sajd bias Eowe_r supply bei ng

1adns

i ndi vi duat & § PeVELSVRRlY P Sfsmalenspinthatef the mtialcongighe pf S6ppl v .
12. The i 0R,SAE £ & oo 1’.(;;ggd in claim1ll, wherein at |east one of said
first and sgcon rear reflectors is made of the material having a higher

t hernoel ectron radi ation current density than tungsten. 13. The ion source
as claimed in claim212, wherein the material having the higher

t her moel ectr on rlidi a NSEUFRAY™MBEHESty than tungsten is one of tantal um

[ vbd o : ; , 3 o |1 f
mol ybdenum ni 09%}“2‘“‘?62&%? H ks, Hﬂ&%ﬁcﬂfh@%ﬁ&%d@&ﬁ Yrbing 4, alloy o

tungsten 42 0 3 zircontum 1 e ion source-as clainmed in
claim 11, wphstie¢ potsatial; bi as power supply outputs the bias voltage for

maki ng the potential ,of a east gne of. sajd first a second rear
et cctors hegadr¥anbaresat Ainge: emitios siciscns ot Tads St
filaments gt }%ia@meg&raaui@d vé%fselsaﬁ}i‘éle@ﬁ%ﬁﬂ?ixﬁ?ﬁﬁ@d%drﬁ@aiﬂ%a%ﬁia as the

reference. 15. The ion source as clained in claim 14, wherein the potenti al
of at | eagprodonorofesseli d first and second rear reflectors is nade negative

10V, or more DR AlE Rl O b R ROl el 1
out puts t el ail¥ hriddeninb 54 first 268 sedoAd GPimdrivihereBetWe@h, SR first &7 the arc
vol tage OUtsgc%tnd fréacr) rr?ef?eacl:ltodrs la)léi(r:lg gl%\cl:vt?ircaisl; Pngll%fed from said plasma production
vessel and said first and second filaments;
a magnetic field generator for generating a magnetic field along an axis
connecting said first and second filaments in said plasma production vessel;
a filament power supply for heating said first and second filaments for
emitting electrons;
a DC arc power supply for applying a DC arc voltage between said first and
second filaments and said plasma production vessel with both filament sides as
negative potential for producing arc discharge between both said filaments and said
plasma production vessel; and
a DC bias power supply for applying a DC bias voltage between at least one
of said first and second rear reflectors and said plasma preduction vessel with the

reflector side as a negative potential, said bias power supply being individuated from

said filament power supply and said arc power supply.

12. The ion source as claimed in claim 11, wherein at least one of said
first and second rear reflectors is made of the material having a higher

thermoelectron radiation current density than tungsten.

13.  Theion source as claimed in claim 12, wherein the material having
the higher thermoelectron radiation current density than tungsten is one of tantalum,

molybdenum, niobium, zirconium, alloy of tungsten and yttrium, alloy of tungsten
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17. An ion source operation nmethod of the ion source as clainmed in claim
11, said method conprising: controlling the nagnitude of the bias ypMARE
output from said bias power supply for controlling the amount of an ion
beam extracted fromsaid ion source. 18. The ion source operation nethod as
claimed in claim17, wherein said controlling step includes setting the

bi as vol t aged fiosonaumpr edet er mi ned val ue which can nake the potential of at

| east one of said first and second rear reflectors negative bel ow the
potentials of said first and second filaments with the potential of said

pl asma producti @8, vegsglioPsourdbers/cefiRee N aibd S EGvIReih REdDIADOwREt age. 19.
The ion source operation nmethod as clainmed in claim17, wherein said

control | i nguppleputpnisithelbies veltage dor malkang thepotentinhofeat leastyene afisaid first V or nore
than the arc¢ voltage. 20 _The j.on _source ration. nethod, as clainmed in
cllaim 17, P sarapd PO msiEplom pekaliPORFIRY Ere PR iRl i e, s o
filament frHem&aRd Hith iR tiaPOPRId plasRPpodBétidnNRsidlat tidlrefepdidet i on of
operating said ion source; and then 43 3 MAR 2004 controlling the

magni tude of the filanment current flowing into said filament fromsaid

filanment power ly,.to be snmall er. than .that,of, the jnitial,cendition of
t he opergti ng Zg]p 8 I)i'(l}ﬁ IQILSPUEGE as £ imed 1n claim 54, wherein the potelﬁlalo zrﬂ

least one of said first and second rear reflectors is made negative 10 V or more

below the potentials of said first and second filaments.

16.  The ion source as claimed in claim 11, wherein said bias power
supply outputs the bias voltage which is set larger than 10 V or more than the arc

voltage output from said arc power supply.

17.  Anion source operation method of the ion source as claimed in claim
11, said method comprising:
controlling the magnitude of the bias voltage output from said bias power

supply for controlling the amount of an ion beam extracted from said ion source.

18.  The ion source operation method as claimed in claim 17, wherein
said controlling step includes setting the bias voltage for a predetermined value
which can make the potential of at least one of said first and second rear reflectors
negative below the potentials of said first and second filaments with the potential of

said plasma production vessel as the reference based on the bias voltage.

19.  The ion source operation method as claimed in claim 17, wherein
said controlling step includes setting the bias voltage larger than 10 V or more than

the arc voltage.

20. The 10n source operation method as claimed in claim 17, further
comprising:
flowing the filament current into said filament from said filament power

supply at the initial condition of operating said ion source; and then
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controlling the magnitude of the filament current flowing into said filament
from said filament power supply to be smaller than that of the initial condition of the

operating said ion source.
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