;e3e| C >>?$@ AB6( CT| CBONLf t FB7ON OPERATI ON METHOD OF | ON SOURCE AND | ON
BEAM I RRADI ATI ON APPARATUS BACKGROUND OF THE I NVENTION 5 1.. Fi el @ 4ofEp 1083

| nvention The present invention relates to a mmwmwmwwmmmmmerating an ion
source for use with an ion beamirradiation a as an ion

i npl antation system and the ion beamirradi ati on«gggaratus for practicing
the operation nethod, and nore 10 particularly to neans for |eading out an.
i on beam containing indiumions froman ion source stably. In the fields of
sem conduct OPERRNNONCHMETHEOD| OHi ION| SOURGE ANRWION BEAM! IRBADIAMI@N enti on.
15 In the publication of Japanese Patent Unexam ned Publication No.

Hei . 3- 13576 (JP-A-3-13576), a net hagpApaTtgadi ng out an i on beam contai ni ng
indiumions fromthe ion source has been disclosed in which after a heating
furnace (carbon container) containing indiumiodide is preheated up 20 to
tenperatures from 100C to 200C, the heating furnace is further heated to

t enper at ures fyon1300C tOPﬁegghﬁﬁNBrBHUEﬁEalgegﬁﬁlB om i ndi um i odi de, and

this vapor is introduced roug vapor con fube into a plasm
producki on vessel, i s¢h e cga er) to ionize the vapor by arc discharge.
25 Wth t mel ting point of 2 4 FEB 2003

indiumiodide is 210C |nd|un1 odide is conpletel h% n wthin the
heating fur nace Th6 BESBREL &1L (PTsE4IE EaY the TRitihd OFUPREEELIES
operated in the tenperature range from 300C to 500C.  Consequently

| i quefi ed 3dPintPBAF8efPE H%%d@ﬂ#b@q ﬁOﬁu?ﬁ§moﬁrFHQlﬁééPPnQPPéFﬁééé t he

pl asma production vessel and the vapor conduit tube connecting both of them
t o cont anmisvdtheas BE| ¥on ABPdantakiency v apertvadnileamupsraddathan t he

i on beam can not be |ed out stably. OsMng to the contam nation, the

r epl acenemprarraglusanfoyg Hracft ithiecheblh & ngrfanataics) mhehpdasnauprmdmetion
vessel and the vapor conduit tube is required frequently, for exanple,

ever y10i nparhte cofjerdtyi ap ntahenfsouresdisg stwpped,ioshbelhn sontrpiadhigcal . 15

SUMVARY OF THE | NVENTI ON Thus, it is an object of this invention to provide
nmeans indium ions from an ion source stably.
y L o f the Rel | 2
In the fields of semiconductor manufacture, indium ion
has drawn a great deal of attention.

15 In the publication of Japanese Patent Unexamined
Publication No. Hei.3-13576 (JP-A-3-13576), a method for
leading out an ion beam containing indium ions from the ion
source has been disclosed in which after a heating furnace
(carbon container) containing indium iodide is preheated up

20 to temperatures from 100°C to 200°C, the heating furnace is
further heated to temperatures from 300°C to 500°C to produce
a vapor from indium iodide, and this vapor is introduced through
a vapor conduit tube into a plasma production vessel (discharge

chamber) to ionize the vapor by arc discharge.

25 With the above method, because the melting point of

! AL BA
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for | eading out an ion beam containing indiumions froman ion sourcg, FEB 2003
stably, while preventing the contam nation of the heating furnace, t

vapor conduit tube and the plasma 20 production vessel. According to this
invention, there is provided a nethod for operating an ion source
conprising a heating furnace for heating a solid material to produce a
vapor, and a plasnma production vessel for producing a plasma by ionizing -
t he vapor 25 supplied through a vapor conduit tube fromthe heating
furnace, 2indpum fogige20832WA ei nndiem sbodddemi er icampilstieddi malfterori de,
and an ion beamcontaining indiumions is |l ed out by producing a plasnma

wi t hi n t hewpthsmatipe dirrtinn Zwesete Wwhidesanee a dnjspriat wtetsf, tife theat i ng
furnace is kept in a range from450C to 1170C, and 5 bel ow a tenperature of
t he pl asmenpsoong tiuamaees s€lopd¥arRidyin speeinpe rbhar ey @ rioan3 ®erm i s

| ed out, the tenperature of the heating furnace is T1[C], and the

t enper at ur g, 0f g dse @bﬁ%@au@hewctwauaﬁé@lméﬂr% 1841 de e deld QWO

relation holds to | ead out the ion beam 10 [Nunerical Expression 1] 450 ~

Tl < 1%0 apdy s o£2tﬁemasat9g Ma@!é‘gth@ bNEsRXPSES AL Son Ak d Yy beam

cont ai ni ng |nd|un1|ons could be | ed out by elevating the tenperature T1 of

the heat | ngad Uriace:LB0400C o0, fY ol oBradUcend VARAL 1% ofnbdium

fluoride. en t e tenperature T1 i s bel ow e vapor of ium

TL”?LL?SJ?%QH NEHE st S ﬁgr”%%ﬁﬁl L 5@%.3@@’%%510?‘8?"

and the te ure, T1 of the heat|n ace i s _kept below 20 this nelting
point in c #h?eéﬁ?ngeaﬂtc?ﬂen?% g%eﬁﬁ? PHE 355%& Yi's produced but i ndium

fluoride is not no| ten. Accordin ossi bl.e to prevent |iquefied
i ndi um f1 uori de @Whﬁ$§¥1EQFn@P@E&%iﬁ@%@%ﬁaﬁngﬁﬁﬁéééemFﬁé PF &SRR pruct i on

vessel, and the vapor conduit tube connecting them 25 thereby causing the
cont artthat PEAE R RIMF TGRgiThg toe Phes3a Ppoduptiop yepseyaes temdui t
t ube.

vapor conduit tube is required frequently, for example, every

time the operation of ion source is stopped, which is

impractical.

15 SUMMARY OF THE INVENTION

Thus, it is an object of this invention to provide means
for leading out an ion beam containing indium ions from an ion
source stably, while preventing the contamination of the
heating furnace, the vapor conduit tube and the plasma

20 production vessel.

According to this invention, there is provided a method
for operating an ion source comprising a heating furnace for
heating a solid material to produce a vapor, and a plasma
production vessel for producing a plasma by ionizing the vapor

25 supplied through a vapor conduit tube from the heating furnace,



Further, since the tenperature Tl of the heating furnace is kept be|OMIE§ﬁ
tenperature T2 of the plasnma production vessel when | eadi ng out t he 4i%oh 03
beam in other words, the tenperature 5 T, of the plasma production vessel

i s higher than the tenperature T1 of the heating furnace, the vapor conduit
tube connecting the heating furnace and the plasma production vessel gives
rise to a tenperature gradient in which the tenperature rises towards the -
pl asma production vessel. Oning to this 10 tenperature gradi ent, the vapor
produced whareinhheheatliidgnd tenbrk icannbeupr&ient ede f reowd pecbagidest ng i n

t he vapor conduit tube or plasma production vessel, thereby it can be
prevent ed ¢onbaLobh@nimditirmgohbei pllasitaupriogwrtddut ives aep 1 smy apath icondui t
tube or clogging the vapor conduit tube. This 15 effect can be obtai ned

wi t hout toengrgahsehfbenaneeibet vegset heyhempetakukRspbradtdelds ke
exanple, this tenperature difference may be as small as about 10C to 20C.

A5 2, TesUlfoaBilnf OB, DEBOR CONLAIY iy Ty dLmd PRepan e LEd, oybect ably from

the ion source, e preventi tam nati on eatin

f urnac t por ' b t S S[3 sel. In the
publ i od oﬁgﬁé‘?A?ﬁ%gﬁgg%{%%%rgf\;\a/gge aggégllégi %??@%“—’?Eéﬁ PRIFELT) or i de had
the problem and_ was, unsuitabl.e to, produce indi umions.. ver, ,accordi ng
Lo this i nvent i Qrah 2e YRS e EB AMRTng" 1l FRAToAS CoR et dlbut
stably, while 4 2 4 F E B 2003 preventing the contam nation of the plasnma
product i ont¥BBEERTUAS REvitdies| Reaéddti béHINAEEor 88 nglyf, Cl he #Rdi U on
beam can be utilized stably. Note that a control unit for keeping the

t enper at ur eemMReBabhrehefhéhei vy afsmen aueo dmeni dreade dge but st Ael1Cdn Bewm from
the ion source in accordance with the Nunerical Expression 1 nay be

provi ded. Pwihogies tehstdbnuppidst he Leadseukcéheanobebeperated with

| abor-saving and autonmatically. The ion beamis preferably | ed out by

keepi N t héNaoet eapér BkpresFionf 1i he heating furnace in the range from 450C
to 1170C after the heating furnace and the plasma production vessel are
preheated in a vasous al nosphed earsd Terpeanatunes:f Pom 250C to 450C. The
vacuum at nosphere is used to prevent the reaction with oxygen or water

content in the restdvdingasesthdSbekbisipeaheat iang imy deampetdotabeidgr the
heati ng furnace and
indium ions could be led out by elevating the temperature T,

of the heating furnace to 450°C or higher to produce a vapor
15 of indium fluoride. When the temperature T, is below 450°C, the
vapor of indium fluoride hardly occurs, whereby few indium ions

can not be led out, which is impractical.
And since the melting point of indium fluoride is 1170°C,
and the temperature T, of the heating furnace is kept below
20 this melting point in case of leading out the ion beam, the
vapor 1is produced but indium fluoride is not molten.
Accordingly, it 1is possible to prevent liquefied indium
fluoride from sticking to the heating furnace, the plasma
production vessel, and the vapor conduit tube connecting them,

25 thereby causing the contamination of them or clogging of the



t he plasma production vessel at the sane tine, or separately. |ndium
fluoride may be put within the heating furnace at the time of preh@ait FERy2003
or after preheating. By preheating at tenperatures of 250C or greater, the
20 water content can be renoved al nost conpletely in short time frominside
t he heating furnace and the plasma production vessel, and further indium
fluoride, if any. At the tenperatures bel ow 250C, it takes too nmuch tine to
effect the preheating and it is difficult to renove the water content 20
conpl et el yvapsracoedult ohbéhis preheating, it is possible to 5 24 FEB
2003 avoi d production of hydrofluoric acid or hydrogen fluoride due to
reaction betweenrunthei) fdinae tre argingdrea vt €T, comtért hedbengffummadde
contam nation of the plasna production vessel or the vacuum vessel

contai ni ngj thedt0Be $OWMHIR £aRpLLa Pl LY 8Nt Re PR RLEYEBLY L i FROMHE 1 |
hydrofluoric acid or hydrogen fluoride’is a strong acid substance that is

unf avor abl r : hu i

hydr of | uor ﬁgggcji%%%%?}gg}gﬁ JT(?]{nug))rg:g%lé g@rrlb e pygégﬁt'ggggﬁ%ﬁ%&%ueﬁ%at i ng
at te ratur b 50 1 tation of indi f.luoride_at the tine
of prgﬁgat?gg%ﬁﬁngh§MIﬁ%v%% e Fgﬁ?g?ﬁaPLn¥? %%%idgyr§l§$§%2r§P38 é%h?hg
time of preheating, there_is the possihility th t he pl asma  producti on
Veosel o EREBCEAOHRPUECEE Sty aRt N AR Lhan Y BE CPRARRE ikt ont

i nvention, contam nation of the plasm prodgction 15 vessel .or the vacuum

p
vessel canCBBIBFEVEALEE NEaF RS USHachd RENTNRA LR RIEFPGH CAAOR ¥eSS%hdi um

chloride, and indiumiodide, besides indiumfluoride, but because they have
| ower el t BAYePof hEd thant eRBR bRt T adr arelenthd it é’ﬁ'&é‘?“la‘f—h?et%ﬁp%ﬁ%t%%t i ng
furnace i mediately rises above 20 those nelting points to obtain the vapor
anount requiired ttowagdd ddne anldm heepduatson YapAg§lt o Oprislgedtd nghhs
tenperatures as previously described, a considerable nolecul ar wei ght has
al r ead}0 evapopatreduraAsgaadesott , thbevpbasnprpdodedt vbbhvessed eathegvacuum
vessel is contam nated by brom ne, chlorine or 25 iodine. The vapor conduit
tube may béuechaggedtarObd hprevahtady fromn ZedodglElB2003in the vapor
conduit tube or plasma production vessel, thereby it can be
prevented from contaminating the plasma production vessel or
vapor conduit tube or clogging the vapor conduit tube. This
15 effect can be obtained without too great difference between
the temperatures T, and T,. For example, this temperature
difference may be as small as about 10°C to 20°C.
As a result, an ion beam containing indium ions can be
led out stably from the ion socurce, while preventing the
20 contamination of the heating furnace, the vapor conduit tube
and the plasma production vessel.
In the publication JP-A-3-13576, there was a description
that indium fluoride had the problem, and was unsuitable to

produce indium ions. However, according to this invention, an

25 ion beam containing indium ions can be led out stably, while



anong i ndium halides, indiumfluoride has the highest nelting point @Eﬁi
does not cause the problem as above described. Accordingly, indium ﬁu g%é
Is nost preferable. In this way, the inventors have found that indium
fluoride is optimal to 5 |l ead out indiumions. Indiumfluoride is hydrous
or anhydrous, and it is preferable to use hydrous indiumfluoride. This is
nore beneficial to prevent the contam nation of the heating furnace or
pl asma production vessel, or the production of strong acid 10 substance.
Al so, i ndipmevdnioimaéhragoheani mitehord fnkhhiml 2 $rea ppatdutg: far vaseedt, t he
sane time of preheating the heating furnace. In this way, the water content
can be remyedemibastgmpéstelyed 0 Acomiindieneftihe ahdtampt en asdart kan
contam nation. And if the 15 preheating is perforned at the sane tine, the
operation ps $iimplidd etaplyernately, indiumfluoride which has been heated
at tenperatures from 250C to 450C in other place to renove the water
content beforehang SRy ahe,bEOMEIS 1 TG tHe Reabing EHENAGRLWPLEE keepi ng it
away fromthe water content. In this 20 way, the starting ?IHE of the ion
sour ce scar, be.ShALLengd. «BREF DESORNRLON (06 .THEDRAVE NG 1 6-ord o1 2
schematic View i llTustrdting an exanpl'e o ion beam i rradi ati on ‘appar at us
around an j on source .25 acco&din totthés gpvention'lfnd 7 .2 %hF E B 2003
Fig. 2 is ¥yriph Shdni AGCRAT8RGMpI &t B “ iR HERELT 2t FEARIS T thE4¥ndi um
ion beam current obtained when the arc current is varied in the ion source
of Fig. 1.°% DEaA DESER PITON O 5 PREFEREBCEMBPDPRENESFSG! PS s a
schematic view illustrating an exanple of an ion beamirradi ati on apparatus
around an PRAF &R cBlE AR Fisa bl ithiand MEMRTRRCaht ¥- i on beam i rradi ation
apparatus perforns the nmass 10 separation of an ion beam 30 | ed out from an
ion source 2, asihrequpredeaandly aBirafesabhe ivr bedm ty aksabjieet 42 t o
effect ion inplantation into the subject 42. Note that the subject 42 is
pl acedOneatenperatomrsdyr cé 2hé dreathisng dinerende dhedrangrgf rbmt 4 50°C
practice di sposed nuch downstream of the ion source 2. 15 In this exanple,
the ion sotw del 7D °coapteseasie adiddnignguirianacend tloe glesdmapraBldithn
material 6 and produces its vapor

vessel are preheated in a vacuum atmosphere at temperatures

from 250°C to 450°C. The vacuum atmosphere is used to prevent

the reaction with oxygen or water content in the residual gases.

15 This preheating may be performed for the heating furnace and

the plasma production vessel at the same time, or separately.

Indium fluoride may be put within the heating furnace at the
time of preheating, or after preheating.

By preheating at temperatures of 250°C or greater, the

20 water content can be removed almost completely in short time

from inside the heating furnace and the plasma production

vessel, and further indium fluoride, 1f any. At the

temperatures below 250°C, it takes too much time to effect the

preheating and it is difficult to remove the water content

25 completely. As a result of this preheating, it is possible to



8; a vapor conduit tube 10 for connecting the heating furnace 4 and a

pl asma production vessel 16 and introducing the vapor 8 fromthe H@hff&ﬂm3
furnace 4 into the plasnma production vessel 20 16; the plasma production
vessel 16 for producing a plasma 24 by ionizing the vapor 8 introduced

t hrough this vapor conduit tube 10; and a | ead-out electrode 28 for |eading
out an ion beam 30 fromthe plasma 24 within this plasma production vessel
16 owing to the influence of the electric fields. Further, in 25 this
exanpl e, avgad prodictigneoffrydr of by wed acd d ar fitfliragetnfguoride ¢uE B 2003
auxiliary gas 12 into the plasma production vessel 16. In this exanple, the
heati ng f tionaeecdibhasbatheatennbifor fleatring. afad the wesdercdntesntener gi zed
by a heating power source 38 and generates a heat. 5 A filanment 20 for

t her m oni cheregsiren tise Edviderth o e Sikde pihbine phedpbassn vEogict i on
vessel 16, and a reflector 22 for reflection of electrons is provided on

the ot her ogide vACTREANGL & Se f Ic@n# 26, 1her t KARIIH 5BArekesds easpisvappdd ed from
the outside into the plasma production vessel 16. The ion source 10 2 of

this sgruaweesi?é Fef o1 radh ddh @@&&%&%é YR8 d 8B RQUEGSen THELSL] @oENt 20
is heated by a |Tanent power source 32. An arc voltage for arc discharge
|'s applied fé°@c§8n§§c?8"‘%ﬁb§95‘£8§ %ﬂ%é@?ﬂg&{?&ébi?@g} 20,200, hhe

pl asma proauctlon véssel 16 serving as anode. Between fthe plasma production
15 vessel _to_and e ] ead-out .electrode 28 . a | ead-out vpltage for,leadin
out 'the.i BATBodm FBSBERFaET I &7 dateBhet Palent SoUpEREbeo2EReeE Boner
sources 32, 34, 36 ang t he heati ng power source 38 are controlled by a
control ufift Xérpﬁeph'§u8%égﬁlgancﬁ§ BXSIFPEE6f an operation procedure

(operation 20 process) for this ion source 2 will be described bel ow. A
Starting the i oAndoub¥e Preheasfingr a@ithydreuseiaenoesf| belpde 83036, t he
solid material 6 is put into the heating furnace 4, a vacuum vessel (not
shown}0 acevrpodating ehi sndbamshiirerlde iar dlec fdmed ofor28haakénpt sapr essur e
bel ow a predeterm ned pressure P, (e.g., 1 9 2 4 F EB 2003 x 10-3Pa)

be prevented. If indium fluoride is evaporated at the time of

preheating, there is the possibility that the plasma production

vessel or the vacuum vessel may be contaminated. However, in

the present invention, contamination of the plasma production

15 vessel or the vacuum vessel can be prevented.

Halides of indium include sulfur bromide, indium
chloride, and indium ilodide, besides indium fluoride, but
because they have lower melting points than indium fluoride,
the temperature of the heating furnace immediately rises above

20 those melting points to obtain the vapor amount required to
lead out an ion beam. Also, owing to preheating at temperatures
as previously described, a considerable molecular weight has
already evaporated. As a result, the plasma production vessel

or the vacuum vessel is contaminated by bromine, chlorine or

25 iodine. The vapor conduit tube may be clogged. On the contrary,



32, so that the tenperature of the plasma production vessel 16 is

about 300C, while the plasma 5 production vessel 16 is preheated (baked)

for sone tinme. ( 3 ) The gases including the water content are discharged
by preheating to increase the pressure of the vacuum vessel, but because
the vacuum vessel is continuously evacuated, the pressure of the vacuum
vessel will drop. If the pressure is 10 restored bel ow a predeterm ned
pressure RBofgaindgum hallidesl0inBaun flubeliderpes ather bigheshemtébhingg
furnace 4 is gradually increased, whereby the heating furnace 4 with indium
fluoride Gainnsi devd dgrehestt edaps ebhkegdyrodlleabas Bz d3cribede
pressure within the vacuum vessel drops bel ow 15 a predeterm ned pressure

P4 (e.g., akcorlin3RY),, 1iA8duhas] 1B Hietd aashbgt tersleaeyb & herprehgavhfy is
term nated. The decreasing tendency neans that the evacuation is superior

to the di sghange ek 3as@ive( £8uNdAENIRS1AG1AR AuxbLiaEyigagpd2mbs to ,
introduced into the 20 plasna production vessel 16, and an arc voltage is

applied fr t ar, I, urce 34 to produce a plasma 24 within the

pl asmaglpr& g‘gt Pjglﬁc vlglgg%}wfé)i%mer eby, the tenperature T, within the plasm
production vessel .16 is..norna]ly. kept .at tenperatures from_500C to.1000C
D56 The 1 empaPauPe TG Aehot heBr PG Puraca iV Lous! 100 W aiF E B
2003 within range neeting the conditiqgns of_ Nunerical xpression 1, such
that a re(?t’fieraf@d: nifooflsgaﬁ&fdr@djrﬁ be"BHH i ﬁéd%oﬁjocgreexaﬁsge,lst h@ore
tenperature is made from 450C to 700C. Thereby, a vapor 8a of _indium
fluoride ®fMedisiddutedEEThERBRRERSI P RE Praditd tirsufetraRevessel
16. Since an arc discharge has been generated within the plasma production
vessel 16 9MPLREM3rRYPIUSE ppcessqls) ot hBe\RpRAugt i o rold gda®@nchécérn i s
ionized, so that the plasma 24 containing indiumions is produced. 10 (7)
In thile stsatstaamdesad-out voltage is applied fromthe | ead-out power source
36 to lead out an ion beam 30 containing indiumions, and radiate the ion
beam 30 to the gudisjogcindPun dlebirede nanbengptehdatedritintthdhsatenhod, the
i on beam 30 containing indiumions 15 can be led out stably fromthe ion
source 2, fwirecgpraavems Bgme time of preheating the heating furnace.

(2) The filament 20 is energized and heated by the filament power %ﬁgfggz(m}

In this way, the water content can be removed more completely
to be more beneficial to prevent the contamination. And if the
15 preheating is performed at the same time, the operation is
simplified. Alternately, indium fluoride which has been heated
at temperatures from 250°C to 450°C in other place to remove
the water content beforehand may be brought into the heating
furnace while keeping it away from the water content. In this

20 way, the starting time of the ion source can be shortened.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic view illustrating an example of
an ion beam irradiation apparatus around an ion source

25 according to this invention; and



the contam nation of the heating furnace 4 , the vapor conduit tube 10, the
pl asma production vessel 16, and the vacuum vessel accommodating the 4i BB 2003
source 2, and the clogging of the vapor conduit tube 10, owing to the
reasons previously described. 20 If the vaporized indiumfluoride is
converted into plasma within the plasma production vessel 16, radical
fluorine is produced. This has the effect of cleaning an inner wall of the.
pl asma production vessel 16, because the radical fluorine is very reactive.
Ther eby, the cl €apiiyisfa greplpbaswangraoderamphe2 vbsselasifiezhnebelt
simplified, or the life of the plasma 11 2 4 F E9 203 production vessel
16 extended tBe Endin@ ide bBedin S0UHCR1t2 0b8hiThel heRh Reef Hi-RagerAehs
stopped by turning off the heating power source 38, so that the tenperature
of the hqulagrQeBu&aaQ%e4lb§ degreased pgkow300C. Thereby, the vapor 8 is
not produced. ( 9 ) To lead out the ion beam 30 is ended by cutting of f

t he | ead- out voltage fromthe | ead-out power source 36. (10) The plasma 24
is quenched by shutting off the 10 introduction of the auxiliary gas 12.
(11) The conduc t f] ff . Thereby,
t he te?rper atur eﬁgﬁﬂi[ﬁﬁla #gg%&ﬁ?% Ncggoﬁﬁgeggﬁ%%ecrég‘gg@&mte that the

| t t.off at this.t 5 Wth
Thi s method, ol Eap lgaao?caerﬁéilﬁﬁﬁﬁéh% SlieeeanBnStna arBeEsel( 5 )

to |l ead out the ion bean130 is ended. Hence, indiumfluoride can be
pr event ed ¥ ohPP e&id nyToF éﬂﬁé??n@Rﬂ%QﬁqP%hérﬁHQQWP%rddﬁbtF@HrG@ssa
16. Also, the switching to other ion species is facilitated. 20 Note that

t he press@ESIPENIPEcakdrisg inyenid oabove processes (1), (3) and (4) may be
set to such a degree of vacuumthat the residual oxygen or water content
may have negli giTbiie epbhebeavnikndiuatfibuoapderakFos prafpkes theswapsessures
may be from1l x 10-3Pa to 1 x 10-aPa . 25 The auxiliary gas 12 introduced
in théOprcegssatiomeyf 42 ioR kedm BOB12008ut from an ion source 2, as
required, and radiates the ion beam to a subject 42 to effect
ion implantation into the subject 42. Note that the subject
42 isplaced near the ion source 2 for the convenience of drawing,
but in practice disposed much downstream of the ion source 2.
15 In this example, the ion source 2 comprises: a heating
furnace 4 for heating a solid material 6 and produces its vapor
8; a vapor conduit tube 10 for connecting the heating furnace
4 and a plasma production vessel 16 and introducing the vapor
8 from the heating furnace 4 into the plasma production vessel
20 16; the plasma production vessel 16 for producing a plasma 24
by ionizing the vapor 8 introduced through this vapor conduit
tube 10; and a lead-out electrode 28 for leading out an ion
beam 30 from the plasma 24 within this plasma production vessel

16 owing to the influence of the electric fields. Further, in

25 this example, a gas inlet tube 14 is provided to introduce an



be an inert gas other than Ar gas, or a fluorine conpound gas. For fﬁﬁgqmg,
Xe, BF3, GeF4, and N2 gases, which contain no oxygen or hydrogen i% t
bonded atons, are preferable. Using such gases containing no hydrogen or
oxygen, the strong acid 5 substance such as hydrofluoric acid or hydrogen
fluoride can be prevented from being produced within the plasm production
vessel 16. Incidentally, the auxiliary gas 12 helps to produce the plasna
24 when the vapor pressure within the plasnma production 10 vessel 16 due to
t he vapor a8i4id llaow. das tlize icdse tileepd atsime wapolugiriesswres el Ih., 1 x 10- 3Pa
or greater) sufficient to produce the plasma 24 within the plasm

producti on vessah t6ist ahbypdee taet heavapgr f8ratcethd hesper atueerob the
heating furnace in the process (6) can be obtained, there is no necessity

of 15 providdi REathBgPr aceSTHSheadBd $ he BhasHa 224 PRYa braviedussdedi rectly
by the vapor 8 introduced in the process (6). "Since the amount™ of vapor for

indium f 1 uQyide i3 very g%%’ésriattie‘ée aﬁglaetaﬁe. tenperature, it is preferred that

the heating tenperature Tl of the ting furnace 4 in the process (6) is

20 | | ed : ] : 1G he | - f
i unt) ons condy ST a0 AR Z8F AP S Sl T KEST RRaBITHRE T2 of

the heati 4] d ith the relation of Nunerical
Expr essi o L wHen T Bal P bIE™E He TSI BEn YU £ He i G SGUFE6195°9%( | . a

., 1n the process é 6 an%ﬂ% 7 may be pr.ovi ded, whereby 13 2 4 F
£ B 2003 o FPon  SbbeCE oA B 38 RFOFLPSHOPT SV M e ST
automatically. In this exanple, the control unit 40 is provided. This
control urfi fesmedaift féled &k KO SPar CrRG EPBFafiLER &P Bhd S| GRPIAEFC & rPMas
indicated at A and the ending operation as 5 indicated at Bin this
exanpl e. THiIssoRhgéae ilowockire bd agpl Preedeet i tre Vess edolip cdheoidrrsoLlgR t he
Bernus type ion source, irrespective of neans for producing the plasm 24
wi t hi A0t he2 pfasimes prodettireni s essidr 6] thoas exdrphes ayFedamasouyge .i on
source enploying a bar-like 10 filament, a Bucket type ion source enpl oying
a nmultipolar nmaghet fclémeht ZCuspheagadibe of Eeldhehar powatigmwnerd 3@f.
pl asma, a hi gh-frequency ion source enploying the high frequency (i ncluding
the m cro mewe)x oltpgedict it ofi Pt iagnaEERityperbRnan e ey oyi ng
an ECR (el ectron cyclotron resonance)
source 34 between the filament 20 and the plasma production
vessel 16 serving as anode. Between the plasma production
15 vessel 16 and the lead-out electrode 28, a lead-out voltage
for leading out the ion beam is applied from a lead-out power
source 36. These power sources 32, 34, 36 and the heating power
source 38 are controlled by a control unit 40 in this example.
One example of an operation procedure (operation
20 process) for this ion source 2 will be described below.
A. Starting the ion source 2
(1) After anhydrous indium fluoride 6a as the solid
material 6 is put into the heating furnace 4, a vacuum vessel

(not shown) accommodating this ion source 2 is evacuated to

25 make its pressure below a predetermined pressure P, (e.g., 1



15 for production of plasma nmay be applicable. [Exanple] Using anhﬁg{zggzm3
indiumfluoride 6a as the solid material 6, an experinent was cond in
which the ion source 2 as shown in Fig. 1 was operated in accordance with

t he operation 20 procedure to | ead out the ion beam 30 contai ning indium
ions and apply the ion beam 30 to the subject 42. The preheating in the
process (3) was perforned to increase the tenperature up to 300C i n about -
20 mnutes and maintain its state for 10 mnutes . The Ar gas as the

auxi liaryx250daga)12 in the process ( 5 ) was supplied at | ccmunder the
control 14 2 4 F E B 200 of a flow controller. The tenperature T1 of the
heating furnace(#)i rheheileeeesses (83 anerglzetasaitdre800€. byn xS
state, the operation of |eading out the ion beam 30 was conducted for about

| 50 ninut es1amdhe dRad- aBtirkel 3A0ef oM the i:@lﬁSeQH’&uPQW tRe SO & 36 was
25kV. Fig. 2 shows how the indiumion bean1current c anges when the arc

d fl
v ough { RESGH ?éebwégéél"lpﬁe[l?%%ﬁt A Th Mor T BRERPrEHE o e ™"

separ 531 g bAIELeByDERILE0 hBd; Qub AR LM e Lo SOU 6R:2. oA shomn in

can e Seén rumion ean1current Creased
proportlonal toéap arc _current t he excel |l ent co(%{ollablllty

, )
Chobrvi ng ¢ he. oMt HEEPFBR GIe THETE®A BT Lot SOt BparoaT CHaTe
contam nation of the plasnma production vessel 15 16 and the vacuum vessel
acconnDdaPVn@r?h?éti%% Qumter SR s PEESEIEe PA WRAPCHEEheR eV SR tittl e
difference fromthe operation of the ion source 2 only with Ar gas.
Further, PHE eopRase Ndts of BT VeF§edg 16f CPRELIRBAHBAY ‘Flﬁ@ﬁ‘é@éeﬂ: anlde t he
vapor condU|t tube 10 was not observed. 20 This invention has been
confi gur edreastie afovhenuanern uadshaswihé fopPpowl Agtie¢frressupecobsdi ng to
claim2 of the invention, a vapor of indiumfluoride can be produced, while
i ndi uhd f | vesitdeedsbpl ev entpac datemnhisiaw prelstsare B, t ke heatli ngldePapce. And
the tenperature 25 gradient occurs in the vapor conduit tube to prevent the
vapor 15 the temperature of the heating furnace 4 is gradually increased,
whereby the heating furnace 4 with indium fluoride 6a inside
is preheated (prebaked) at about 300°C.
(4) If the pressure within the vacuum vessel drops below
15 a predetermined pressure P, (e.g., 1 X 1073Pa), and has a
decreasing tendency, the preheating 1is terminated. The
decreasing tendency means that the evacuation is superior to
the discharge of gases.
(5) Ar gas as an auxiliary gas 12 is introduced into the
20 plasma production vessel 16, and an arc voltage is applied from
the arc power source 34 to produce a plasma 24 within the plasma

production vessel 16. Thereby, the temperature T, within the

plasma production vessel 16 is normally kept at temperatures

from 500°C to 1000°C.

25 (6) The temperature Tl of the heating furnace 4 is set

10



2 4 F E B 2003 frombeing resolidified within the vapor conduit tutze Eng@ﬁ
plasma production vessel. Therefore, an ion beam containing indium lb

be stably led out fromthe ion source, while the contam nation of the

heati ng furnace, the vapor conduit 5 tube and the plasma production vessel

i s suppressed. Thereby, the practical utilization of indiumions can be

ef fected. According to claim2 of the invention, there is a further effect
that the contam nation of the plasnma production vessel or the vacuum vessel
acconmodatwiigitnhe ¥angs oeede ngahhbecditd siecenelof Pueeeniced. Edpgresdiog to
claim3 of the invention, there is the sane effect as claim1l of the

i nvention,l,asdchuthherathegitresaniamtcat hapepecanedewobhaliabar - sayi ng and
automatically. 16 2 4 F EB 2003 WHAT IS CLAIMED I S 1. A nethod for

oper ati Ng BRAR  SOHE Crdl YU &k 8 ShRaLLNErdrawaee {017 Riedus,Bg.gy,vapor by
heating a solid material 'and a plasma production vessel for produc?’ng a

plasme 5 by J.0:21580 e nanar + suBPY hedeh Nt 8ughodukBROLRA0RAHELahUR] T om

sai d heating furnace are provi e met hod conprising the step o

| eadi ng o n_ion C L 0 i.ndi iI.QNS Jf.r i ol rial
bor ng P naide e PREeh B A R L SR e ST et S MELSH
heating furnace is kept_in,a range fromA450C to 117QC, and bel.ow_a,
Comper at uTE P osh S BPaahad prbaReE Uit VUGUa B OBHEd T8t Ned SRdodPatig to
claim1l, conprising the 15 step gf | eadi ng out the ion beamin such a
manner t hat" R SVembsr REGFESSt (Sar dthEar PRt Br hAEECPECREpFRPRLEi dSr ange
of tenperatures after said heating furnace and said plasnma production
vessel ar & Prdtéat e3P | Rhat vARGum &SHss phtr 8CRFALBAPEr dFHes! fFm$ 256C 20 to
450C. 3. An ion beamirradi ati on apparatus for applying an ion beamto a
subj ect, EF@SICEchg: an ion source for producing an i on beam cont ai ni ng

i ndium 25 ions, which includes a heating furnace for producing a vapor 17
(7) In this state, a lead-out voltage is applied from

the lead-out power source 36 to lead out an ion beam 30
containing indium ions, and radiate the ion beam 30 to the
subject 42 to effect ion implantation.
With this method, the ion beam 30 containing indium ions
15 can be led out stably from the ion source 2, while preventing
the contamination of the heating furnace 4, the vapor conduit
tube 10, the plasma production vessel 16, and the vacuum vessel
accommodating the ion source 2, and the clogging of the vapor
conduit tube 10, owing to the reasons previously described.
20 If the vaporized indium fluoride is converted into plasma
within the plasma production vessel 16, radical fluorine is
produced. This has the effect of cleaning an inner wall of the
plasma production vessel 16, because the radical fluorine is
very reactive. Thereby, the cleaning of the plasma production

25 vessel 16 can be simplified, or the life of the plasma

11



2 4 F E B 2003 by heating indiumfluoride, and a pl asma production vessel
for producing a plasma by ionizing the vapor supplied through a vapQrggs 2003
conduit tube fromsaid heating furnaces and a control unit for keeping a
tenperature of said heating 5 furnace in a range from450C to 1170C, and
bel ow a tenperature of said plasma production vessel, when said ion source
produces the ion beam 18 .AuR A32. A . A .AA

JALCAU LA A A A@AACA D A[LAN A A

CM k<t 7TkWdxcshiot i8] ealsezllc 1d] exltealed].ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] c*a] cal] caU] caU] ca] cTal] ca! E6s V -67f (b7 v
{val gb] X] c] ca] ca).caheaheakeal sahcabaakeabeal ca] ca] ca] ca] cal cal] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]calv

94 F{ 8xWe} 1

| ol cal cal Ca] cal'ea] onf ol e ol el cay eafea] ca] car R Saee T o, *@%SECFL%?LS?LE?
cel v cal ool salcabel pol sl ol ol ool RPN MR R ST
a] /ca]l cg] caé c%]@'ca] cal, ca] ca! cal cg] ]l%a’] % a] ca er by],ca]l(éa]vggogaI84lrs
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1111<2| 222' 3D3x33324} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ddlec dlecal-waltc alcdd]asgs dajoraté®] dajackiwd] aajvesn cad ATl FAIR4445>5y 555/
6X666777TW 778

8[ 8889Y90999999: (s niTh«] pta(ma] 24] da cca]ezac]kcac]ica]yceqma:]u:ia]@ac]afﬂ] thkcal ca] c
aJ calcalca]lcalcalcalcalcalcalcalcalcalcalcalcalcalcal 9:x:::0;1;;;; <[<<<<;
={ ===20n>>x(t Ui 2? ((@ @etBussiniiicthrd)] |gea] def .ca] ca] cal ca] ca] ca] ca] caljca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal GACAy AAA
B[ BBBC<C| CCC5DPOPRPDThe conduction of electricity to the filament 20
E\ EEEFFTFFFGALGM3QG xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca
] ca] ca] calicakeal saf calicadony caheat eabeaheakead & ad kalnal LRG| 1 JYJ
~JInJJJ" K] KKKKKK- LnLLL#¥M M M_MW} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] Ca]\i@és‘@] qg] gakcahsakcalsad aal £aktrl aakcabeahoal fal oad Gl lFMVNVNNN
PPQQRAQQORKRRRR/ S0SSSSS&T} xsni d_Z] ] ca] ca] ca] ca]ca] ca] ca] ca] ca] caj

R i
cal cal-Cal iilziilz%%tﬁ %??%%8‘%&@% TG R B et ey ca”
ey el gl il i

10938 () - lglr%gmé) <td | 10068 () - 3910%GK! () - 24109438 () - 3! 1096 () -

1098 () - |can even m remainirig or a erlng
109638 () - FF+! 109%63&' () - F@' 109438 () - F& ! 109638 ()
V#1098 (YL EHIDHEE OLARRFERFOINSE 1On FRERRE (9 - PH@A0%Ee OWiRsh Ty () -

F1& 10%&' () -y/ #10%C& () -ErS4Y 104 & ()-Y 10% & () - |

10% & () -1t @tlfmﬂa/wmspeq%@ hpgipabyitated ovggs () - 6saBr S4Y

10% & %) I110% & ()-1f 10% & ()-1L 10%& ()-!3"10% /& ()-1, 10% & ()- V

dEr S4¥ Note that the pressures P,, P;and P, in the above processes
(1), (3} and (4) may be set to such a degree of vacuum that
the residual oxygen or water content may have negligible effect
on indium fluoride. For example, those pressures may be from

1 x 107°Pa to 1 x 107'Pa.

25 The auxiliary gas 12 introduced in the process (5) may

12
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10988 ()-1!1098& ()-1!109B& ()-{8xdEnmb@!

Y+109B&' ( Joe paOB& f Jga% btO¥B& Kan Ar gas, or a fluorine compound gas.
Yg#109B& () -# 109B& ()-!!109B& () - W-dEmb@! 7! 1098& () - 5& 10%B&’ () 39! 109B&

()-1!'109B& o) e 2AHI DYPHe() BE;, 864 BYBENG)IN, FPEE, FhEQ¥ECOHNtYin no ox%
109& () - & 10%& ()- 10B 10B 10B =s109B& () -, 9#1098& () - ~RIELCY! 109& (

100 0" A0 Chel O b care pafarobes aigs 7uct

a0 ) (2) g%g“@ﬁe?ﬂ%%%% 'an%%éR oE IR LA - SLAQYE (o "&91@ O-@

103= "10 & ('L‘])&‘ S %10%&' ég‘?' 1%1/%(&% 5! 10%&'C(F2d 310(5 Sgo L { Q [ > FxY:/

10f | " 10% G&PE-21SF0sER: {5 YRR )AF Y ClodYGE ST L189F B8R FAT 10%

e ()- L B v R S P b g E o Caa i e P e QlaYsm%"E{‘i»gﬁ‘ué%f 10%
vessel 16.

Incidentally, the auxiliary gas 12 helps to produce the

plasma 24 when the vapor pressure within the plasma production
10 vessel 16 due to the vapor 8 is low. In the case where the vapor
pressure (e.g., 1 x 107 Pa or greater) sufficient to produce
the plasma 24 within the plasma production vessel 16 stably
due to the vapor 8 at the temperature of the heating furnace
in the process (6) can be obtained, there is no necessity of
15 providing the process (5), and the plasma 24 may be produced
directly by the vapor 8 introduced in the process (6).

Since the amount of vapor for indium fluoride is very
sensitive to the temperature, it is preferred that the heating
temperature T, of the heating furnace 4 in the process (6) is

20 controlled at a precision of about *1°C to keep the lead-out
amount of indium ions constant.

A control unit for controlling the temperature T, of the
heating furnace 4 in accordance with the relation of Numerical

Expression 1 when leading out the ion beam from the ion source

25 2 (i.e., in the processes (6) and (7)) may be provided, whereby
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y5&! 10%1& ()- s3!10%1& ()- Y1! 10%1& () -,/ #10%& () - ######SKSSDC 10&

10%3&' () - aukQ¥af Qa1 130%ER h)islesd - Che A ADMinit 40 isF
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)_

rovided.

T109%6% ()-, F

10%% () - T@10% % o1%hit 40 controls the starting operation of the

ion source 2 as indicated at A and the ending operation as

5 indicated at B in this example.

This invention can be applied to the ion sources other

than the Bernus type ion source, irrespective of means for

producing the plasma 24 within the plasma production vessel

16. For example, a Freeman type ion source employing a bar-like

10 filament, a Bucket type ion source employing a multipolar

magnetic field (cuspmagnetic field) for confinement of plasma,

a high-frequency ion source employing the high frequency

(including the micro wave) for production of plasma,

an ECR

type ion source employing an ECR (electron cyclotron resonance)

15 for production of plasma may be applicable.

[(Example]

Using anhydrous indium fluoride 6a as the solid material

6, an experiment was conducted in which the ion source 2 as

shown in Fig. 1 was operated in accordance with the operation

20 procedure to lead out the ion beam 30 containing indium ions

and apply the ion beam 30 to the subject 42.

The preheating in the process (3) was performed to

increase the temperature up to 300°C in about 20 minutes and

maintain its state for 10 minutes. The Ar gas as the auxiliary

25 gas 12 in the process (5) was supplied at lccm under the control

14
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the arc current is varied in this operation. This indium ion

beam current flows through the subject 42 owing to the indium
ion beam obtained by mass separating the ion beam 30 led out
10 from the ion source 2. As shown in Fig. 2, it can be seen that
the indium ion beam current is increased proportional to the
arc current, and has the excellent controllability.
Observing the contamination of the ion source 2 after
operation, the contamination of the plasma production vessel
15 16 and the vacuum vessel accommodating this ion source 2 was
favorable, in which there was little difference from the
operation of the ion source 2 only with Ar gas. Further, the
contamination or clogging of the heating furnace 4 and the vapox
conduit tube 10 was not observed.
20 This invention has been configured in the above manner,
and has the following effects.
According to claim 1 of the invention, a vapor of indium
fluoride can be produced, while indium fluoride is prevented
from being molten in the heating furnace. And the temperature

25 gradient occurs in the vapor conduit tube to prevent the vapor

15
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effect that the contamination of the plasma production vessel
or the vacuum vessel accommodating the ion source can be
10 securely prevented.
According to claim 3 of the invention, there is the same

effect as claim 1 of the invention, and further the ion source

can be operated with labor-saving and automatically.
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e step o

leading out an ion beam containing indium ions from said
solid material being indium fluoride in such a manner that a
10 temperature of said heating furnace is kept in a range from

450°C to 1170°C, and below a temperature of said plasma

production vessel.

2. The method according to claim 1, comprising the

15 step of leading out the ion beam in such a manner that the

temperature of said heating furnace is kept in said range of
temperatures

after said heating furnace and said plasma production vessel

are preheated in a vacuum atmosphere at temperatures from 250°C

20 to 450°C.

3. An ion beam irradiation apparatus for applying an
ion beam to a subject, comprising:
an lon source for producing an ion beam containing indium

25 ions, which includes a heating furnace for producing a vapor
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of said plasma production vessel, when said ion source produces

the ion beam.
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