; e3eZ#76 :#6p#TH#uU | ON BEAM | RRADI ATI ON APPARATUS AND METHOD OF | GNI TI NG A
PLASMA FOR THE SAME BACKGROUND OF THE INVENTION 5 1. FIELD OF THE
| NVENTI ON The present invention relates to an ion beamirradiation

apparatus for carrying out a process of inplanting ions into mmﬂmm\\ﬂmmy
irradiating the substrate with an ion beam and a nethod of oa

ion beamirradiati on apparatus. 10 The invention also relates to ais#®éhod
of manufacturing sem conductor devices by inplanting ion beans into a

sen conduct or SW "8 iﬁ@mﬁl\] tp[ﬁ;ARtA%ss% ﬁ\ﬁtﬁ{dns dFr radiated with

an ion beam and nore particularly to neans for suppressing the
accunul ati vely chargin Iﬁpﬁf -u i, A r of the substrate when
it isirradiated with ?%é i'on é%ﬁﬁjggﬂbgggéﬁﬁﬁfé§§@g THE REﬂmmmﬁm w”mmn
manuf act uri ng sem conduc I.Ces Ey j.Qn ' é ntation, i i nt
to suppress the charge-uégggggﬁgﬁgug t?g€e1§§?$ﬂg ﬁV\/nen it is irr.ggbated
with an ion beam A charge-up suppressing techni que has been proposed in
the related art. In the proposed techni que, plasm generated by a plasm
generator is squIied to_an ugstreanlregion of the substrate. 25 El ectrons
cont & nel-i RAIERE pFashh ANE¥ENEEHNfor neutralizing 1 the positive charge
of the substrate produced by the ion beam . _ o
i rradi ati on. ThEpE sposeittedANEHGEASUPHE 1 25 d&t RBNSUT Pewer 1 ehadggtiont he
substrate, when conpared with the technique of utilizing prinmary el ectrons
em tted &pparatipl &pentabrysedondary 0§ oglegst pédnsmpdbntedof tonsahnodj ect
when the object is irradiated with the primary electrons emtted fromthe
filamenta Adcordhrgly, irthedpropogethe estis tued ehag thnamdvanbage, oind educi ng
t he negative charge in the substrate. A plasma generator of a radio
frequency desbhdrgé tppeatOngsthkaomwnnwhesh Henedadbesom ppasnatby. i oni zi ng,
using radi o frequency discharge, a plasma generating gas that is led into a
pl adifa prbducitivemchanbet soThiesl atygre 0d pl asedhgénerfatiosnufacturing
semiconductor devices by implanting ion beams into a
semiconductor substrate in a manner that the substrate is
irradiated with an ion beam, and more particularly to means
for suppressing the accumulatively charging (charge-up) in the
15 surface of the substrate when it is irradiated with the ion

beam.

2. DESCRIPTION OF THE RELATED ART
When manufacturing semiconductor devices by ion
20 implantation, it is important to suppress the charge-up of the
substrate surface when it is irradiated with an ion beam. A
charge-up suppressing technique hasbeenproposedintherelated
art. In the proposed technique, plasma generated by a plasma
generator is supplied to an upstream region of the substrate.

25 Electrons contained in the plasma are used for neutralizing



advant ageous over the plasma generator of the type which uses the fil anent
for the discharge in the following points: a) the 15 plasma has a | ong
lifetime, and b) it is operable at |ow gas pressure, and hence the vacuum
wi t-hin a process chanber can be maintained while the plasma i s being
generated. One of the problens involved in the plasma generator of the
radi o frequency (RF) discharge type which utilizes radio 20 frequency

di scharging for the plasma generation, resides in the plasma ignition. The

pl asma genersd o1 t Phe td}ﬂar%"_e dirsehar 9o 4 yper d A ded Neludas aon elaat rode

(capacitively coupling),e.g., an antenna, or a coil (|nduct|vely coupl i ng)
for 'ntrPPH&&DQt?oBa@H%ﬁ%%ﬁé@@y%QEMnWQM@édﬂﬁlf&§%?@@@r@ﬁ§@¥@&iQﬂ:Cha”ber
Usual ly, a 2 nagnetlc for generating a plasna and mai ntaining the

gener at eg, pl kat @%Hﬁ%\{@e 0 fRe e'oﬁ\ DR Ar QAURt QD chanh V\ﬁ% 'J&thls

case, to |gn asna at ast one e ectron must exi st

I d by
el ect' it ?%'lﬁ’ﬁp dER S o i Bt BB 3B TR SheT ks r%“a%e
el ec rons

tted as ult of the ionjzation succ SS|veI , ot her
ot ot orS heT ECR BT %goal S fb e S lhABr 57 sEnere: oo Jaﬁlyaaélc%ﬁ i time
poi nt, or in other wor ds, a na is igni OIt is ge
consi der®HtR hat? ¢ hé Fitadty ele'E:1 g tiSs ﬁ H%Egd %HOQUCW% vﬁyl
hi gh-energy particl e beans conlng from outer space ionize a gas. The number
of el ecthoreT ¢has !l i G CaHERIS FaF EFeredpRARS aﬁ“r%@m%%t%% ﬁuft%‘%qﬂflélqgas is
much smal | er than the nunber of therm ons (usually several md) 15 emtted
by the filamagative eranpteln Abledraihyisetet is difficult to reliably
ignite a plasnaza%}nerely i ntroducing an RF wave into the plasna producti on
chanber. To rek iRk g3 GNP IRP fpPaSadl Ot FeS FOFT BWi oS PR FERIs iR

enployed in the related art. 20 1) A discharge gap is forned in the plasma
pr oddct i bh lélh@mewhlxc\hhggﬁemrqeégé ird agpypl od igerigss dhalgayw trEause a

frequency discharge, a plasma generating gas that is led into
a plasma production chamber. This type of plasma generator is
advantageous over the plasma generator of the type which uses
the filament for the discharge in the following points: a) the
15 plasma has a long lifetime, and b) it is operable at low gas
pressure, and hence the vacuum within a process chamber can
be maintained while the plasma is being generated.
One of the problems involved in the plasma generator of
the radioc frequency (RF) discharge type which utilizes radio
20 frequency discharging for the plasma generation, resides in
the plasma ignition.
The plasma generator of the RF discharge type usually
includes anelectrode (capacitivelycoupling), e.g., anantenna,
or a coil (inductively coupling) for introducing a radio

25 frequency wave into a plasma production chamber. Usually, a



di scharge, and in turn, the discharge generates a great nunber of

el ectrons. 2) Laser light of high energy density is introduced into 25 the
pl asma production chanber. A plasna is ignited by thermally 3 ionizing a
pl asma generating gas using direct laser light. In nethod 1 ) above, at

| east one di scharge gap el ectrode having an exposed netal part nust be
provided within the plasma production chanber. Further, a high voltage
source for applying 5 a high voltage to the el ectrode nust al so be

prOVidedmaiﬁe Eﬁd %Q? g%ﬁb%%tﬁ%%d fﬁpdgﬂgug%&Lﬁafﬁgéfﬁﬂ

constructi |ncrease its cost’s ter the plasma 1gnit on the

di sch T h
s;afts:zﬁe%%%g%ﬁa LS SRS o e ol samesad n z#&»%gf«aﬁﬂw.ﬂzeresa. :,
in netal contaﬂitgblon of t he subs rate., Further, ,the.d a{%e causes a

C

ch
surge vol t age THITRSY, PhePB S %Iﬁ‘ﬁag? Fﬁa&e?ﬁg %ﬁ?d% ortdhe
d | ffect f the d h | the 15
control HasF & %36 3Perisg aswagﬂr%hgﬁé% et TOR e L. Net hod

2) requires a |aser ght source and a_| as ght transnlsS|on wi ndow f or
i ntréduc?‘ﬁ@eéeif%éi;“qy @H%QE%Ftet]@d:tfl?Jd?ﬁ%% IQ%E 0 HHET S5 @R $HILE t he
pl asma production chanber. 20 Again, like in nethod 1), the device used for

met hod 20 HeP RIhei -c SRSPY UERF GHL GHILH T BRE 6566525 13 Tes3tE. OF nthfidi ti on,
mat eri al deposited during the plasma generation accunul atively attaches to
t he | asetohi ght ipnaiizd &xiigre iy haowzeldtheie afapamr vplekeleéspobiied
material 25 grows to interrupt the laser light, the plasma ignition becones
4 i nposspbiemalis tshidklepdse gemairatenant ea icseﬁtraelqué:nmeyp@anﬁi, edroit to
clean the deposited naterial, which can becone cumbersone. SUMVARY OF THE
| NVENTI Gh\cBe Aceordsngbyplaspai hei pehibbflect of the present invention is to
provi de a nethod and apparatus which are capable of reliably and sinply
i gniltd ng a pl ashaiwi géoeratteatdmygipe obd eblsasuthhe abi net a¢ leont@am mation, in
a plasma generator of the RF

produced in such a way that high-energy particle beams coming

from outer space ionize a gas. The number of electrons that

high energy particle beams produce by hitting a gas is much

smaller than the number of thermions (usually, several mA)

15 emitted by the filament, for example. Accordingly, it is
difficult to reliably ignite a plasma by merely introducing
an RF wave into the plasma production chamber.

To reliably ignite an RF plasma, the following methods
are employed in the related art.

20 1) A discharge gap is formed in the plasma production
chamber. A high voltage is applied across the gap to cause a
discharge, and in turn, the discharge generates a great number
of electrons.

2) Laser light of high energy density is introduced into

25 the plasma production chamber. Aplasma is ignited by thermally



di scharge type for the substrate charge-up suppression as 10 nenti oned
above. According to one aspect of the present invention, there is provided
a method of operating an ion beamirradi ati on apparatus. In the operating
met-hod, when a plasma is ignited in the plasnma generator, the ion beam
travel s beside or in the 15 vicinity of the plasma generator, and in this
state a voltage, positive with respective to ground, is applied to the

pl asma production chanber. Further, secondary el ectrons, which are

Pl ons o0t D The IR e DCet T o bt 1 6 8 30 Pl o e o beam

are led into the plasna. prqoducti on chanber by.th ositive voltage, and in
t he pl asna profcqpuéntgitglr?dclllgrﬁ%eorved Sltag?r%s gorﬂet ﬁéﬁcﬁggfgﬁ %%%reelc?%ﬁ%et he

secondary e] ectrons |l ed.into .the plasma production chanber. In the
oper at | i EEAEE 2RO SRt PEEGJar b ot cot 1R 158 &R € HiGgh enough
toreliably ignite the plasm, m e led 5 into the plasnma production

y be |
chanber PIEHF tf PRYCPATR S-Sl el B ¥ B VabF§IRFAEE ALt 1ol idsha
production chanber. The operating nethod a dvantageously utilizes the ion
bean? wh dht s WHi T 31y Ghee sdRC troder RESr 8ée8sPAgPBPViAedsuldst rfate, 5
for generating secondary electrons and in turn, the plasma ignition. The
pl asma nessbet i gl dgvbgethreditfiar rathed lof hekecoran! dre srnrarid Usit iagpl yi ng a
positive voltage to the plasma production chanber. Accordingly, the plasnma
i gnitiowlobelr atihoreaseverlys stopt®, and conplicated neans are not needed for
the 10 plasna ignition. Further, the operating nethod does not cause the
probl ens of neifalecditeamlrasticongnstrige, vohe adies gemegatdam,elerc tooms | cat ed
mai nt enance. According to another aspect of the invention, there is
provi dedi areiprsddare | thad Hdron appaattusendd ciThen, 15 heharadtteriezed by a
DC power source which applies a voltage, positive with respective to
grolind, parthel ps asne: gir pducticdr s¢ haedel ,tendubeadateectmndarme selleat r ons,
whi ch are generated
in metal contamination of the substrate.
Further, the discharge causes a surge voltage.
Accordingly, there is a danger that the surge voltage adversely
affects components of the device, such as for example, the
15 control devices of low voltage in an ion beam irradiation
apparatus.
Method 2) requires a laser light source and a laser light
transmission window for introducing a laser light emitted from
the laser light source into the plasma production chamber.
20 Again, like in method 1), the device used for method 2) has
complex construction which increases its costs.
In addition, material deposited during the plasma
generation accumulatively attaches to the laser light

transmission window. If the amount of the deposited material

25 grows to interrupt the laser light, the plasma ignition becomes



when the ion beamcollides with the plasma generating gas which flows out
of the plasnma production chanber into a path of the 20 ion beam into the
pl asma production chanmber by the positive voltage, and triggers a plasm
ignition with the secondary electrons led into the plasnma production
chanber, in the plasma production chanber. In the ion beamirradiation
apparatus, an anount of 25 secondary el ectrons, which is high enough to
reliably ignite 6 the plasma, nay be led into the plasnma production
chamber ;in@ﬁ?ﬁéf’dﬂgj Yin & H A dBY §ld BN D8 o FRilR@ritn f ha rRliasm
production chanber. The ion beamirradi ati on apparatus advantageously 5
ut! 1] 2%, 1iheqlaR aall s s Eht L an @t LG B3] LG RIRSAND o Lohe iRuRLQEARST NY Of
t he substrate, for generating secondary electrons and 1n turn, the plasm
ignition. Means additionally used for igniting the plasma are only a DC
power source for applying a positive voltage to the plasma production
chanber . Accordingly, 10 a LgniLii ration is very sinple, and
there is no need of usingS P%C§F28hﬁe3ﬁ¥E§8f8§he pl asma ignition.
Further, the ion beamirradi ati on apparatus d not cause the problens of
met P cont am HHGTH e A {GE UbREBPEER O CHE ReTHT L afdd aPht enance.
15 According to yet another aspect of the invention, there is prqvided an
i on bearh§ FP&FCAICSTH BPPAP deats IR EhR 145 WRAFAAEEG AP 1554 T8 1f6Wer  sour ce
whi ch is capabl e of selecting one of the follow ng operations: a) to apply
a vol t aged posiRd wel @i nepariasie 6 [gratindr 26 ity HePiedsn® YsPoduct i on
chanber, and to | ead secondary el ectrons, which are generated when the ion
beam colds deBehii h cohé apilasid ogeneriat # n§lgasawsicsteidtos ofit the e pl asnm
production chanber into a path of the ion beam into the plasma production
chanber disalergpostybeoefvsl ttage, sEntrate r flygereaupl asrRrEgRiLONO@SW th 25
the secondary electrons led into the plasnma producti on chanber,

10 mentioned above.

According to one aspect of the present invention, there
is provided a method of operating an ion beam irradiation
apparatus. In the operating method, when a plasma is ignited
in the plasma generator, the ion beam travels beside or in the

15 vicinity of the plasma generator, and in this state a voltage,
positive with respective to ground, is applied to the plasma
production chamber. Further, secondary electrons, which are
generated when the ion beam collides with the plasma generating
gas which flows out of the plasma production chamber into a

20 path of the ionbeam, are led into the plasma production chamber
by the positive voltage, and in the plasma production chamber
a plasma ignition is triggered with the secondary electrons
led into the plasma production chamber.

Inthe operatingmethod, anamount of secondaryelectrons,

25 which is high enough to reliably ignite the plasma, may be led



7 in the plasma production chanber, and b) to apply a voltage, negative
Wi th respective to ground, to the plasma production chanber, thereby
controlling an anount of electrons emtted fromthe plasna production
chanber. 5 In the ion beamirradi ati on apparatus, the DC power source
controls not only the plasma igniting operation as nmentioned above, but

al so an anobunt of electrons enmitted fromthe plasma production chanber
after the plasnma ignition. By the control of the anpbunt of emtted

e'eCtrOH%totBﬁe%&?&éﬁ%lﬂ%ddhéﬂH%nJ%h%ﬁ@ﬁﬁiaA@céH&iﬁ??yiSa%ﬁ@ﬁﬁ%ﬁﬁ@ to be
| ower, and the charge voltage of the substrate surface nmaybe further

reduced;, Myagugi.y 96 RCPANET 20w o8 IRy BaLUsedn ar gL the pl asm

ignition contro e emtte ectron anount contro erefore, the
constructi on i i fi th t is.I .when,15. co ing with

t he case mheF@gt §%%%&§§gggggg§é%égﬁhﬁﬁﬁq%ﬁﬁgﬁggéz%g%ﬁaa%fgggébectively.
According.to an addi.tional aspect _.of the invention, there |S. provided a
method 8P FRbrT CALORG LA RETERILE P TR RELCBY= H MpiAnt g PoRe=FHit o
seniﬁgnductor substrates b 'rradiftin 20 the substrate with_an i on beam
The Tt 6d. (638 52 1T P GUMASE of L G £9 YoM at Bs LAV Pl abHR BYaPBRi 2i ng a
pl asma generating gas as introduced into a plasma production chanber by a
radi o f réqdenQ -difSEnRT §EMa dhdY Qfppidred eGhBY g rHi el 57 astha oot B8R upst r eam
regi on of the sem conductor substrate, thereby 25 suppressing the charge-up
in a sufPAcd G t#ed s eBRAYEPEr 38 PO fister At kR el by e oR 1 BERM

irradiation. In the sem conductor device fabricating nethod, the follow ng
st eps ai&oghisdijtcedchamber . Accordingly, the plasma ignition operation

is very simple, and complicated means are not needed for the
10 plasma ignition. Further, the operating method does not cause
the problems of metal contamination, surge voltage generation,
or complicated maintenance.
According to another aspect of the invention, there is
provided an 1on beam irradiation apparatus which 1is
15 characterized by a DC power source which applies a voltage,
positive with respective to ground, to the plasma production
chamber, and leads secondary electrons, which are generated
when the ion beam collides with the plasma generating gas which
flows out of the plasma production chamber into a path of the
20 ion beam, into the plasma production chamber by the positive
voltage, and triggers a plasma ignition with the secondary
electrons led into the plasma production chamber, in the plasma
production chamber.
In the ion beam irradiation apparatus, an amount of

25 secondary electrons, which is high enough to reliably ignite



A) the ion beamis generated in the plasma generator, and 5 in this state a
vol tage, positive with respective to ground, is applied to the plasm
production chanber, and secondary el ectrons, which are generated when the
ion beamcollides with the plasnma generating gas which flows out of the

pl asma production chanber into a path of the ion beam are led 10 into the
pl asma producti on chanber by the positive voltage, and within the plasna
production chanber a plasma ignition is triggered with the secondary

el ectrongpled: L 8h9, tRgyPLasTRqPnedEcthen ahamberr AR Blort hefknddy 2 state
that a voltage, negative with respective 15 to ground, is applied to the

pl asma I ha S i m f. I

br oduct | on Srarpar R P e P T R A o R e U R et or
substratero§@e{§gx naﬁ grbean1is irradi ated on the sem conductor substrate
whi |l e su%presglng t He™'t arge-up in the sem conductor substrate, 20 caused
by ion beamirgadiation, Were _this thod is used, th l,asma _can reliably
be i gni ted i n TRe pdSmegiher 5 or b  dhscTPBREE Abbye At HhmH oat ed

means are_not needed for the plasnma ignitigon,. Further, the jon beam

T r adt ats by SHpar Bhs . A0eboRDr BRGCE {Re o gnTEH YR TeP e 0T The

contam nation, surge voltage generation, or 9  conplicated mai ntenance.
Met al coRf@RFREtRBR Tofe AR §§ﬁﬁ§6ndﬁﬁ%%ﬁn%ﬁ%%%?%F@CP§d§r§éﬁﬁﬁﬂ§xﬁbelen1in
the fabrication of the sem conductor devices. The invention can prevent
this prodh@mn Adgsrdihgl §lashe §HAdntaon Memprordditheparivruedtd® s of the
sem conductor device, and the production yield in the stage of

manuf act ieghhgirtetBenp topdacabe el cesPC ARey cirllge &ar aRruitings

el ectrons emtted fromthe plasma production chanber can be controll ed by
appl yi ngg Roségavev Maldage the rlesns psedugeher shombate dadee dardldonduct or
10 substrate is irradiated with the ion beam By the el ectron anpunt

contlol , thee lhergd-ans Hima bpegalisonat @ sy acedls sappr essed is no

needofusingcomplicatedmeans for theplasma ignition. Further,
the ion beam irradiation apparatus does not cause the problems
of metal contamination, surge voltage generation, or
complicated maintenance.

15 According to yet another aspect of the invention, there
is provided an ion beam irradiation apparatus which is
characterized by a DC power source which is capable of selecting
one of the following operations:

a) to apply a voltage, positive with respective to ground,

20 totheplasmaproductionchamber, andtoleadsecondaryelectrons,
which are generated when the ion beam collides with the plasma
generating gas which flows out of the plasma production chamber
into a path of the ion beam, into the plasma production chamber
by the positive voltage, and to trigger a plasma ignition with

25 the secondaryelectrons led into the plasma production chamber,



to be lower, and the charge voltage of the substrate surface nay be nore
reduced. As a result, the dielectric breakdown of the sem conductor device
during the ion beamirradiation 15 is prevented to inprove the production
yield in the fabrication stage of the sem conductor device. Further, the
fabrication nmethod may al so be applied to the mcrofabrication of

sem conduct or devices. 20 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
cross sectional view showing an ion beamirradi ati on apparatus constructed
accor di ng, tind t&ﬁ@gﬁodm@ﬂ Uhamserl @nd2 is a flow chart show ng an
exanple of a nethod 1 of operating the Fig. 1 ion beamirradiation

apparat uys; ant Fbgo1d by @k £ Araehc G088 caectbonali v o shovhag an

exanpl e of a sem conduct or” devi c DESCRI PTI ON OF THE PREFERRED

EMBCDI MENT Eﬂaéna rédéEE(SibR’E’Ham‘H §1*?8¥‘4e19?c%@1t?6%‘1' {'ﬁa%uﬁ@ ion beam
i rradi at| on appar at accor |ng to t e present 1 nvention.” In the |on beam

i rradi ation -appar at us__s! 1 10.in (o C

substr at eé)( eocpcrons sem conducﬁ lraastm p%Ohd%l :ﬁrgn t&%mlﬁge 6 is

irradi ated wit n roce ions into the
Subast ot oo .sf"%iﬂ?.l@a%%?mlrfﬁa&l&&%o SRt yti‘?ﬁ P doshBiEa e
surface of 15 the substra% th the ion beam 2, either th% i on beam 2 or
The oo IE S ardy BE B LA oM e M8 i b e Mt PPadr arad- | n
t he enbodi nent, the_ion beam 2 and the substrate 4 are m)ved in X and Y
di rect i GO TR P&t FYEPYAT ATOMIGWAT ¢ HeE B Ay SR LditPEcf F BRS f BLASFBendi cul ar

to each other. O course,
production chamber after the plasma ignition. By the control

of the amount of emitted electrons, the charge-up in the

10 substrate surface is suppressed to be lower, and the charge
voltageof the substrate surfacemaybe further reduced. Moreover,
one DC power source may be used for both the plasma ignition
control and the emitted electron amount control. Therefore,
the construction is simplified and the cost is reduced when

15 comparing with the case where the power sources are used for
those controls, respectively.

According to an additional aspect of the invention, there
is provided a method of fabricating semiconductor devices by
implanting ions into semiconductor substrates by irradiating

20 the substratewithanionbeam. Themethoduses aplasma generator
which generates a plasma by ionizing a plasma generating gas
as introduced into a plasma production chamber by a radio
frequency discharge, and supplies the generated plasma to an
upstream region of the semiconductor substrate, thereby

25 suppressing the charge-up in a surface of the semiconductor



20 this does not preclude enbodi nents where the ion beam?2 is noved in ayY
direction with the substrate 4 noved in an X direction. A plasnma generatcr
10 of the radio frequency discharge type is provided to generate a plasm
16 by radi o frequency di scharge and then supply the generated plasma to an
upstream 25 region of the substrate 4. Specifically, the plasma generator
11 10 supplies the generated plasna to the region of the upstream side
and a position near the ion beam 2 scanning at the upstream side to thereby
suppres rge- rfa f . ate 4 which is irradi ated
usi ng ic%)n Sgtg%ﬁt% c%%i%prq g)frrgogrfe%%raglt iltﬁrg}%ggglaigki's introduced into a plasna
pr oduct '1%”t%ha”éf’zr‘?{c&r?%ﬁ’ét@ede%%se”? 8%9%5@&8@ 1%91%1?15@? t%eaﬁgﬁlggﬂﬁga“ ng gas
18 is ionize %y a radi o frequency grse arge-to thereby generate the plasma
16. Then,_ the plasna 16 is emtted outside of the plasma production chanber
12 t hr ofdifoe fiids 0! &M 'ssion hole 14 to neet the ion beam 2. The enitted
pl asma 16 includes electrons and ions. The pl aslma em ssion _hole 14 need not
be |inif¥d to RSitRY Beplasfad ¥ntEafen Hol'd oL PlasAd eprarLCrr y3BFf hol es
may be used as desired. For exanple, when the ion bean? is noved for

scanni ngMFhd$ shatReaechbbbRaRNtLOH bl e &4 %y reshesd 1easRadERPES) on hol es
14 may be arranged in the scanning direction X of the ion beam The plasma
em ssi ortshalre i dveip dihso rlalea@at e odpcihion &hgiberbePRE el ongated in the X
direction. A radio frequency wave is supplied froma radi o-frequency 20
power sEETHRRX Y e ldret mmtenndh Do vi ke ageh epetedicehemt EhengodePre® 24. The
RF wave may be an RF wave of approxinmately 13.56 MHz or a m crowave of

appr oxi matlel iydexs 98GHzLh ¢ p tdmnas gevkfiatanidona s twhe ate EdpWeaelit ofy haency” is
used to describe the broad concept of frequencies in the "m crowave" range.
25 The antssmrea p20 duey icakehampesuintablaepfbhm L Adendnn|hedni mgel2ed

10 into the plasma production chamber by the positive voltage,
and within the plasma production chamber a plasma ignition is
triggered with the secondary electrons led into the plasma
production chamber, and
B) then, in a state that a voltage, negative with respective

15 to ground, is applied to the plasma production chamber , a plasma
is emitted out of the plasma production chamber, and led to
an upstream region of the semiconductor substrate, whereby an
ion beam is irradiated on the semiconductor substrate while
suppressing the charge-up in the semiconductor substrate,

20 caused by ion beam irradiation.

Where this method is used, the plasma can reliably be
ignited in the plasma generator as described above, and
complicatedmeans arenot needed fortheplasmaignition. Further,
the ion beam irradiation apparatus does not cause the problems

25 of metal contamination, surge voltage generation, or



exanpl es, the antenna 20 nay take the formof a |loop and a plate el ectrode
or a bar-like formas illustrated. Alternatively for an inductively
coupling process, a coil nay be used for generating the plasna 16 instead
of the antenna 20. 5 In view of avoiding contam nation of the plasma
production chanber 12 and generation of organic materials from being
produced, a chemcally inactive gas is preferably used for the plasna
generating gas 18. Exanpl es of gases preferable for the plasna generating

gas 18 aigydinefdtdasenaffebhengases)yetsaich E8ndandhd®Ronkr Ypt ontge xenon
It is preferable to apply a nmagnetic field to the interior of the plasm

roduct i . it i iat al-ni: of the
p s%%lﬁ%ﬁ{%te%(sjgﬁsf:?%tletlhsaé%etr}l%&eﬁﬁéﬁi%ﬂ@naﬂge RRLRL aibRiRg

pl asma 16. I ment, e magnetic fleld generating device is
realize : i - il j i [ h asma
product?gi%%%hkggﬁcﬁfgﬁﬁﬁﬁgr%S%?Sggy,Tﬁgﬁg?ﬁ%ﬂ%ﬁ?§§%6ﬁgﬁ%3a§ ghgébstituted
for the pagnetic goll 26, Ahe dizectien:of 3 manetic, field deyelgped by

t he nagﬁﬁilc‘¥?EI §§ngra@iﬁd evireée s not N ted-tora Specific

directio wever,, it is preferably directed i 20 di.recti.on_in which
Lhe pl asta 6 FETEGPERE Elr S54H Phe?Pracha B SKTGHPThol € 160 Ca "Hxi
direction, as shown in Fig.. 1.). If the netic field is so directed, the
enissioﬁqﬂgqlﬂﬁuﬂ%ﬂﬁé%QE? dihre é?“ﬂﬁ§g%®§ g 96 1§&6ondary el ectrons 40
into the plasma production chanber 12 is made easier. In this enbodi ment 25
the magnetic @691 Perdeviel opd anmgietiic eficaitd orgyieRg tégeh tEopg the
direction. The inner wall of the plasma production chanber 12 and the

ant enna P2G e Predeshbry ebovbed wefh HenstAmtiorg ¢bnder 3PBOYaRE 32,
respectively as shown in the enbodinent in order 5 to suppress the netal
cont am g0 ¥9 gl threcitthehe wdlasmppoapgrator when the semiconductor

10 substrateisirradiatedwith the ionbeam.Bytheelectronamount
control, the charge-up in the substrate surface is suppressed
to be lower, and the charge voltage of the substrate surface
may be more reduced. As a result, the dielectric breakdown
of the semiconductor device during the ion beam irradiation

15 is prevented to improve the production yield in the fabrication
stage of the semiconductor device. Further, the fabrication
method may also be applied to the microfabrication of

semiconductor devices.

20
BRIEF DESCRIPTICN OF THE DRAWINGS
Fig. 1 is a cross sectional view showing an ion beam
irradiation apparatus constructed according to the present
invention;
25 Fig. 2 is a flow chart showing an example of a method
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the antenna 20. Metal contamination usually results fromthe sputtering by
the plasnma 16. The plasnma production chanber 12 is electrically insul ated
from ground (a ground potential part) by using an 10 insul ati ng nmenber 28
bei-ng i nterposed therebetween. The vacuum chanber 8 is normally set at
ground potential. ADC power source 36 is connected between the plasna
production chanber 12 and ground. To ignite the plasma 16 in the plasm
production chanber 15 12, the DC power source 36 nay be a normal DC power

source Wy chappli ﬁ%eV@|%aQ§1 P@ﬁiBééﬁ?ﬂMﬂé@i@%%RﬁP%B%% r@iQundgnho the
pl asma productlon c anber 2. This enbodi nent uses a power source cable

of Sel ecti vel \riapplyiagag poskLbve, volsage ot @ neaariae Holhageaui th

respectlve t o 'ground) sma production 20 cha he reason

for th| eﬂléje Igedscsrérnpl o‘%tcetror oﬂz ;G power source 36 may be a bi pol ar
power sourc capable app INg a p05|t|ve vol tage and a negative voltage,

or may be a conbination of a nornal DC power source of the unipolar type
and a switching circuit for inverting the output voltage 25 polarities. 14

apparatus wi | baoExomorarof, Bhedtr: Reafhiel dhdiin®e Frg 2 7" "

Process Until Plasma Ignition 5 To ignite a plasnma 16 in the plasm
generator 10, %l &sﬁﬁ éeﬁ%?E%Pﬂ@lg%%eﬂ£§W%W4Q&iqqﬂ%?Qﬂﬁ%Wﬂ“&sﬁﬁ pFoduct i on
chanmber 12 (step 50) . An ion beam 2 is generated and nade to nove for
scanni ng-9h P?éﬁ‘t ofradie it gs margenétafore AP Ll ikhokA i i §regepstep 51).
To prevent the ion beam 2, not yet neutralized, 10 frombeing irradiated on
the senildoiiict®t- substrat e 4, the substrate 4 and the holder 6 are

preferably retracted fromthe
In the ion beam irradiation apparatus shown in Fig. 1,

10 in a vacuum chamber 8, a substrate (e.g., a semiconductor

substrate) 4 held by a holder 6 is irradiated with an ion beam

2. Then, a process of implanting ions into the substrate 4 is
carried out.

In order to uniformly irradiate the entire surface of

15 the substrate 4 with the ion beam 2, either the ion beam 2 or

the substrate 4 is moved for scanning when the ion beam 2 is

irradiated. In the embodiment, the ionbeam?2 and the substrate

4 are moved in X and Y directions respectively. As shown, the

X and Y directions are perpendicular to each other. Of course,

20 this does not preclude embodiments where the ion beam 2 is moved

in a Y direction with the substrate 4 moved in an X direction.

A plasma generator 10 of the radio frequency discharge

type is provided to generate a plasma 16 by radio frequency

discharge and then supply the generated plasma to an upstreamn

25 region of the substrate 4. Specifically, the plasma generator

11



ion beam 2. The plasnma generating gas 18 as is introduced into the plasm
production chanber 12 flows out through the plasma 15 em ssion hole 14 into
a scanning path of the ion beam 2, as shown in Fig. |, and collides with
the ion beam 2. Mirre specifically, ions included in the ion beam 2 hit
atons or nolecules in the plasm generating gas 18 having flowed out. As a
result of the collision with the ion beam 2, a part of 20 the plasma
generating gas 18 is ionized and the secondary el ectrons 40 are generat ed.

Sone of {bes &t athesgenRdat Y8 BLAOND PRe &y IFCEtBE W®s e ons of
the ion beam?Z, and ledinto the ion beam 2, and sone of the secondary

el ectrong; 4Q a{&a?&@@i&%e@r the il bR 2eadhenteaseel Wstiisnis 25

that the generated secondary el ectrons 40 have a kinetic energy 15 to

oner SO0 o8 5610 THe AT RE R B et o Ehdmber gy DEre s e

secondary el ectrons. I C ou f.t ion beam 2 5 are attracted to the
pl asma pgoghg %oﬁsc g%%é%aﬁgguﬁaé?gth%gg%%?Ti%é vol tage, and part of the

secoggary el ectirons 40 are qu.into tgﬁ plasng grodugtiog chanper 12
throdgh the plashe ¥ SST6H Hot'®d 285 TH0dE EPEEPTBRE stPi] AL 135 yer

el ectrons fqr the plasma ignition. The nunber of fthe ectrons i s nmuch 10
ar ger t RERCPAGE OBl CAFBRET o HatvenPLy SJenGracsacny the. P of S beans
comng fromouter space, In this state, an RFwave is led into the plasma
product | BANERARBEE 925t hf obight PREZEAt RYNNA DAL THEE T4 B stoHt 32 %l ect r ons
40 led thereinto reliably trigger the ignition of 15 the plasnma 16 (step

54) . Thekefdreehydganeratnehase ashatife diSeRartde RispSThdl otifeeddiast i on by

the | aser light of high energy density is needed
outside of the plasma production chamber 12 through a plasma

10 emission hole 14 to meet the ion beam 2. The emitted plasma
16 includes electrons and ions.

The plasma emission hole 14 neednot be limited to a single
plasma emission hole 14, and a plurality of holes may be used
asdesired. Forexample, whentheionbeam?2 ismoved for scanning

15 as in the embodiment, a plurality of the plasma emission holes
14 may be arrandged in the scanning direction X of the ion beamn.
The plasma emission hole 14 may also take the form of a slit
being elongated in the X direction.

A radio frequency wave is supplied froma radio-frequency

20 power source 22 to the antenna 20 via an impedance matching
device24. TheRFwavemaybeanRFwaveofapproximatelyl3.56MHz
or amicrowave of approximately 2.45GHz. In the specification,
the term "radio frequency" is used to describe the broad concept
of frequencies in the "microwave" range.

25 The antenna 20 may take any suitable form. As non-limiting
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toignite the plasma. Accordingly, the problens arising fromthe di scharge
gap and the laser light irradiation are readily 20 sol ved. The neans used
for igniting the plasna can be reduced to include the DC power source 36
for applying a positive voltage to the plasnma production chamnber.
Accordingly, there is no need of using conplicated neans for the plasnma
ignition. This, of course, |leads to apparatus cost reduction. Further, the
25 ion beamirradi ati on apparatus of the present invention does 16 not

cause t@ﬁa@b@%!s?”’éhé”‘aﬂ%rﬁ{a LA mt%%iﬂii‘e f%%g@fvaphbagear&@@%?é&@n, or

conpl i cated mai nt enance. The positive voltage applied Tromthe DC power

source %getc%r‘oﬁ Bl-agmg, PLpgcts an, %@agg%s%%awaetizgfé fr?abi’#%,he 5
gener at ed "secondary el ectrons i'nto e plasma pro uc?|on chanmber 12 and
to accel.erate th ndar ctrons 90 to incregse their _en rey; The

seco el
appl | od 961 tAga RHET B8 Fur PREr -08s BFPEEES TReC SetoNaks §C P ELTrons 40 I ed
into the plasma production ch er %2 a? of.serve as trjgger electrons
unti | 1@egﬁ§PFl€ﬁegg§ P&aépaa%gréaé &f 'ﬂgdggﬁe?@§eP%@e?bor hi gher. The
reason for this is that tqQ ionize the plasna 9enerating gas 18, at | east
the ®nergy of IPid eebATRAF ISP G "o 1T  heeqt aFie PO CT bR zi ng
energy |level of atonms or nolecules of the plasma generating gas, 18.
Assuni n§PERRE Tt He? 137St IPBAF 2 heP 15 feRELGY 16f MAHE THteds 0O e PP asma
generating gas 18 is El_[eYL{h and the energy that the secondary el ectrons
40 genePaPEdCIsy t Aetlrertiotal kY dnagiti et fies iisnPbeAatr 2bhaves ¢% fEE[%‘W, t hen
the positive voltage applied to the plasma production chanber 12, that is,
t he out paesivel gager¥OLNY @Fs tlife DGppRs cSotpees Ig e ilslgpfetetadl y
sel ected so as to satisfy the followi ng relationship. In the relationship
as shownlbelewgehetaits ngngebehbm e yirngdrdr gaseBy (diobilgi agsehe, rsghlt si de of
the equation by this elenentary charge, the energy is converted into
volt@geas argon, krypton or xenon.
It ispreferable to apply amagnetic field to the interior

of the plasma production chamber 12 to facilitate the generation

and maintaining of the plasma 16. In the embodiment, the

magneticfieldgeneratingdeviceisrealizedsuchthat amagnetic

15 coil 26 is disposed around the plasma production chamber 12.

Alternatively, a permanent magnet may be substituted for the

magnetic coil 26. The direction of a magnetic field developed

by the magnetic field generating device is not limited to a

specific direction. However, it is preferably directed in a

20 direction in which the plasma 16 is emitted through the plasma

emission hole 14 (an axial direction, as shown in Fig. 1.).

If the magnetic field is so directed, the emission of the plasma

16 as well as the leading of secondary electrons 40 into the

plasma production chamber 12 ismade easier. Inthisembodiment

25 the magnetic coil 26 develops a magnetic field having such a

13



[ Formula 1] 25 17 vD > (El - E2) /e fv) The secondary el ectrons 90
having the energy E2 are further accelerated by the voltage VD to have
energy in excess of the first ionizing energy El. As a result, the
secondary 5 electrons are pulled into the plasnma production chanber 12.
Therefore, the plasma is reliably ignited. The first ionizing energy E1 of
the atons including the plasma generating gas 18 is about |6eV for argon,
about 19eV for krypton, and about |2eV for xenon. The energy E1 of the 10
secondar yiekeet saNs 40 which are kicked out as the result of the collision
i s about 8eV at the maxi num under the conditions that the ion beam2 is a

phosphor us (P%E%QQMQDQ dhe %ﬁ%m@eﬁ?ﬁﬂhbrﬂgoﬂaéhéﬁbb§ %?negrﬁ‘d

Accordingly, in this case, the output voltage VD is selected to

prefer achXe a\{n@(%mtﬂégf\farjeS ?E@gfaﬁﬁ% cc§\7ere4d Ld\ﬂthaggg%gganqulerﬂf %Qr mila 1

above. Practlca ly, e value o0 out put volta

preferab a of sone. l.arge valuges of.th | u ch_ sat sfy

formul a %M ?éasgﬁsPSFt%ﬁﬁgyfofloﬁowna}ang &iT%ﬁ%za |oﬁ§cross
secti f the ioni 20 neratln as, 18 Iectrons
s in?%apaﬁsﬁstﬁ% SSined corterBciions ?gospm%rﬂa 1?WBE Three
times as e as th flrs on|2|n%_ener gyerefoag t referable
to sel ect ?h B%Fﬁﬁt VolNe lﬁﬁt% uéﬁéﬁ 6FSthéESs E%

el ectrons 90 are around these sane values 25 b) The secondary eIectrons 90

ki cked o8PUhh8RIPHePYoRNE8P12BBAM & col Iides with the plasma generating'

gas 18 are _ . .
The plasma production chamber 12 1is electrically

insulated from ground (a ground potential part) by using an

10 insulatingmember 28 beinginterposed therebetween. Thevacuum

chamber 8 isnormally set at groundpotential. ADCpower source

36 is connected between the plasme production chamber 12 and
ground.

To ignite the plasma 16 in the plasma production chamber

15 12, the DC power source 36 may be a normal DC power source which

applies avoltage, positivewith respect toground, totheplasma

production chamber 12. This embodiment uses a DC power source

cable of selectively applying a positive voltage or a negative

voltage (with respective to ground) to the plasma production

20 chamber 12. The reason for this will be described later. The

DC power source 36 may be a bipolar power source capable of

applying a positive voltage and a negative voltage, or may be

a combination of a normal DC power source of the unipolar type

and a switching circuit for inverting the output voltage

25 polarities.
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substantially and isotopically emtted at | ow energy. As the output voltage
VD i ncreases, the anmount of secondary electrons 90 noving to the plasm
production chanber 12 nay be increased. 5 ¢c) A magnetic field, normally, is
applied to the plasma production chanber 12 as already stated. Accordingly,
when the secondary el ectrons 40 are under the nmagnetic field of sone
direction, the secondary electrons go out of an orbit by a deflection of
the magnetic field and are hardly pulled 10 into the plasm production
chanber 12. |pstlirprcaseni@hd Bkhipnes Hheltheddef |lgeddondisthessened if the
out put voltage VD is increased to a certain level of voltage to strongly
accel er gy D§r§8§99985yaﬁ§ﬁ€@§§rﬂq BQ@&#l@ri@ﬁ%@%cBﬁggﬂ%i@l@ chanmber
12. When a nagnetic field’is applied to the 15 plasm production chanber in
a directi g.the.direction in which the plasma 16 is emtted through

t he plaéﬁggg%#ggigﬁ ﬁggé 4, the secondary electrons 40 are easily brought
into thﬁ)plasna pr%d%gﬁigq %ha eki%%okhrough the plasna em ssion hole 14.
As such; 't éoﬁﬁéﬁetic fi érd°8€t s 'ta preferable 20 direction. A specific
exanple of this wll be gjven. .I.n the ex le, a flowrate of.the plasm
genetating gas°xXei'8'ted I?an%m? & w&gﬁapgg%%&e%ﬁagﬁé & A FEY 2cem a
vacuunlde%ree of the vg%uunlihanbe% 8 Ls 1.2 x 10-' Pa; . a b%§n1current of a
70keV PFSPSH 238 GRS &8 mR; L8AdIBRCeF PECPT 98T Ar RECDFC AR pt AXHRAE br oduct i on
19 chanber as viewed fromthe ion beam 2 is about 10cn2. Further, the

out put vél ta§EPVEP | s <&t 180 R {nich IERET&EEGNAR Y3 MO BRYS9BPT npi nge on
t he plasma production chanber 12, a current flow ng through the DC power
source 36an§izgodf SpEAL Uhddha RéagPFevecBedateri bed TSR dAsF1Shi s val ue
is relatively large. Thus, it is seen that when the Eositive voltage is
appl i ed1t dsthe éﬂgsnﬁ0p96@ﬁ%mtd%h%ﬁ%ﬁbéﬁBQQ?fanQFeéﬁ andwuhtabiz@@condary
electrons 40 is attracted to the glasna production chanber 12. Part of the

at thact Edosebenaar y repeéeiteds oo0tarespul rerdinater 1oubher ptasta Producti on

chanmber 12 through the plasma em ssion
substrate 4 and the holder 6 are preferably retracted from the

ion beam 2.
The plasma generating gas 18 as is introduced into the
plasma production chamber 12 flows out through the plasma
15 emission hole 14 into a scanning path of the ion beam 2, as
shown in Fig. 1, and collides with the ion beam 2. More
specifically, ions included in the ion beam 2 hit atoms or
molecules in the plasma generating gas 18 having flowed out.
As a result of the collision with the ion beam 2, a part of
20 the plasma generating gas 18 is ionized and the secondary
electrons 40 are generated. Some of the generated secondary
electrons 40 are attracted to the ions of the ion beam 2, and
led into the ion beam 2, and some of the secondary electrons
40 are kicked out of the ion beam 2. The reason for this is

25 that the generated secondary electrons 40 have a kinetic energy

15



hol e 14, and serve as trigger electrons . Therefore, the plasma is ignited
by the trigger electrons. 2) Process until the Substrate Processi ng Wen
the plasna 16 is ignited in the plasma generator 15 10 in a way as

descri bed above, the plasnma 16 is naturally emtted through the plasma

em ssion hole 14 into the vacuum chanber 8 by the pressure difference or
other factors (step 55) . The emtted plasma 16 spreads and is supplied to
a region near the upstream part of the sem conductor substrate 9 and a
regi on 2 neate tdwyrnaemn. beam 2 novi ng for scanning thereat. The fact that
the plasma 16 is emtted through the plasma em ssion hole 14 neans that
both el ectronsy@nthiiOnsindy, e weidnt tegho stha venvilied gel eet bpps ivar mebky have

| ow energy. At this tine, the output voltage polarities of the DC power

source Ihape powdn¥ented 3ndoaxnobladea fegald veonchBnbesPELts¥ept 0
ground, 20 is applied to the plasma production chanber 12 (step 56)

Then, the Outyl MQIEREE WR1ek B8 sDEoPRYELe SOME S SR IALLS H BeBHCh @

direction as to pull out "electrons fromthe plasma production chanber 12.

Accogdi ngly., Nt ofh ehacthans, e iied f rampthe -plague ggperator 10
ed. ARV of

may be contro re exactly anount emtted el ectrons nmay be

cont 1ol L f: adiyisti g, a val pe.of ke, o put, ¥l ade YD and Jhe pol ari ti es

t her eof . e sem<cdndu ubstrate 4 1's processe y irradrating it

ith the | 2, th I 16.1 | i to th icinit f th
rgn beaﬁf%Pgﬁgﬁ?ﬁgesggﬁggﬁdﬁg? ¢ ﬁ%ét?@@@b%£q¥%%ﬁf%%%%§gﬁéﬁgﬂéﬁxﬁﬁe plgsna
16 are atLrac;edkfﬁ_tgg S strati S Eface havi&g geen %si ivgl§ char ged by
the ion S H 60 and netRTalS 28 TR Sp8SFVPVE SHadFEr FhECEFBErons are

al so caught the ion,beam 2 forumng a. beam._pl.asnma, and 15 nove toward the
S conditt 5% HSEFa IGETHOR he BB FASn AT by S ST 107 Mo

sem conduct or subst%ate 4 émhen it is chgiged). Ther. ef or e, the.ehectrons
neut ! al it2& ST PORITPAVE ikt ger Ut PREVEBDSY PERET 2 TRA&N tHePposifitGe char ge

on the iyrface | ayer is neutralized, the attraction of electrons to the
eams coming from outer space.

In this state, anRFwave 1s led into the plasma production
chamber 12 through the antenna 20. Then, the secondary
electrons 40 led thereinto reliably trigger the ignition of

15 the plasma 16 (step 54).

Therefore, neither the use of the discharge gap nor the
radiation by the laser light of high energy density is needed
to ignite the plasma. Accordingly, the problems arising from
the discharge gap and the laser light irradiation are readily

20 solved. The means used for igniting the plasma can be reduced
to include the DC power source 36 for applying a positive voltage
to the plasma production chamber. Accordingly, there is no
need of using complicatedmeans for the plasma ignition. This,
cf course, leads to apparatus cost reduction. Further, the

25 1on beam irradiation apparatus of the present invention does
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20 sem conductor substrate 9 automatically stops. In this way, the
charge-up on the substrate surface by the ion beamirradiation is
suppressed (step 57). In this case, an amobunt of the emtted el ectrons
supplied to the sem conductor substrate 4 may be appropriately controlled
25 by applying the negative voltage fromthe DC power to the plasma 21
production chanber 12. By the control of the emtted el ectron anmount, the
charge-up on the substrate surface is suppressed to be |ower. Further, the

charge- uptvekhagetRE Hh6o SebStd AR t3Ur kaee aiBYiabe oal, seuredugettage To carry
out the control of both the plasma ignition and the emtted el ectron

amount, 4PEPAYRHLNSOWLCeINFRY chee8eRakatehynpEOVi ded. For exanple, a DC
power source for applying the positive voltage to the plasma production

chanmber 12 a”?h@”%%@%”ci@@ RBYRL GSOULEE; Ear £2BR ¥thD&hﬁ0\Q§9a§&>M§c%{O| tage to

. ; i£8
the sane. 10 In this embodi ment,” one DC power source 3 6 Is used for
control '3'6”9&@%@ %Pssﬁ%ﬁ%wﬁéﬁ %a%?&éﬁtﬂzo'%uigﬁ%% g%‘)gﬂﬁloﬁhé’m tted
el ectrons. "Therefore, e construction 1S sinplitied and the cost is
reduced when conparing w.th the, case P using %he epar at e ﬁc ower sources
for 1hoS8 GORLFS S tBMd SHEELRERG P CRECPOIAITLT 8L~ ot PRI Bt bol  age
out put fromthe ower sour elég:a$ﬁéthe magni t ude. of the E§ vol t age may
o Cont FOPIER Ty 2 FontrbI A e THES THEE of ST Hones Bior A6° i B8 provi ded
wi thin the vacuum chanmber 8 so as to Igcate i close,if the_i on beam 2 .
The pl adR&TEG 5GerrdCdttoClfdy Yal s BedBPovEdedowr BfnY 4l ¢ ubGI AFTEBRE ai ner
which is inserted into the vacuum chanber 8. Either way, the plasm
product P68 cChi&fer T2e $eqrecerive A1aFHaeR ft%d §F ohR it ot@ Bi AgBat he
vol tage as nentioned above is applied to it. A method of fabricating
seni con@UELHCtdOV €88mBOTak? sHomR t25eF e Y.t 1t WeTaf L P6R PRSI WAt At i on
process based on the ion _ ‘
10 their energy is at a predetermined energy level or higher. The
reason for this is that to ionize the plasma generating gas
18, at least the energy of the secondary electrons 40 must be
at the first ionizing energy level of atoms or molecules of
the plasma generating gas 18. Assuming that the first ionizing
15 energy of the atoms of the plasma generating gas 18 is E1 [eV],
and the energy that the secondary electrons 40 generated by
their collision with the ion beam 2 have is E2[eV], then the
positive voltage applied to the plasma production chamber 12,
that is, the output voltage VD[{V] of the DC power source 36,
20 1s preferably selected so as to satisfy the following
relationship. In the relationship as shown below, "e" is an
elementary charge. By dividing the right side of the equation

by this elementary charge, the energy is converted into voltage.

[Formula 1]
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22 irradiation, will now be described. An FET (field effect transistor) ,
nore exactly a MOSFET (MOS field effect transistor) is exenplified for the
sem conduct or device 60. To fabricate such a sem conductor device 60, a
sem conductor substrate (e. g., 5 silicon substrate) is used for the

sem conductor substrate 4. A gate oxide film 62 and an el enent-separating
oxjde filme64 are fornmed in predeterm ned regions of the substrate surface.
An el ectrode 66 is formed on the surface of the gate oxide film®62. 10 Ion
beans 2 are irjadi ahed_opot he seffconductor substrate 4 thus fornmed to

i npl ant a dopant i1on (e.g., boron, phosphorus, arsenic) into the substrate.

Two impurity dopeddayers $8 pec{Ieth i fab sy SYnLagrereg 0po0k e

sem conductor substrate 4 "and on both sides of "the gate ectrode 66 and

the gat efuqxﬂl'%er %i%c%ille'}]aQ%'d % Sta}in Brlitpa%e ng:f% b%égagl?grgé?\,ﬁ e&:@%cs)g' type

when boron 1s doped as the -on, “an p en p phorus or
arsenic is.inplanted.. I n_a _case wherg, the sem conduct substrate 4 is of
the n & yiio R (AR SuREr TG o SRGF Hadthy Fo% M 6oL i TG FEyCHaBEY | ayers
68 of th type. QOne of..the .inmpurit 0 doped l.ayers 68. functions as a
Source. SHF IR MU LEhAA T PRSI 25 TE BASAIGT PEGFETTPE S Ofed as t he
sem congyctor_device 60. In a case where the sem conductor substrate 4 is
of the §¥F§Tﬁﬁoﬁf¢ﬂ ﬁlﬁﬁﬁﬁWﬂwﬁ§SHQ&Hﬁ§&ybﬁgP6?ﬁng the inpurity doped

| ayers 68 of the p type, One of the inpurity doped |layers 68 25 functions
as a source, amf £HESGt hePlasny PR EFnGs, thm Pms dnCHaielY MBFET i s
formed as the sem conductor device 60. Actually, a nunber of sem conductor
devi ces POG FHuY NG ctiie dagr 4 8f 6Fndaovh IRV i ac@egirbrust LERE

sem conductor substrate 4. 5 For manufacturing such sem conductor devices
60 by tHOUKNYP AR 0mN6F a9QEy AReVoRCK r¥aEPat | dh predeesy, Blhef the

10 secondary electrons 40 which are kicked out as the result of
the collision is about 8eV at the maximum under the conditions
that the ion beam 2 is a phosphorus (P+) ion beam and the plasma
generating gas 18 is xenon. Accordingly, in this case, the
output voltage VD is selected to be preferably 4V or higher

15 since 12 - 8 = 4 [V] as taught by the formula 1 above.

Practically, thevalueof theoutputvoltageVDis selected
to preferably be any of some large values of those values which
satisfy formula 1. The reason for this follows.

a) Generally, ionizationcrosssectionof theionizing

20 of the plasma generating gas 18 by the electrons is maximized
when the energy of electrons is approximately two to three times
as large as the first ionizing energy El1. Therefore, it is
preferable to select the output voltage VD so that the energy
of the secondary electrons 40 are around these same values.

25 b) The secondary electrons 40 kicked out when the ion
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above-nenti oned charge-up suppressing technique is applied to the plasma
generator 10. This will be described again in brief (see also Fig. 1). 10
Specifically, in a first step, an ion beam2 is generated. In this state, a
positive voltage with respect to ground is applied fromthe DC power source
36 to ground. Secondary electrons 40 are then generated when a pl asna
generating gas 18, flow ng out of the plasma production chanber 12 to the
15 scanning path of the ion beam 2, collides with the ion beam 2. The

gener at edcaacondaiy) 18R r QRSH40: 8¢ € 1ot 9o 8La P A§TEy P odyction chanber
12 by the positive voltage, wherein the generated secondary el ectrons 40

trigger Enﬁsitgﬂittiiaqugfgnﬁ ﬂf@é@ié@l%ﬂ%nﬂlt%%@agrpwgﬂef}g} dhaﬂQeEh 2. 20 In

a second step, a negative voltage w respective to gr is applied from
the DC p - i r,.12, - | asma 16
i's enittgg@g8?0%§ff%igBﬁgéﬁg§%$%§§ggﬁgaggﬁgh%g$f%gggﬁgag p%T?%gmﬁgga region
near the sem conductpr substrate 9. Ln this n_ion beamis 2

' radi at 40 DR TR Cent 6 SHACioP TS ABSE PaPa I 2 Qb pPEs S 5T ¢ he
charge-up in the senjconductor substrate 4 ich results fromthe ion beam
rradtat on VAGr o th STHTROUC £ IR0Hr i B8INEHG Pl ASe it 41 ThbHS be
ignited in thedglqﬁna generat r 10_as nti oned above. 5 Further,
conpl i caPédSHeansCFechber 4 of théFIcESasSEgRFt ol CRRFEMRI DT e, the
ion beamirradi ati on apparatus does not cause the groblens of netal

cont am n¥PEBNER8UF GeONBR f BgR! et | th 216 VEERpI eS8t BAJREE AFchimed. Met al
contam nation of the sem conductor substrate is a seriousﬁproblen]in t he

f abri cat PdnSa0e 011 5% tohd Ui s egevicsey. eThetravent? ottt prev@mttthis

probl em Accordingly, the invention inproves both the performance of the
sen condByt 8r d@é¥pegscasohelheagagpetic field and are hardly pulled

10 into the plasma production chamber 12. In this case, an
influence of the deflection is lessened if the output voltage
VD is increased to a certain level of voltage to strongly
accelerate the secondary electrons 40 toward the plasma
production chamber 12. When a magnetic field is applied to the
15 plasma production chamber in a direction along the direction
in which the plasma 16 is emitted through the plasma emission
hole 14, the secondary electrons 40 are easily brought into
the plasma production chamber 12 through the plasma emission
hole 14. As such, the magnetic field acts in a preferable

20 direction.
A specific example of thiswill be given. 1In the example,
a flowrate of theplasma generating gas Xel8 led into the plasma
production chamber 12 is 0.2ccm; a vacuum degree of the vacuum
chamber 8 is 1.2 x 107™° Pa; a beam current of a 70keV P' ion

25 beam is 1lmA; and an effective area of the plasma production
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production yield during manufacturing of the sem conductor devices. 15
Addi tionally, the anmount of electrons emtted fromthe plasnma production
chanber 12 can be controlled by applying a negative voltage to the plasna
generator 12 when the sem conductor substrate 9 is irradiated with the ion
beam 2. By controlling the electron anount, the charge-up on the 20
substrate surface is suppressed, and the charge voltage of the substrate
surface may be further reduced. As a result, the dielectric breakdown of

the sem eoanfbéet Qfs dexieq Eitdn RE et Nen beanbean kpbadi Bddon, | Fuptevent ed,
whi ch i nproves the production yield during the fabrication stage of the

seni con éeﬁtﬁéﬂdﬁ%tég%ﬁ%ﬁgs@%&ﬂ?@@.OMHHﬂ%H%§QEBE§5E9%1@%H¥&%S
sem conduct or devi ce, t he charge-up voltage of the Substrate surface

at the tj ggmggaég%ﬁ Rk grita%ﬁdaf;%eéﬂ(j;féﬁi%% belivat 13, p&l’:ﬁ?{:&ﬁ'c faL%.\/\lli?l\r%( das

possible I n r to prevent el'ectric breakdown of a sem conduct or
devi ce. The fabri.cat] t hod of t i ti i bl e.5 ti
such & rBbeT VORGSO GSPE MG S of Abr FEALF oF Nt HBT ey aPe8 Be. app i ed
to tge_ i crof abri catic(l;)n of serxlj c.oany t.or .de%/(i%ﬁegi Ai seen fromthe _

f or egoi NeF HestrT PtiYH: tHe pr edbnt Venvent oS hak YReY fotd Twi ng "WEri t or i ous

effects.. 10, An anbunt of secondary el ectrons, which is high enouygh to

rel i abl y*F ght t¥¥ ¢ het Pt Gafe™ n’&ﬁﬁ b%oﬁjet&‘f%tv %ttl?eqepllfsr?ﬁ)p&l%édu%ﬁ gtﬁechanber.
Accordingly, a plasma may reliably be ignited in the plasm production
chanber Pirtns n%ﬁfWGﬁ%ﬁv&ﬁﬁé{@@&u&Zy R 197525 PREURbnORoSRCORREEH 15 i s
originally present for the processing of the substrate, for generating
secondar$L @F eEeR AL afR Fhr ek eC teet pe RdfeSTiagRr PFBA T 1 PReC MMt Itay be
ignited by the utilization of the ion beam and apEIying a positive voltage
to the pﬁ%@gfp%"QRﬁHQqQﬁ@qﬂ@&hﬁgpopdary electrons 40 are pulled into

10 the plasma production chamber 12 through the plasma emission
hole 14, and serve as trigger electrons. Therefore, the plasma
is ignited by the trigger electrons.

2) Process until the Substrate Proéessing
When the plasma 16 is ignited in the plasma generator

15 10 in away as described above, theplasma 16 isnaturallyemitted
through the plasma emission hole 14 into the vacuum chamber
8 by the pressure difference or other factors (step 55). The
emitted plasma 16 spreads and is supplied to a region near the
upstream part of the semiconductor substrate 4 and a region

20 near the ion beam 2 moving for scanning thereat.

The fact that the plasma 16 is emitted through the plasma
emission hole 14 means that bothelectrons and ions are emitted.
The emitted electrons normally have low energy. At this time,
the output voltage polarities of the DC power source 36 are

25 inverted and a voltage, negative with respective to ground,

20



Accordingly, the plasma igniting operation is very sinple, and 20
conplicated neans is not needed for the plasma ignition. Further, the

i nventi on does not cause the problens of netal contam nation, surge voltage
generation, or conplicated maintenance. Also in the invention, the DC power
source controls not 25 only the plasma ignition operation as nentioned
above, but also 26 the anobunt of electrons emtted fromthe plasm
production chanber after the plasma ignition. By controlling the anmount of

em tted £l gphnens td R G YPobfct NEn TURSiyAt €2 S(lértfegﬁ%)i S SyRpressed,
and the charge voltage of the substrate surface 5 may be further reduced.

Nbreoverthé’%%t?%%aﬁje)éf”\ﬁ? JRY nREpHSEdwE P sHRF Bt 518 pliasTE, Ighition

control and the enmtte ectron anount control. Tﬁerefore, t he

construct B?@eic%.i%n@%ioéd\éggl?%tt Q?e%‘@%niasfﬂgﬂ%ﬁ%dprgé’qﬁa SURAING W th the

i
case where miltiple sources are requir or ose controls” 10
Where thi.s th is ysed, .the plasma can reliably be ignited.in the plasnma
gener at o‘?r,la% d ggﬁpl i‘g%‘f%]adﬁ%%h%’ ?genaor?ounne% ch St %Pééﬁ%difgﬁ}lmti on.
Further, the.ion beamirradi ati on ar at us .does t cause the probl ens of
ot b o b ae R h, ShySte HEALALES1 198 sty e
mai nt enance. Thenetal, 15 contani nati on of the senLﬁonq%\((:tor, substrate is a

BhdEdt

serious PrOHPeM T FHE FRGSSATOT BEYthe SehtE FeH eI Fhe

i nvention can prevent this problem Accordingly,the invention inproves the
per f or maftEse of° &t Hé & et [FBHd &2 We Vit @R artd & kO Lardddesi dheyie@id in the
stage of manufacturing the sem conductor 20 devices. Additionally, the
anount of el edthPhs BRI t3EE FFEMITRE pFadar pFdddctiDnPERGRBERICAY be
controll ed by applying a negative voltage to the plasma generator when the
sem conduef 1 bbRY rig & it theadpatkaPmid/h thigePil 8AMBehn I By Udlpd i€d%ect ron 25

amount control, the charge-up in the substrate surface is 27
10 tothevicinity of the ionbeam 2 and the semiconductor substrate

4., Then, electrons in the plasma 16 are attracted to the

substrate surface having been positively charged by the ion

irradiation, and neutralize the positive charge. The electrons

are also caught by the ion beam 2 forming a beam plasma, and

15 move toward the semiconductor substrate 4 in the beam plasma

by a potential of the semiconductor substrate 4 (when it is

charged) . Therefore, the electrons neutralize the positive

chargeof the substrate. Whenthepositivechargeonthe surface

layer is neutralized, the attraction of electrons to the

20 semiconductor substrate 4 automatically stops. In this way,

the charge-up on the substrate surface by the ion beam
irradiation is suppressed (step 57).

In this case, an amount of the emitted electrons supplied

tothe semiconductor substrate dmaybe appropriatelycontrollied

25 Dby applying the negative voltage from the DC power to the plasma
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suppressed, and the charge voltage of the substrate surface may be further
reduced. As a result, the dielectric breakdown of the sem conductor device
during the ion beamirradiation is prevented to inprove the production
yield in the fabrication 5 stage of the sem conductor device. Further, the
fabrication nmethod may al so be applied to the mcrofabricaticn of

sem conduct or devi ces. 28 VWHAT IS CLAIMED IS: 1. An ion beamirradi ation
apparatus for irradiating an ion beamon a substrate conprising: 5 a vacuum

chanmber §o5q9epesatdgusecandary eh£cldang Wagnthbee of beam«qldddes with
an ion generating gas therein; and a plasma generator connected to the

vacuum chagher, e lasia.gengr abar hpckudi oo, Arsadi . iraguanap. i scharge

gener at or or generati requency dil scharge, an I on nerating gas

i nt roduc ry | o] i he,i.o rati i t he

gener at oft Hnd AEC Dot tesuEos Esnget B Y Bk The e s hNe ator and

the ground, - 15 mheregn t?e Dccﬁgye source applies a positive voltage to
r°So  that” The

t he plas%%ig%%%r%?% condary electrons are led into the
pl as generator, when the secondary electrons ar enerated in the vacuum
chan‘ggr, and tﬁ% G d Ys BEENHAT v &é’%ﬁTB@?O%Q Pgﬁ?{“?ohg]ﬂt’rjgﬁ%ra,ndi gnite a
pl asma inhthe_plas 20 generator when the radi o frequency di scharge
gener at of ?ﬁ?PﬁﬁﬁﬁgglﬁcF B FMEGu ekt P AWTEoS PRECF AR R FER5E2ted Y The i on
beamirradi ati on apparatus according to claim11, wherein the DC power
source pPrERYHE_%an r gyl each @g BPVEReSSBESRIAPY EPEA oS the appl yi ng

a positive voltage V
positive voltage to the plasma production chamber 12 and another

DC power source for applying the negative voltage to the same.
10 Inthis embodiment, one DC power source 36 isused for controlling
both the plasma i1gniting operation and the amount of emitted
electrons. Therefore, the construction is simplified and the
cost isreducedwhencomparingwith thecaseofusing the separate
DC power sources for those controls.
15 The switching of the polarities of the DC voltage output
from the DC power source 36 and the magnitude of the DC voltage
may be controlled by a control unit 38.
The plasma generator 10 may be provided within the vacuum
chamber 8 so as to locate it close to the ionbeam 2. The plasma
20 generatormay alsobeprovidedwithina tubular container, which
is inserted into the vacuum chamber 8. Either way, the plasma
production chamber 12 is electrically insulated from ground
since the voltage as mentioned above is applied to it.
Amethod of fabricating semiconductor devices 60 as shown

25 in Fig. 3 by an 1lon implantation process based on the ion
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29 to the plasma generator, and the positive voltage defined by a first
ionizing energy E1 of an atomor a nolecule included in the plasna
generating gas and an energy E2 of each of the secondary el ectrons
satisfies a function: 5V > (El - E2 ) /e [V] 3. The ion beamirradiation
apparatus according to claim1, wherein the DC power source controls an
anount of electrons in the plasma by switching to apply a negative voltage
10 to the plasma generator, after secondary electrons ignite the plasm. 4.
A et hod. of L Nng. an,i i i,af kon p tys. risd t he

st eps ofl:P]i%g?%?éllﬁ)bl y?%é gﬁ%%%ﬂ%%%?%%é t%g)a?%?agr%ré%ggﬁeeraeo%% by a DC
power source wh

Sﬁcondarvaem%%%‘f%ﬁﬂ‘?ﬂﬁl%”?%ic vtaaéﬂé%é?%ie?‘ﬂﬁsoff‘%’f%ﬁ"ﬁ%% %Eaiaﬁ%bs)ctﬁ'éﬁﬁgi "by
iti 20 vol. , . i .
col 1 or® GRS che Daa e F T QIR GESREE B g4 W EH 3" | own out

of the plasma generator into the vacuum chanber by the positive voltage; 25
(c) igni%Wﬁ@aéQﬂkﬁﬂﬁQQEFqq@ﬁ%é%%ﬁ@aﬁys%mé%?Q@H%t%%Sébégrat?r$hdbw of an
ignition, when a radio frequency generator introduces a radio frequency;

(d) Prrad bifey IS TG Yedmh BHC@ Kubdheasenigagdperosupprsirte He pl asma
to the substrate for 5 suppressing a charge-up of the substrate while

i rradi ath rip theoplds rfd 1on f2hendudBt ¢ beleen 57 s giher aet he o Hicdoridi iy & cl ai m
4, further conprising the step of: 10 ( f ) switching to apply a negative
vol t age ave thenpddmpyedetatningy ndw DG pdwehesolrsier dtor scorftarasl.l i ng an
anount of the plasma while irradiating the ion beamon the substrate. 15 6.
A net hodhwofeliarpliadd g 1o rimetdoon Fenistorddyuet of Wubgtkat@xbye drilimon beam
irradiation for fabricating a sem conductor device, the nmethod conpri sing
the steps2of: (a) applying a positive voltage to a plasma generator by a DC
power source when the ion beamtravels in a vacuum 20 chanber; (b) | eading
secandary el ectsobsamstdatbe mlaaking: egeor riateos e £ oom dhet vacubmtatzanber by
the positive voltage, the secondary el ectrons being generated by a
collisiohthus formed to implant a dopant ion (e.g., boron, phosphorus,

arsenic) into the substrate. Two impurity doped layers 68 are
formed in the surface region of the semiconductor substrate
4 and on both sides of the gate electrode 66 and the gate oxide
15 film 62. The impurity doped layer 68 is of the p-type when
boron isdopedas the dopant ion, andof then-typewhenphosphorus
or arsenic is implanted. In a case where the semiconductor
substrate 4 is of then type, a p/n junction is formed by forming
the impurity doped layers 68 of the p type. One of the impurity
20 doped layers 68 functions as a source, and the other as a drain.
Thus, a p-channel MOSFET is formed as the semiconductor device
60. In a case where the semiconductor substrate 4 is of the
P type, a p/n junction is formed by forming the impurity doped
layers 68 of the p type. One of the impurity doped layers 68

25 functions as a source, and the other as a drain. Thus, an
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of the ion beamw th the plasma generating gas which is 25 flown out of the
pl asma generator into the vacuum chanber 31 by the positive voltage; and
(c) igniting a plasma by the secondary electrons as a trigger of an
ignition when a radio frequency generator introduces a radio frequency in
the plasma generator. 5 irradiating the ion beamon the sem conductor
substrate; and (d) supplying the plasma on the sem conductor substrate for
suppressing a charge up of the sem conductor substrate while the plasna is

i rradi atedomfde $egFEenduCcEQindl subshkatkeni3@nductor device
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or complicated maintenance. Metal contamination of the

semiconductor substrate is a serious problem in the fabrication

10 of semiconductor devices. The invention can prevent this
problem. Accordingly, the invention improves both the
performance of the semiconductor devices as well as the
production yield during manufacturing of the semiconductor
devices.

15 Additionally, the amount of electrons emitted from the
plasma producticn chamber 12 can be controlled by applying a
negative voltage to the plasma generator 12 when the
semiconductor substrate 4 is i1rradiated with the ion beam 2.
By controlling the electron amount, the charge-up on the

20 substrate surface is suppressed, and the charge voltage of the
substrate surface may be further reduced. As a result, the
dielectric breakdown of the semiconductor device during the
ionbeamirradiationisprevented, which improves theproduction
yield during the fabrication stage of the semiconductor device.

25 Withprogress of microfabrication of the semiconductor device,
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1oved (kﬁg%tction chamber. Accordingly, a plasma may reliably be
ignited in the plasma production chamber.
The invention advantageouslyutilizes the ionbeam, which
15 is originally present for the processing of the substrate, for
generating secondary electrons and in turn the plasma ignition.
The plasma may be ignited by the utilization of the ion beam
andapplyingapositivevoltage totheplasmaproduction chamber.
Accordingly, the plasma igniting operation is very simple, and
20 complicated means is not needed for the plasma ignition.
Further, the invention does not cause the problems of metal
contamination, surge voltage generation, or complicated
maintenance.

Also in the invention, the DC power source controls not

25 only the plasma ignition operation as mentioned above, but also
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where multiple power sources are required for those controls.

10 Where this method is used, the plasma can reliably be
ignited in the plasma generator, and complicated means is not
needed fortheplasmaignition. Further, theionbeamirradiation
apparatus does not cause the problems of metal contamination,
surge voltage generation, orcomplicatedmaintenance. Themetal

15 contamination of the semiconductor substrate is a serious
problem in the fabrication of the semiconductor devices. The
inventioncanprevent thisproblem. Accordingly, theinvention
improves the performances of the semiconductor device, and the
productionyieldinthe stageofmanufacturing the semiconductor

20 devices.

Additionally, the amount of electrons emitted from the
plasma production chamber can be controlled by applying a
negative voltage to the plasma generator when the semiconductor

substrate is irradiated with the ion beam. By the electron

25 amount control, the charge-up in the substrate surface is
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a radio frequency discharge denerator for generating a

10 frequency discharge;

an ion generating gas introducer for introducing the ion
generating gas into the plasma generator; and

a DC power source connected between the plasma generator
and the ground,

15 wherein the DC power source applies a positive voltage
to the plasma generator so that the secondary electrons are
led into the plasma generator, when the secondary electrons
are generated in the vacuum chamber, and the led secondary
electrons, as an ignition trigger, ignite a plasma in the plasma

20 generator when the radio frequency discharge generator

introduces a radio frequency into the vacuum chamber.
2. The ion beam irradiation apparatus according to

claim 1, wherein the DC power source provides an energy to each

25 of the secondary electrons by applying a positive voltage V
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claim 1, wherein the DC power source controls an amount of

electrons in the plasma by switching to apply a negative voltage
10 to the plasma generator, after secondary electrons ignite the

plasma.

4. A method of operating an lon beam irradiation
apparatus comprising the steps of:
15 (a) applying a positive voltage to a plasma generator
by a DC power source when the ion beam travels in
a vacuum chamber;
(b) leading secondary electrons into the plasma
generator from the vacuum chamber by the positive
20 voltage, the secondary electrons being generated
by a collision of the ion beam with the plasma
generating gas which is flown out of the plasma
generator into the vacuum chamber by the positive
voltage;

25 (c) 1igniting a plasma by the secondary electrons as a
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(e} supplying the plasma to the substrate for

5 suppressing a charge-up of the substrate while

irradiating the plasma on the substrate.

5. The method according toclaim4, further comprising
the step of:
10 (f) switching to apply a negative voltage to the plasma
generator by the DC power source for controlling
an amount of the plasma while irradiating the ion

beam on the substrate.

15 6. A method of implanting ions into a semiconductor
substrate by an ion beam irradiation for fabricating a
semiconductor device, the method comprising the steps of:

(a) applying a positive voltage to a plasma generator
by a DC power source when the ion beam travels in a vacuum

20 chamber;

(b) leading secondary electrons into the plasma
generator fromthe vacuumchamber by thepositivevoltage,
the secondary electrons being generated by a collision
of the ion beam with the plasma generating gas which is

25 flown out of the plasma generator into the vacuum chamber
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(d) supplying theplasmaonthe semiconductor substrate
for suppressing achargeupof the semiconductor substrate
while the plasma is irradiated on the semiconductor

10 substrate.
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