17 OCT 2005 | ON BEAM | RRADI ATI ON APPARATUS AND METHOD OF | GNI TI NG A PLASMA
FOR THE SAME BACKGROUND OF THE I NVENTION 5 1. FIELD OF THE | NVENTI ON The
present invention relates to an ion beamirradiation apparatus fbt0&aillying
out a process of inplanting ions into a substrate by irradiating the
substrate with an ion beam and a nethod of operating the ion beam
irradiation apparatus. 10 The invention also relates to a nethod of

manuf acturi ng sem conductor devices by inplanting ion beans into a

sem conductor substrate in a manner that the substrate is irradiated with
an i on beam andOoBEAYaTRRANIATIIVN GPPARAS USH GINDs WHIHESS iRy t he
accunul ati vely charging (charge-up) in the 15 surface of the substrate when
it is irradiated wth tleerlitTanGc beamasa DESCRHETISANFOF THE RELATED ART when
manuf act uri ng sem conduct or devices by ion 20 inplantation, it is inportant

to suppress the charge- uppokcrdenD sobsti@at ensttace when it is irradi ated
with an ion beam A charge-up suppressing techni que has been proposed in

the related art. In the proposed technique, plasma generated by a plasma
generator is supplied to an upstreamregion of the substrate. 25 El ectrons

contai ned in tthe pl asmp Areqweeg for neutralizing 1 17 OCT 2005

The present invention relates to an ion beam irradiation
apparatus for carrying out a process of implanting ions into
a substrate by irradiating the substrate with an ion beam, and

a ﬁethod of operatihg the ion beam irradiation apparatus.
10 The invention also relates to a method of manufacturing
semiconductor devices by 1mplanting ion beams into a
semiconductor substrate in a manner that the substrate 1is
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

beamn.

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 has beenproposedintherelated
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



the positive charge of the substrate produced by the ion beam irradiation.
The proposed techni que supplies electrons of |lower energy to the imfftr te,
when conpared with the technique of utilizing primary el ectrons bt t 24
fromafil anentorsecondary 5 electrons emtted froman object when the
object is irradiated wth the primary electrons emtted fromthe filanment.
Accordingly, the proposed techni que has an advantage of reducing the
negative charge in the substrate. A plasma generator of a radi o frequency

di SPhar@E‘e l%%ti]% ic%a‘i%%"‘@f"‘@h%hs&ﬁ@@fﬂ@}@ocﬂﬁ@é&‘%;?%ﬂe?% | ParUSi NG
radi o requency discharge, a plasnma generating gas that is led into a
pl asma .pr.oduct.ion c . Thi : 1 . ge r 1S vant ageous
over tH%ﬁ)é%ﬁ%f%%hgﬁgggkgﬁg%%gg¥§§é8&ﬁ%§$ﬁﬁié?QﬁﬁgE?PP%%ﬁfgygg t he
di scharge in the follown oints: a) the 1 l has a long lifetinme, and
D) Tt 1SS 81 & TE AT S prBESFETBRRE EALE CRE- LRCOURTARt RN a
process chanber can be maintained while the plasnma is being generated. One
of the Yridbi%mI PRVBRVER [oF tHRNDrashhegdrerat 6 Larent g $adPedeF équency
(RF% di scharge type which utilizes radio 20 frequency discharging for the
| asma I#il o RN itdsiddé s onman (s g5t tayhani OkorECtThE praadba gefer at or of
p
the RF discharge type usually includes an electrode (capacitively
coupl i ngdth etdne, amiamrennalecsroascoehiticrductireal ytbeupf i hgyeh br
introducing a radio 25 frequency wave into a plasma production chanber.
Usual | Wca@iingly, theproposedtechniquehas anadvantageof reducing
the negative charge in the substrate.
A plasma generator of a radio frequency discharge type
10 is known which generates a plasma by ionizing, using radio
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 radio 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.qg., anantenna,

or a coil {(inductively coupling) for introducing a radio

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



17 OCT 2005 magnetic field for generating a plasma and naintaining the
generated plasma is applied into the plasnma producti on chanber. IHTt[mlsmﬂs
case, toignite a plasma, at |east one electron nust exist within't

pl asma production chanber. The el ectron, 5 accel eratedbyahigh

RFel ectricfield, hits anatonoranolecule O to ionize them Then, the
electrons emtted as a result of the ionization successively ionize other
atons or nol ecules. Thus, a plasma is suddenly generated at a certain tine

point, or _in,.ather r | as is ignited. 1t is.general] onsi der ed
t hat th%agp?gtlcel écetl\rg(c))r]lf%%s g%ﬁfeoraaut{:r% i ’gg%}%m% \%Bi‘} al?l%r?’ﬁﬁ-n@xetﬁlgey particle
beans com n from outer he nunb ectrons that

space. i oni ze as. T er.of el

i gh- endPB5 " BAP PRI T Mo AR GUtRa by HTT PLAGTE BAROTSE Rl "AIRA T or ¢ han
t he nunber of therm ons (usually, several md) 15 emitted by the filanent,
for exanple. PecorHf fASE’ it° LN IES £ BUREMEo FRliSDIY IHhiVE T s by
merely introducing an RF wave into the plasma production chanber. To
rel i abl upgrisies awiRb L5 bBaw ladiea PElABWIHPMERABES T - aF ke eélsicdy@ i n t he
related art. 20 1) A discharge gap is fornmed in the plasma production
charber acpehiegh tedltvage 1ios Rippl eetr acrfosd &, Hel gapnted cwaws e e L edislghar ge, and
in turn, the discharge generates a great nunber of electrons. 2) Laser
| i ght ofohighi emerhgpgm déheint,ythe ¢ hecodoneemitioed as a result of the

ionization successively ionize other atoms or molecules. Thus,

a plasma is suddenly generated at a certain time point, or in

other words, a plasma 1s ignited.

10 It is generally considered that the first electron is
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 1s 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



25 the plasma production chanber. Aplasma is ignited by thermally 3 17 OCT
2005 ionizing a plasma generating gas using direct laser light. In fﬁ%hﬁﬁ
1) above, at |east one discharge gap el ectrode having an exposed met la ]b 1
must be provided within the plasma production chanber. Further, a high

vol tage source for applying 5 a high voltage to the el ectrode nust also be
provided. As a result, the device used for nethod 1) has conpl ex
construction which increases its costs. After the plasma ignition, the

di scharge ggp electgode i s exposed to the.glaﬁna agd sgutt?reg Then, the
sput t erst T Pat 7 6T LR (FRRAf S pAPYi Efes ) teach thet stBRtFatsd This results
in nmetal contam nation of the substrate. Further, the discharge causes a

surge vol t agetl MBEEOFdE hdiRP VR hére P& SE Hath§ers AF9% AEPstr e VBFEage

adversely affects conponents of the device, such as for exanple, the 15
cont rolhafei¢ &8 orPP Vs targe it |ans F it Beam feeadi Htidirhcappafieus. Met hod
2) requires a laser light source and a laser light transm ssion w ndow for
i nt r oduzi ot 1 e ehambght. Bafthed, fa bhvhtved tagsesoh i ghtf csoappéyingo t he
pl asma production chanber. 20 Again, like in nmethod 1), the device used for
met hod 2)hikdgs vaclomplexta dinst ralctd tom dghimcis i rdrseades piroy icest.s. Aknaaddi ti on,
mat eri al deposited during the plasma generation accunul atively attaches to
t he | asegsllitghtthe device used for method 1) has complex construction
which increases its costs.
After the plasma ignition, the discharge gap electrode
is exposed to the plasma and sputtered. Then, the sputtered
10 particles (metal particles) reach the substrate. This results
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 1ight, the plasma ignition becomes



transm ssion wi ndow. If the anount of the deposited material 25 grows to
interrupt the laser light, the plasma ignition becones 4 17 OCT 20q3
inpossible. In this case, maintenance is frequently carried out to !dl&ailfhe
depositedmaterial, which canbe cone cunber sonme. SUVMMARY OF THE | NVENTI ON 5
Accordingly, a principal object of the present invention is to provide a
nmet hod and apparatus which are capable of reliably and sinply igniting a
plasma without creating problems such as netal contamination, in a plasna

generat qr of t.he RF _ di.scharge dyRe fo he subst ch pressi on
2 10 MERCSHEE Tbdvh. TRce o ﬂg%aol%%%ﬁ%%%%cf #ra% oSIFLLCRt T Ruant i on,
n1|rrad|at|on appar at us.

there i rov ded t hod. of operat.i ng i.on
In the GRETER PGS RSORO P e QOB Brd Lo 1 gt £ D SPHe Bh SERa"Sener at of
the ion bean1trave|s beside or in the 15 vicinity of the plasna generator,
and in this state a voltage, positive with respective to ground, is applied
to the plasma production chanmber. Further, secondary electrons, which are
gener at ed when the ion beéHMMGRV|@ééTﬂﬁtHNNﬁ€T6p§Sna generating gas which
flows out of the plasnma production chanmber into a 20 path of the ion beam
are bed into Pesoplddsyed Yor aductiorecchaiiect oy thweppesenitvenvehtage, and in
the plasnma production chanber a plasma ignition is triggered with the
secondariys &b pcorvans a hetho dtod diep prasun whrotiuctd oapebhapiver reliably
and simply igniting a plasma without creating problems such
as metal contamination, in a plasma generator of the RF
discharge type for the substrate charge-up suppression as
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 1s ignited
in the plasma generator, the ion beam travels beside or in the
15 wvicinity 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 beamcollides with the plasma generating
gas which flows out of the plasma production chamber into a
20 path of the ion beam, 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.

Intheoperatingmethod, anamount of secondaryelectrons,

25 which 1s high enough to reliably ignite the plasma, may be led



In the operating nethod, an anmount of secondary electrons, 25 which is high
enough to reliably ignite the plasma, may be led 5 17 OCT 7095 into tﬁ@ 005
pl asma production chanber. Accordingly, a plasma may be reliably igHi éozgn
t he pl asma producti on chanber. The operating net hod advant ageously
utilizestheion beam which is originally present for the processing of the
substrate, 5 for generating secondary electrons and in turn, the plasm
ignition. The plasna may be ignited by the utilization of the 1ion beam and

by appl Xin@%, 9?%25% CI% %&S{%HDVPJ& i 49 h@%kflrgﬁ%icgl?@gg;ﬁg,ggl ;gﬂ%&?§

! d may
Accor di ngl ignition opera , and cdﬁpllcated
nmeans are not .needed far %pe 1qi | asna i gniti n..Furthr t he operating
net hod 8e§eh6?%§éh§§n%W? dfbb%%nﬁlﬁﬁﬁgﬁgpééﬁﬁ%%%ﬁé%qﬁﬁrSurge vol t age
generation, _or conplicated gaint nance. Accordinq.to ot her aspect of the
Prvention,  t REFERE B hd BEATZH 1O bLainT T RUCAE Lt S5pnat ARSI ch 15 15
characterized by a DC power source which applies a voltage, positive with
respect e Chol YPEhAdN atld YtieS PEAS AR Ipr RIBEPFBA S L EA&hER S Saihd i¥édds secondary
el ectrons, which are generated when the ion beamcollides with the plasm
gene? at ifRg g amHtdmy f3ovEndULY oflepbrprasaddpipdietinon isamiéstiant o a path
of the 20 ion beam into the plasm production chanber by the positive
vol t age lgand iomi.ggeesp aaphasnay ighiitdrortad bly the setobhdaryonededthreons | ed
into the plasma production chanber, in the plasm
ion beam and by applying a positive voltage to the plasma
production chamber. Accordingly, theplasma ignition operation
is very simple, and complicated means are not needed for the
10 plasma ignition. Further, the operating method does not rcause
the problems of metal contamination, surge voltage generation,
or complicated maintenance.
According to another aspect of the invention, there is
provided an ion 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



production chanmber. In the ion beamirradi ati on apparatus, an anount of 25
secondary el ectrons, which is high enough to reliably ignite 6 17 OCT 2005
the plasma, may be led into the plasm production chanber. Accordi hgl0§T 2605
plasma may reliably be ignited in the plasma production chanber. The ion
beamirradi ati on apparatus advantageously 5 utilizes the ion beam which is
originally present for the processing ofthesubstrate,forgenerating
secondaryel ectrons and in turn, the plasma ignition. Means additionally

df [ gn ti th : I . Lyi
used. T Terd LRG| RE,PLESTR. A1 ANl £ . ROICL. SOULECAROL SRRLYING 2
i i,s.no_, need _of using

pl asma igniting operation is very sinple d ther
Sonpl i cAetP HHHE Y or™ the> iasHaYi Bt (1oAY Por tABE L h8 FBR Beam
irradi ati on apparatus does not cause the problens of netal contam nation,
surge vati {;QRH%H?TFEror conpl i cated mai ntenance. 15 According to yet
anot her aspect of the invention, there 1is provided an ion beamirradiation
appar at us i c S a ri = rc able o
tus whi di'§ s 1o8haP&éfler i E89p¢ taODC pBREF 2§88 ceIWAREAIRPSUEAPabl e of
selecting one of the followi ng operations: a) to apply a voltage, positive
W t h3r esplelctiass tohgrbandbeap) wé ithe isl ammies Praobuct Poasehanber, thad to | ead
secondary el ectrons, which are generated when the ion beamcollides with
t he pl asgmocessingof the substrate, for generating secondaryelectrons
and in turn, the plasma ignition. Means additionally used for
igniting the plasma are only a DC power source for applying
apositivevoltage totheplasmaproductionchamber. Accordingly,
10 the plasma igniting operation is very simple, and there 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 1irradiation apparatus which 1is
characterized by a DC power scurce which is capable of selecting
one of the following operations:
a) to apply a voltage, positive with respective to ground,
20 totheplasmaproductionchamber, and toleadsecondaryelectrons,
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,



generating gas which flows out of the plasma production chanber into a path
of the ion beam into the plasma production chanber by the positiﬁﬁ
voltage, and to trigger a plasna ignition with 25 the secondary el OF b AYS
led into the plasma production chanber, 17 OCT 2005 in the plasnma production
chanber, and b) to apply a voltage, negative with respective to ground, to
the pl asnma production chanber, thereby controlling an anmount of electrons
emtted fromthe plasma production chanber. 5 In the ion beamirradiation

apparatyg,t%gﬁgfxggggﬁgogggégsnb§$Q%%8L§ no only the plasma igniting

operation as ntion So"an amount of electrons emtted from
the plasma production ch gber after_the plasma ignition., By the control of
t he an@ﬂht ofb%ﬁﬁgpéaaeY8@ ?8ﬁ$,n?%%tb%%ﬁ@éﬁhﬁqsﬁ%fﬁﬁ“fbt?u%ﬁ??%@é sur f ace
is suppressed to be | ower, and ghe charge voltage of the substrate surface
maybe ft? tRErP T &R 8 C WS esVer NamBRE BE TSRt CSBEF 2L HRY Be2NLBA f or bot h
the plasma ignition control and the emtted el ectron anount control.
Ther ef 0? &, el ¢flerenserieEpOnTramsE APl PpeH2 anBOERE €88t ChamPeBuced when 15
conparing with the case where the power sources are used for those
control s, respethievalybeAnciorth digp tiomaraddbtiiondihabpestveasf sehecenvent i on,
there 1is provided a nethod of fabricating sem conductor devices by
i mpl ant cogtrohs naot ersenmtdonductsara sybstriagespbyaitipadhat hagt 20nede
substrat ewi t hani onbeam The nethod uses a plasnma generator which generates
a pl asnebdye ) anitzengoaapl asmen gerferdtcngogasemitted from the plasma
production chamber after the plasma ignition. By the control
of the amount of emitted electrons, the charge-up 1in the
10 substrate surface 1s suppressed to be lower, and the charge
voltageofthesubstratesurfacemaybe 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 thesubstratewithanionbeam. Themethodusesaplasmagenerator
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



as introduced into a plasma production chanber by a radio frequency

di scharge, and supplies the generated plasma to an upstreamregion qf TQ@E
sem conductor substrate, thereby 25 suppressing the charge-up in a ; #?a

of the sem conductor 8 17 OCT 2005 substrate caused by ion beamirradiation.
In the sem conductor device fabricating nethod, the following steps are
executed: A) the ion beamis generated in the plasma generator, and 5 in
this state a voltage, positive with respective to ground, is applied to the
pl asma producti on chanber, and secondary el ectrons, which are generated when
t he i onSHEEM a¢6! IG2HES Wittvh 1t J5138s net 'Geheér@tGthg gas which flows out of the
pl asma production chanber into a path of the ion beam are led 10 into the
pl asma pPRoEue t5 h chadipet o by a e pdsittihia Ligld agéhodanahai it P hed pl asna
production chanber a plasma ignition is triggered with the secondary

el ect roasepedairgt e@xeleaitgldasma producti on chanber, and B) then, in a state
that a voltage, negative wth respective 15 to ground, is appl ied to the
pl asma phoducthenichanben jsagephasanedi Snethé trelch owd ofnd heet gt asmed
production chanber, and led to an upstreamregion of the sem conduct or
subsiratig, twher ebytana vonthgam psSsitiadialed orspder seal confhunirod, substrate

whil e suppressing the charge-up in the sem conductor substrate, 20 caused
by ion bheampbnhadi & @he plasma production chamber, and
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 ion beam, are led
10 into the plasma producticnn chamber by the positive voltage,
and within the plasma production chamber a plasma ignition is
triggered with the secondary electrons led into the ﬁlasma
production chamber, and
B) then, in a state that a voltage, negative with respective
15 toground, is applied to the plasmaproduction chamber , aplasma
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
complicatedmeansarenot needed fortheplasmaignition. Further,

the ion beam irradiation apparatus does not cause the problems

25 of metal contamination, surge voltage generation, or



VWhere this nethod is used, the plasma can reliably be ignited in the plasma
generator as descri bed above, and conplicated neansarenot needed qu $nqgm
plasma ignition. Further, the ion beamirradi ati on apparatus does not ¢ e
the problens 25 of netal contam nation, surge voltage generation, or 9 17
OCT 2005 conplicated mai ntenance. Metal contam nation of the sem conductor
substrate is a serious problemin the fabrication of the sem conductor

devi ces. The invention can prevent this problem Accordingly, the invention
i nproves the.perfqgrmances 5 of the i_conduct or devjce, and_the production
yiold i fOTREEaEage OfF HANTTECTTr i nb TR et BORBUAT of Slevidhs. TNe

Addi tional |y, an amount of electrons emtted fromth | asma production
chamber SERACHBILGRDF o Rt By SRl Y FAG A1 S A ] Vo L DR GEDF 0 BREOH asmm
generator when the sem conductor 10 substrate is irradiated with the ion
beam Byt Hee el et ¢RAEHRRNtITONE? D , Thhe RA GO uS AN PERY SSitbSttdt e sur f ace
is suppressed to be lower, and the charge voltage of the substrate surface
may be Bbpelerduckecordinagtesdhe 1nWen gl @l égprpyebridakdenh o rapnckes

sem conductor device during the ion beamirradiation 15 is prevented to

i nprioveof hehprosuctémiugtel dénithe dabrircapirodiuctiage yafe ltcha nsémeconduct or
device. Further, the fabrication nethod may al so be applied to the

m cr of abthgat b6nmafiufsetmiednducher sdevicoaduc20r devices.

Additionally, an amount of electrons emitted from the

plasma production chamber can be controlled by applying a
negative voltage to the plasma generator when the semiconductor

10 substrate isirradiatedwiththe ionbeam. By the electron amount
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
BRIEEF DESCRIPTION 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

10



BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a cross sectional view show ng
an ion beam irradiation apparatus constructed according to the presgqm1¥m5
invention; 25 Fig. 2 is a flow chart showi ng an exanple of a nmethod 10 1

OCT 1005 of operating the Fig. 1 ion beamirradi ation apparatus; and Fig.
3 is an enlarged, cross sectional view show ng an exanple of a

sem conduct or device. 5 DESCRI PTION OF THE PREFERRED EMBODI MENTS Fig. 1 is a
sectional view show ng an enbodi nent of an ion beamirradiation apparatus
according to th re ?ﬂt |nv%nt| n_the § geanllrradl t|on appar at us
shown i ¥ Eeff gl\gacuum 8Haﬁ%8%n l‘éfa t3ubStratRidrgt; A"
seniconductor sub trate Eeld by a holder 6.is rradlated with an ion

beam 2. ThenF& prodds&Rofm ﬁﬁﬁ&ﬁ%lﬁﬁoﬁénEthf8nﬁ eVSEHstParend #8 carried
out. In order. to unlforn1y irradiate the entire surface of 15 the substrate
4 with TR dam SeeiEMmFueHer i $dVbedm 2 or  the substrate 4 i s noved
for scanning when the ion beam2 is irradiated. In the enbodinent, the ion
beam 2 and the substrate 4 are noved in X and Y directions respectively. As
shown, the X and Y directions are perpendicular to each other. O course,
20 this does not PEECRU@E IeNbOdi MEilt PRAMEREEChEMBOD IDEANRS2 i s noved

Fig. 1 is a sectional view showing an embodiment of an
ion beam irradiation apparatus according to the present
invention.

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 upstrean

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

11



inayYdrection wwth the substrate 4 noved in an X direction. A plasma
generator 10 of the radio frequency discharge type is provided to OETErRINS @
pl asma 16 by radi o frequency discharge and then supply the generated pl asma
to an upstream 25 region of the substrate 4. Specifically, the plasm
generator 11 | ~ V 2005 10 supplies the generated plasma to the region of
the upstream side and a position near the ion beam 2 scanning at the
upstream side to therebysuppress a clharge-upona surface of the substrate

4 which js _irradiat usi ng_ion m2. .5 | asma ge tin as_18 is

i r oduckd SHed s 2pERenie Mo b Tt SR B PO E T Re Bsehes BeRatat or 10.
The pl asna enerating .gas 18 is ionized by a radio frequency discharge to
Lher oby GeifePRre” ERE piZenBC6, CrheR™ T FET i S6FA™ 1891 4F GHirt ed: Toatsl de of

t he plasma production chanber 12 through a plasma 10 em ssion hole 11, to
meet t heSiGhtDEARTEL YIHEP RIS F 8F 5 LRGP 28 & 51t (A3 0816 & F oRSt BABSi ons. The
pl asma e m ssion hole l1l4need not be |imted to a single plasm em ssion

hol e 1114 vdhidcta it uraldadia ofd ho$ B89 ey beeaigedl asdesired. Forexanpl e, when
the ionhean is noved for scanning 15 as in the enbodinment, a plurality of
t he pl asma enisgilestiroloeserk4 imay dee afr aagedt Faduhedstahni agobaseeti on X of
the ion beam The plasna em ssion hole 14 may al so take the formof a slit
bei ng elmpnygated ém dlenbedirZecti ahe pladme feequehocy WaveThs slppnaed from a
radi o-frequency
generating gas 18 is ionized by a radio frequency discharge
totherebygeneratetheplasmal6. Then, theplasmaléisemitted
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 toasingle
plasma emission hole 14, and a plurality of holes may be used
asdesired. Forexample, whentheionbeam2 ismovedforscanning
15 as in the embodiment, a plurality of the plasma emission holes
14 may be arranged in the scanning direction X of the ion beam.
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 from a 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 20may take any suitable form. As non—-limiting
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20 power source 22 to the antenna 20 via an inpedance matching device24 .
The RF wave maybe anRF wave of approxinmately 13 .56MHz or a m crowave of
approximately 2. 4 SGHz. In the specifiication, the term" radiol7(CT 2005
frequency” is used to describe the broad concept of frequencies in the

"m crowave" range. 25 The antenna 20 may take any -suitable form As
non-limting 12 17 OCT 2005 exanples, the antenna 20 may take the formof a
| oop and a plate electrode or a bar-like formas illustrated.

Al ternativel an_i nduc a _coil may_pe used for

y, for %'vel coupl.i ng process
gener AT E T pltdSna 187 st S bF <LRe- ML 8Afas 5G: LEOPI VA éw bF avoi di ng
contam nation of the %Iasna praoduction,  chanber 12 anP %eneration of organic
mat er i §'LITRADEAIG PFroduddd TOE TRt LAPP YT FRGEL T Vol REE st PR eYerabl y used
for the plasnma generating gas 18. Exanples of gases preferable for the
pl asma fgeherating Gasvaby afeupheny BESESSEnobl e0gaseay besyedd 10ras argon,
krypton or xenon. It is preferable to apply a magnetic field to the interior
of the gsirasred prooduet i phashanberingteadfati theatrteheageherati on and
mai ntai ning of the plasma 16. In the enbodi ment, the magnetic field
genérati ng dewi ceew s frzad i ¢eng soalt athiat ta omeghéehee IEsmeopro@6e t sodi sposed
around the plasma production chanber 12. Alternatively, a permnent magnet
may be rbsddd ut 2dahar ddieramigeto € c6oghn26. mBhe rdialectimsm ofe angagneti c
field devel oped by the magnetic field generating device is not limted to a
produced, a chemically inactive gas is preferably used for the
plasma generating gas 18. Examples of gases preferable for the
plasma generating gas 18 are inert gases (noble gases), such
10 as argon, krypton or xenon.
It ispreferable to apply amagnetic field to the interior
of theplasma production chamber 12 to facilitate thegeneration
and maintaining of the plasma 16. In the embodiment, the
magnetic fieldgeneratingdeviceisrealizedsuchthat 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
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specific direction. However, it is preferably directed in a 20 direction in
which the plasma 16 is emtted through the plasma em ssion hole 147%%P2M5
axial direction, as shown in Fig. 1.). If the nagnetic field is so
directed, the em ssion of the plasna 16 as well|l as the |eading of secondary
el ectrons 40 into the plasma production chanber 12 is nmade easier. In this
enbodi nent 25 the magnetic coil 26 develops a magnetic field having such a
13 17 OCT 2005 direction. The inner wall of the plasnma production chamnber
12 and the antenna 20 are preferably covered with insulating nenbers 30 and
32, respEkigdtei3f as shown in the enbodiment in order 5 tosuppress the netal
contam nation fromthe inner wall 12 and the antenna 20. Metal contam nation
usual |y resul t’he rigmethe’a lShwtft ghieng lbpmehprplasiaonschinbepl agmangr oduct i on
chanber 12 is electrically insulated fromground (a ground potential part)
by usi ngclan ant@nines @l0as k age nefdex @Bp e meemvidasednstihetenhgenaeenrs The
vacuum chanber 8 is nornally set at ground potential. P. DC power source 36

i s connexd ethdetweer:dhecpl asmp ps oshuetn ohn chiaebetbd2iaedt ghounderTo ignite
the plasma 16 in the plasma production chanber 15 12, the DC power source

36 may besaugiord®md (DG RRWEN seuteRiwiitGhn apphi €scaivobt 38,1 poskhive Wi th
respect to ground, to the plasnma production chanber 12. This enbodi nent
uses a DG PAMIrSOUNGE Metal contamination usually results from the
sputtering by the plasma 16.
The plasma production chamber 12 1is electrically
insulated from ground (a ground potential part) by using an
10 insulatingmember 28 being interposed therebetween. The vacuum
chamber 8 is normally set at groundpotential. ADCpower source
36 1s connected between the plasmé 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
appliesavoltage, positivewithrespect 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.

14



cable of selectively applying a positive voltage or a negative voltage

(W th respective to ground) to the plasma production 20 chanber ;BE
reason for this will be described later. The DC power source 36 naQ TJME
bi pol ar power source capable of applying a positive voltage and a negative
vol tage, or may be a conbination of a nornmal DC power source of the

uni polar type and a switching circuit for inverting the output voltage 25
polarities. 14 17 OCT 2005 As a non- Iiniting exanpl e, a nmethod of operating
the ion beam,irradi ati.on ahparatus , wi | me klexCFrrp%larllétdescrlbed with

reference to #rg 27 1) B CégSXGWP|e'p? it ToR" *%gﬂﬁﬁ?fé”h pl asma
16 in the plasm erat or _ ieneratin s 18 s into the
ol asna. BroRuct] SeSharberPPaD: (Dt B 0pe RPTON booh s 14 Geeratst and made
to nove faor scannlng‘ln front of the pl asma generator 10 as shown in Fig.
1 (stepr8ifrentg pPeVéft £he i on beam 2, not yet neutralized, 10 from bei ng
irradi ated on the sem conductor substrate 4, the substrate 4 and the hol der
6 are ptefBrabkysrEntadt @datpemliohe tiodn beam 2. The pl asma generating gas
18 as is introduced into the plasma production chanber 12 flows cut through
the plasma  1Bodmrsision thbdend4 6 hh dhee stasne raprpatdtof 10hea pdrsbeam 2, as
showmn in Fig. 1, and collides with the ion beam 2. Mre
generating gas 18 is led into the plasma production chamber
12 (step 50). An ion beam 2 1s generated and made to move for
scanning in front of the plasma generator 10 as shown in Fig.
1 (step 51). To prevent the ion beam 2, not yet neutralized,
10 from being irradiated on the semiconductor substrate 4, the
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 cut through the plasma
15 emission hole 14 into a scanning path of the ion beam 2, as
shown 1in 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 1is 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
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specifically, ions included in the ion beam?2 hit atons or nolecules in the
pl asma generating gas 18 having flowed out. As a result of the coll"ﬁizrom!i
with the ion beam 2, a part of 20 the plasm generating gas 18 is ﬂ ntze

and the secondary electrons 40 are generated. Sone of the generated
secondary electrons 40 are attracted to the ions of the ion beam 2, and

led into the ion beam 2, and sone of the secondary electrons 40 are kicked
out of the ion beam 2. The reason for this is 25 that the generated

seconda lectr 0 have a kinetic energy 15 17 OCT 2005 to sone degree.
At thisE¥iﬁgﬁgwﬁgﬁ%gépositive voltage is applied from the DC power source

36 to the plaigatgrodgction hanmber 1% g%tego 32%, theasegpnq§rlx§lectrons
40 kicked out’bf Fthe FofiChedRF? 58 BPE&LFadfed S e PPasiiis ﬁ?odﬁction
chanmber 12 under the ositive voltage, and part. of %he secondary el ectrons
40 are &S HPHth%O%ﬂP%%ﬁé b?&&l?c??gﬁmér%ﬁfgﬂctllzoﬁﬁ GG ﬁ% b‘i%li%ﬁ?ra
em ssion hole 14. Those el ectrons serve as trigger electrons for the plasm
i gni tioA2) ThEhAuRBepPneRrihelerEEPrensdOi s1aHeR 20T | af gt tiam Rt of
el ectrons naturally generated by the particle beans conmng from outer
space. Rhet AFsrecaed, tantRF phavea ericgddtiog hemslegsig pirstictlitoth  chanber
12 through the antenna 20. Then, the secondary electrons 40 led thereinto
reliabl positgyer vbh&aggni ehdnpaft d5 tihe deaembiadd Ist@prday .40 are
led into the plasma production chamber 12 through the plasma
emission hole 14. Those electrons serve as trigger electrons
for the plasma ignition. The number of the electrons is much
10 larger thanthatofelectronsnaturallygeneratedbytheparticle
beams coming from outer space.
In this state, an RFwave is led into theplasma 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 applyingapositive voltage
to the plasma production chamber. Accordingly, there is no
need of using complicatedmeans for the plasma ignition. This,

of course, leads to apparatus cost reduction. Further, the

25 ion beam irradiation apparatus of the present invention does
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Therefore, neither the use of the discharge gap nor the radiation by the

| aser |ight of high energy density is needed to ignite the pl asna.
Accordingly, the problens arising from the discharge gap and the | akske8CT 2005
light irradiation are readily 20 solved. The means used for igniting the

pl asma can be reduced to include the DC power source 36 for applying a
positive voltage to the plasma production chanber. Accordingly, there is no
need of using conplicated neans for the plasma ignition. This, of course,

| eads to apparatus cost reduction. Further, the 25 ion beam.irradiation
appar at 08 ToPAPRE BPESRRPOT RUEHT | IF ks T 17 TOEE 008 Het® ¢AUdE dhe
problems of netal contam nation, surge voltage generation, or conplicated
mai nt en4REET SFHETpoSitt IGPERIIEAGE FFHNEd ¥ Sm t he DC power source 36 to

t he plasma production chanber 12 functions to pull the 5 generated
secondary el eéhroR9 s46 1ivigt Fotlhia g5 agwd 1scodder Ghec REnBeer2 sawd G

accel erate the secondary electrons 40 to increase their energy. The applied
vol t age3wi Eb bhefmiebher pdedert bed. clThebsecbhdaryctel @t rionp U0l Itéa: i nto t he
pl asma production chanber 12 do not serve as trigger electrons until 10
thei¥ enengyaitedatsea oproedst erlriated rendrlgyi iteveheop Laisglae pr otiue t ireason f or
this is that to ionize the plasma generating gas 18, at |east the energy of
t he secendaby reliectaronst Ak dqaste betec athbéheefbha8brioblzingoasengy devel of

atons or nol ecules of the plasma generating gas 18. Assuming that the first
IoONl Zl Ndncrease their energy. The applied voltage will be further
described. The secondary electrons 40 led intc the plasma
production chamber 12 do not serve as trigger electrons until
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 is 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 elementarycharge, the energy is converted into voltage.

[Formula 1]

25
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15 energy of the atons of the plasma generating gas 18 is El [eV]J, and the
energy that the secondary el ectrons 40 generated by their collision with
the ion beam 2 have is E2[eVJ, then the positive voltage applied tb7 {6k 2005
pl asma production chanber 12, that is, the output voltage VD[V] of the DC
power source 36, 20 is preferably selected so as to satisfy the follow ng
relationship. In the relationship as shown below, "e" is an elenentary
charge. By dividing the right side of the equation by this elenentary
charge, the energy is converted into voltage. [Formula 1] 25 17 17 OCT 7005
VD ? (El - E2YD/e (B -THe2)sé€ondléty el ectrons 40 having the energy E2 are
further accelerated by the voltage VD to have energy in excess of the first
i oni zi ng ener §yeEFeCAREda rveHaCtaHES st ohdat§I5tBFPe SR afe g ed into

t he plasma production chanber 12. Therefore, the plasma is reliably

i gni tedfuTheefiastel endzedd endregyoklagk Yhaeabtews enekddi hy axdwespl asma
generating gas 18 is about 16eV for argon, about 14eV  for krypton, and
about 12éVthéof i xenoionThéngnengygfl Edf thwe &l eseddndarhe elegctradrsy 40 whi ch
are kicked out as the result of the collision is about 8eV at the maxi num

undegs tbeeceondhki ans plihatdt he thor hize@Madmias pa oplesfAker Uhdrfe)r i1on. beam and
the plasna generating gas 18 is xenon. Accordingly, in this case, the
Therefore, the plasma is reliably ignited.

The first ionizing energy El of the atoms including the
plasma generating gas 18 is about 16eV for argon, about 14eV
for krypton, and about 12eV for xenon. The energy El of 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, ionizationcrosssectionoftheionizing

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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out put voltage VD is selected to be preferably 4V or higher

15 since 12 - 8

=4 [V] as taught by the fornula 1 above. Practically, the val ue of ?Bg
output voltage VD is selected to preferably be any of sone |arge vé Elﬁﬁ
t hose values which satisfy fornula 1. The reason for this follows. a)

General ly, ionization cross section oftheionizing 20 of the

pl asma

generating gas 18 by the electrons is maximzed when the energy of

el ectrons is approximately two to three times as large as the first

ionizingvgﬁer%y El . Therefore, it is greferable to sel ect the output
504t h

atlthécanetgy” &0 he!

vol t age

SBBNdHTL et et ¥ 0rfe 401 8r %7 ound

t hese sane val ues. 25 b) The secondary el ectrons 40 ki cked out when the ion

18 17 OSHPEIGEbiedlm » 2¢¢l Lisgéopwicert Livhem bt he e gerdt ahied§ Ygashrig g e

substantially and isotopically emtted at | ow energy. As the

out put vol tage

VD i ncr eadexsit vheé tageun? lofc recprmlatyectevinttord s40onder e tacttmnpl asma
production chanber 12 nmay be increased. 5 c) A magnetic field, normally, is
appl i ed 4tombhengpt asme pi odnetp odlwchairerhiRbas h? meadypestratsthseAtcor di ngl vy,

when the secondary el ectrons 40 are under the nmagnetic field

of sone

direstion, the)seconrdatsgeleatid onse po, onbrmd 1 By, 06 Bi tapphy el def l1eed i on of
the magnetic field and are hardly pulled 10 into the plasma production

chanber ghZ s plrbioscase, cBAmbkrf | ziencel ebatihesdefbect imirdsqiepsgned if the
output voltage VD is increased to a certain |level of voltage to strongly

when the secondary electrons 40 are under the magnetic field

of some direction, the secondary electrons go out of an orbit

by a deflection of the magnetic 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.

Aspecificexample of thiswill begiven. In the example,

a flow rate of the plasma 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 1077 Pa; a beam current of a 70keV P* ion

25 Dbeam is 1mA; and an effective area of the plasma production
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accel erate the secondary electrons 40 toward the plasnma production chanmber
12. Wen a magnetic field is applied to the 15 plasnma production chfﬂﬂgt ME
a direction along the direction in which the plasma 16 is emtted é
the plasnma em ssion hole 14, the secondary el ectrons 40 are easily brought
into the plasma production chanber 12 through the plasma em ssion hole 14.
As such, the magnetic field acts in a preferable 20 direction. Aspecific
exanple of this will be given. In the exanple, a flowrate of the plasna

generat i as Xel8 led.into e plasm r.oduction, ch er.12.s 0.2ccm a
vacuun1&gggggro?sﬁﬁéﬂv3%5ﬁﬁ¥1%E% (3}% aﬁsgffbgéofg-%gﬁﬁgpa 1%%%9%5?rent of a

70keV P __ion 25 beamis ImA;, and effective area of, the plasma production
19 17 OERZ008 KhanbrIad [Vt B7ed 1'r B t hd IBh Boant 277E “AblRC 700N,
Further, the output voltage VD is set at 10V. Wien the secondary el ectrons
40 i mpi AGe- N OB AR BF BARCEHIT [IPANDRATEST 1/ clFHERE D VG WY t hr ough
the DC power source 36 is about 5CpA under the above 5 descri bed
condi ti ahsoughi sheablepbwerekatireel y6| asgeboThusOUA | tndar sden dlate when t he
positive voltage is applied to the plasma production chanber 12, a great
anount ofessedbrdarpndeltéectison§h46@ ivslaet tactetatovehg phagem phoducti on .
chanber 12. Part of the attracted secondary electrons 40 are pulled into 10
t he pl asiraipr edeat itba tchamper: hE2 cdsriduigte tved t gesnies eaprskien tdotles 14, and
serve as trigger electrons. Therefore, the plasna
plasma production chamber 12, a great amount of secondary
electrons 40 is attracted to the plasma production chamber 12.
Part of the attracted secondary 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 Processing
- When the plasma 16 1is ignited in the plasma generator
15 10 inaway 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,
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isignited by the trigger electrons. 2) Process until the Substrate
Processing Wien the plasna 16 is ignited in the plasm generator ﬁﬁ @OHMQ a
way as descri bed above, the plasma 16 is naturally emtted throug

pl asma em ssion hole 14 into the vacuum chanber 8 by the pressure
difference or other factors (step 55). The emtted plasna 16 spreads and is
supplied to a region near the upstreampart of the sem conductor substrate
4 and a region 20 near the ion bean12 noving for scanning thereat. The fact
that the plasma 16 is emtted through the plasm __em ssiaon hol e 14 nmeans

t hat bothsépééﬂﬁﬁhEOéﬁﬂfPbﬁ%m%PéQ§HQQ%RPCh%%%eéﬂﬁiféﬂe%ﬁéﬁtroﬁgeﬁornalIy
have | ow energy. At this tine, the output voltage polarltles of the DC
power sotlreeo BB AF evobt #f9eYP edlf dHte P& FItHege S NEGR: iAfe afitEh 1Respebti ve t o
ground, 20 17 OCT 1005 is applied to the plasnma production chanber 12 (step
56) Them ditree toudipat volouddeo WD afe ¢theorDCIpoweths plrecma3pradtstinnsuch a
direction as to pull out electrons fromthe plasma production chanber 12.
Accor di nghymbéhe 2anoufRtcot dehegdtyr, onse enbtihéd ff edbarbrbhe quliasmsd geaer at or 10
may be controlled. Mdre exactly, the amount of emtted el ectrons nay be

cont rsol | e iyl Bt asfd g ovaluaadf b é oot Puiew ol dMrge ¥Raamd vt henpol arities
t hereof. When the sem conductor substrate 4 is processed by irradiating it

W th theazhonmnbeam gni t Hed R BsdBr dibs irfa ¢ HRePldoed rold 4 tiyhegyligikahty s0f the
ion beam 2 and the sem conductor substrate
value of the output voltage VD and the polarities thereof.
| When the semiconductor substrate 4 1s processed by
irradiating it with the ion beam 2, the plasma 16 is supplied
10 tothevicinityof theionbeam?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. Whenthepositivechargeonthesurface
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

to the semiconductor substrate 4 maybe appropriatelycontrolled

25 Dby applying the negative voltage from the DC power to the plasma



4. Then, electrons in the plasna 16 are attracted to the substrate surface
havi ng been positively charged by the ion irradiation, and neutrahquHtﬂ
positive charge - The electrons are al so caught by the i on beam 2 formi g
beam pl asma, and 15 nove toward the sem conductor substrate 4 in the beam
plasma by a potential of the sem conductor substrate 4 (when it is
charged). Therefore, the electrons neutralize the positive charge of the
substrate . \Wen the positive charge on the surface |layer is neutralized,

the at Lhaghian of LGEHORS 18, Uit icgrtdeﬁt%m:ﬁg@é&r { & fron
ica Y,

aut ona y stops. charge-up on the su strate surface by
the ion_beam rad atlon .S _su resse p n,this ase n anount
of theagﬁppfed élec 6As g&p%ﬁlgg ghggégnlcon ﬁ%t%? % %84 maybe
approprla ely contr ve volta e frontthe DC
power t-Q ¥BV§§na9§ft§?rOCgh 6§QE9% t @a %@gth% Tontrol of

t he enttted el ectron anount, the charge up on the substrate surface is
suppr eSsEd 25 M5 RFnetL SQQH%Qﬂﬁe the charge-up voltage of the substrate
surface may be al so reduced. 5 To carry out the control of both the plasm
i gnttion andTotGarésii@tledhd eentar lapdbupl th DO HoREENSoUTRES I ARy MR
separately provided. For exanple, a DC power source for applying the
posi ti E&event hgedteol ater @i azaangr odueowey epanbes MY had erotdlesl Yy DC power
source for applying the negative voltage to the sane.

provided. For example, a DC power source for applying the

positive voltage to theplasma production chamber 12 and another
DC power source for applying the negative voltage to the same.
10 Inthis embodiment, cneDC power source 36 isused for controlling
both the plasma igniting operation and the amount of emitted
electrons. Therefore, the construction is simplified and the
cost isreducedwhen comparingwith thecaseofusingthe 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 generatormayalsobeprovidedwithina 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 ion implantation process based on the ion
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10 In this -enbodi nent, one DC power source 36 is used for controllin bot h
the plasma igniting operation and the anount of enmitted eIectronsJ7[ﬁTZW5
Therefore, the construction is sinplified and the cost is reduced when
conparing with the case of using 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 magni tude of the DC voltage my be
controlled by a control unit 38. The plasma generator 10 may be provi ded
within the vacuum chanber 8 so as to locate it close to the ion beam 2. The
pl asma iXrghreriadror waylahse e ptosdmdiegead t hinm AETubulia]l coaf deaer, which
is inserted into the vacuum chanber 8. Either way, the plasma production

chamber thrisi sd@et rineaklexadtgy aved FEromay puatd esirace dhenyoétage as
menti oned above is applied to it. A method of fabricating sem conductor

devi ces 60 ee@m%g%me&@p&nu@ Bemd dBh Bt ON dplankat | on, pracesss pased on
the ion 22 17 2005 irradiation, will now be described. An FE T ~field

effect LranskshQhntRIE SXaCH Ve aNVOSFETn i s MBuc b ekdekhes Eia&gsj stor) is

exenplified tor the sem conductor device 60. To fabricate suc

sem 80”%‘—5@105@0'%‘6 e 60, )aiéeﬂé&&rig::}”t% gH@%EB%’chSr %bat?a%!eul(.:on

substrate) 1s used for the sem conductor substrate ate oxide film 62

d I - 1,00 -9Xi i1 m 64 in_ i ped i
of the SubBrPaPh It radt. sZan e thiThornl FebPhrREal Rt B LA or The

gate OXIadree fflolrrn?ed in predetermined regions of the substrate surface.

An electrode 66 is formed on the surface of the gate oxide film
62 .

10 Ion beams 2 are irradiatedon the semiconductor substrate
4 thus 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
boronisdopedasthedopant ion, andof then-type whenphosphorus
or arsenic is implanted. In a case where the semiconductor
substrate 4 is of then type, ap/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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62 . io lon beans 2 are irradiated on the conduct or substrate 4 thus
formed to inplant a dopantion (e.g., boron, phosphorus, arsenic) |nﬂqmﬁmmﬁ
substrate. Two inpurity doped |layers 68 are formed in the surface region of
t he sem conductor substrate 4 and on both sides of the gate el ectrode 66
and the gate oxidR 15 film 62. The inpurity doped | ayer 68 is of the p-type
when boron is doped as the dopant ion, andof the n- type when phosphorus

or arsenic is inplanted In a case where the sem conductor substrate 4 is

of the nt nctl nis formed by formn the i urlt doped
Tayers BeriAing BOPrbe SendRsrtche'd rﬁh@r.ﬁ}mzﬁora%&s%aora9§?éces Punctions as
a source, and the other as_a drain. a p-channel MOSFET is formed as
t he seﬁ%%%ﬁ%h%YoﬁiH%WP@@(I%Sﬁﬁ”é”ﬁ%%%ﬂﬁﬁépévﬂﬁéSs%%ﬁ%BHHEEFBthﬁﬁgtrate 4 is
of the p type, a p/n junctionis formed by formng the inpurity doped
| ayers B9 6PTERE bt 1seSUBABCHTL THEOR RPUFRE Y Sldsed AEfers SBBSPEafanct | ons as
a source, and the other as a drain. Thus, an 23 17 OCT 2005 n-channel
MOSFET 4s formed as the seni conductor device 60. Actual ly, a nunber of
sem conductor devices 60 thus structured are formed in the surface region
of bBhe sem cwuctaou Subsirate fuch 5daorcarahuf oot widnigcesudd $gntbenduct or
devices 60 by the utilization of such an ion irradiation process, the
above- nent 1 onedi ehar ge- upushppressiin t echwadie: isn apprbedssp the
above-mentioned charge-up suppressing technique is applied to
the plasma generator 10. Thiswill bedescribedagaininbrief
(see also Fig. 1).
10 Specifically, ina first step, an ionbeam 2 is generated.
In this state, a positive voltage with respect to ground is
applied from the DC power source 36 to ground. Secondary =
electrons 40 are then generated when a plasma generating gas
18, flowing out of the plasma production chamber 12 to the
15 scanning path of the ion beam 2, collides with the ion beam
2. The generated secondary electrons 40 are led into the plasma
production chamber 12 by the positive voltage, wherein the
generatedsecondaryelectrons40triggertheignitionof aplasma
in the plasma production chamber 12.
20 In a second step, a negative voltage with respective to
ground is applied from the DC power source 36 to the plasma
production chamber 12, and a plasma 16 1is emitted out of the
plasma production chamber 12 and supplied to a region near the

semiconductor substrate 4. In this way, an 1on beam is

25 irradiated on the semiconductor substrate 4 while suppressing
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t he plasma generator 10. This will be described again in brief (sei %|f3
Fig. 1). 10 Specifically, in a first step, an ion beam 2 is generat d.0CT (2605
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 plasnma 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 generated secondary electrons 40 are led into the plasm
production chanber 12 by the positive voltage, wherein the generated
secondaﬁ?WéFééF98ﬁ§p4B“ﬂﬂﬁb@@WHQR¥q%ﬁﬁqqéHgﬁtéﬁFééﬁa.W?hC@H%3%¥h§%a
production chanber 12. 20 In a second step, a negative voltage with

r espect ifv@nt dhegricundgad dppldcEichFiradm t he DC power source 36 to the plasma
production chanber 12, and a plasnma 16 is emtted out of the plasna
producti on chéimeere t2igndedippl iled app la adegitdre mearsntdearsem Conaligt or
substrate 4. In this way, an ion beamis 25 irradiated on the sem conductor
subst r atee 4 gatiitlesl Supprhes $ilngn2d deh@EE 02006 dhenahtarge=dipalbowd he

sem conductor substrate 4, which results fromthe ion beamirradiation.

Wier g t s tRihogbhs] appt é€theahiRel Phashacaan Aot tiabbyashe igniteshin the
pl asma generator 10 as nentioned above. 5 Further, conplicatednmeans is not

needed fmQfr dHag ) @S MBHEAG A beAm 1 FUREDEE MBR& pfnes 980 ReaMberagdiat i on
appar atus does not cause

the problems of metal contamination, surge voltage generation,
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
productign yield during manufacturing of the semiconductor
devices.

15 Additionally, the amount of electrons emitted from the
plasma production chamber 12 can be controlled by applying a
negative voltage to the plasma generator 12 when the
semiconductor substrate 4 is irradiated with the ion beam 2.
By controlling the electron amcunt, 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 With progress of microfabrication of the semiconductor device,
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the problens of nmetal contam nation, surge voltage generation, or
conplicated maintenance. Metal contam nation of the sem conductor (gupstymt e
is a serious problemin the fabrication 10 of sem conductor devices. The
invention can prevent this problem Accordingly, the invention inproves
both the performance of the sem conductor devices as well as the
production yield during manufacturing of the sem conductor devices. 15
Additionally, the anpbunt of electrons emtted fromthe plasma production

Chameﬁhé—%%@%ﬁ%ﬂ@d@%fbih@p@{lwsﬂga@e segaktyestvalHaga dootthe pl asma
generator 12 en the sem conductor substrate 4 is irradiated with the ion

beam 2; ,, By, confr ol { dhedshep glgetd ar Q%@ntﬂﬂeaghﬁéﬁ%‘s“?o% ibhe 20
substrate surface is suppressed, and the charge voltage of the substrate

surfacgn %ﬁg&ﬁ%%?z&%ﬁn{ ¢ Bcc?ldelﬁ%ﬁié% at]-;’dotv}.?leof i géﬁﬂ:{)hﬁug'@é?kdom of

t he sem con ce during ron beamirradiation i s prevented,

whi ch | nproves .t he productio el d. duti th jcation_stage of the
senicd%%ﬂ%?%r d%V?c§§05§:@$%ﬁnﬁ¥%g?§%sggfQ%?c?ﬁ éﬁ??%gtﬁgncgﬁaggg

sem conduct or, devi c 25 17 .CCT 2Q05 the charge-up, vol e.of the substrate
SuPt act di° S e IR TGRSt at PORORISE 0 halg SeDB1 ROt al as Iow
as possible in order to prevent the dielectric¢ breakdown of a sem conduct or

devi cé"e TR f ABYY c&tiSeh REt hddP bt thet? nvidift | Bh CE8 TeRFalPE 1 of Ofeet i ng such

a requirement. Accordingly, the fabrication
semiconductor devices.

As seen from the foregoing description, the present
invention has the following meritorious effects.

10 2An amount of secondary electrons, which i1s high enough
to reliably 1ignite the plasma, may be led into the plasma
production chamber. Accordingly, a plasma may reliably be
ignited in the plasma pfoduction chamber.

The invention advantageouslyutilizes the ionbeam, which

15 is originally present for the processing of the substrate, for
generating secondary electrons and in turn theplasma ignition.
The plasma may be ignited by the utilization of the ion beam
andapplyingapositivevoltagetotheplasmaproductionchamber.
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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met hod may al so be applied to the mcrofabrication of sem conductor

devices. As seen fromthe foregoing description, the present i nvent il 6riCh&805
the following nmeritorious effects. 10 An anmount of secondary el ectrons,
which is high enough to reliably ignite the plasma, nmay be led into the

pl asma production chanber. Accordingly, a plasma nmay reliably be ignited
in the plasma production chanber. The invention advantageously utilizes

t heion i onbeam wh 15 is originally present for the processing of the

substrate, for enﬁ;aiégg secondarg electrogﬁiané%n turn thetEIasna
i gniti oM FHRUPE aShmnEy b8 Pofifited ®hy T8 Uthd i Hh BFCEHEEBR beam and
applying a positive voltage to the plasma production chanber. Accordingly,
t he plégﬁﬁ“b%ﬁﬂ%ﬁQﬁﬁ &perat # 9R2 | SIREY PR milYe CORR ©26 LeGhphrcared feans i s
not needed for the plasma ignition. Further, the invention does not cause
t he pr ot &Fs Biedhetlact o ariifachén desuPgenvel e agjeb gehefat F oAl aee
conplicated maintenance. Al'so in the invention, the DC power source
cont r oliss soPpPr2ssed,yanhet ipt adww degHpl teneoplertats enbas ragrt $onédcabove, but
al so 26 17 OCT 2005 the anobunt of electrons emitted fromthe plasm
pr oductnan becfambére ratbducethde pllaseavegni ¢n@mC Byweontoolddengatyheeanount  of
emtted electrons, the charge-up in the substrate surface is suppressed,
and t heydhdr ger vbbtage hef glhesmsubsgnat eosuebaceol and the emitted
electron amount control. Therefore, the construction 1is
simplified and the cost is reduced when comparing with the case
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 for theplasmaignition. 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 cah 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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5 may be further reduced. Mreover, one DC power source nmay be useg fﬁﬁ
both the plasma ignition control and the emtted electron anount c At IZME
Therefore, the construction is sinplified and the cost is reduced when
conparing with the case where multiple power sources are required for those
controls. 10 Where this nmethod is used, the plasma can reliably be ignited
in the plasma generator, and conplicated neans is not needed for the plasm
ignition. Further, the ion beamirradi ati on apparatus does not cause the
probl ens of netal contam nation, surge voltage generation, or conplicated
mai nt en@NES L SRTEFet ARG 5 o rftleih Hati O e t%gfé'é?ﬁsd&?dikﬁtcﬁ‘ fate is a
serious problemin the fabrication of the sem conductor devices. The

i nvent i daycha Previear naducgstobPent wRecorldi hgeydie hect Avem i mkdewipr oves t he
performances of the sem conductor device, and the production yield in the
st age of Indhwef setirdongl udies s etd worel Wbtomg 2haleddrc s amidditddirat ign t he
anount of electrons emtted fromthe plasma production chanber can be

cont r ol liedp byvappkyitng iaprnegat h& @ readutcadgent pi ¢ heé ipl alsae generat osn when t he
sem conductor substrate is irradiated with the ion beam By the electron 25
anount eenlfobs the ebarigendpckBrt hevsybst radetiser f agee ifabdA dafkt XA 2005
suppressed, and the charge voltage of the substrate surface may be further

reducedqncAs o r gayl ta1the sl elggiiri<y brreakdpun npfrd hen sepheopgducior device
during the ion beamirradiation

semiconductor devices.
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is prevented to inprove the production yield in the fabrication 5 stage of
the sem conductor device. Further, the fabrication nethod nmay alggjpp CT_200%
applied to the mcrofabrication of senm conductor devices. 28 17 2005
VWHAT |S CLAIMED IS: 1. An ion beamirradi ation apparatus for irradiating an
ion beamon a substrate conprising: 5 a vacuum chanber for generating
secondary el ectrons when the ion beamcollides wth an ion generating gas
therein; and a plasma generator connected to the vacuum chanber, the

pl asma generad gf A NgtydinNg: a radio frequency di scharge generator for
generating a 10 frequency discharge; an ion generating gas introducer for

introducing the ion generating gas into the plasna generator; and a DC
power source connected between the plasma generator and the ground, 15

wherein the power source_applies. ositive voltage .to_the plasm

gener at or soqtc?hat W?We l?@c%ﬁalﬁrjyr%ar%ﬁa?g%% AR B i%%trol{’ hadpradnd

gener ator, when the secondarg el ectrons, are generated in the vacuum
chanmberal aifP (4R &} secHmdar 2 Lol edfPbheinas an ignition trigger, ignite a

plasma in the plasnma 20 generator when the radi o frequency discharge
genérator i rit FeAUBBCRRRRRT & o egene v i nAtTe sheddae sdmcdiafiserhen

the ion beam ccllides with an ion generating gas therein; and
a plasma generator connected to the vacuum chamber, the
plasma generator including:
a radio fregquency discharge generator for generating a

10 frequency discharge;

an lon 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 champber, and the led secondary
electrons, as an ignition trigger, ignite aplasma in the plasma

20 generator when the radio frequency discharge generator

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

claim l, 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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2. The ion beamirradi ati on apparatus according to claim1l, wherein the DC
power source provides an energy to each 25 of the secondary electroqg @: %
applying a positive voltage V 29 17 OCT 2005 5 to the plasna generator, m
the positive voltage defined by a first ionizing energy El of an atomor a
nol ecul e included in the plasma generating gas and an energy E2 of each of
the secondary electrons satisfies a function: V> (El - E2)/e [M 3. The
ion beamirradi ati on apparatus according to claim1l, wherein the DC power
source controls an amount of electrons in the plasma by swicthing to

appl yanegatieelasoia ageclith tar t kerdpltasnrogenerat opltaffeedesenendayy
electrons ignite the plasm. 4. A nethod of operating an ion beam

i rradi & i finestappaliat sy camgrd sialg dthansteps ot: ai solayuapplytbgdadpositive
voltage to a plasma generator by a DC power source when the ion beam

travel sih nthad pracdn £dhadberindg b)ad eadi ng seeendary elfeeteansti ahe the
pl asma generator fromthe vacuum chanber by the positive 20 voltage, the

Secondagé/c@é&.%yOélﬁe@@f@gw@g@{@%@gsba( gugotlbgion of the ion beamwith the
pl asma generating gas which i1s flown out of the plasm

5 V > (El - E2)/e [V]

3. The ion beam irradiation apparatus according to
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 ion 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) igniting a plasma by the secondary electrons as a
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generator into the vacuum chanber by the positive voltage; 25 ~(c) ignitin
a plasma by tho secondary electrons as a 30 17 OCT 2005 trigger of hUCTZ@ﬁ
ignition, when a radio frequency generator introduces a radio frequency;

(d) irradiating the ion beamon a substrate; and (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 nmethod according to claim4,
further conprising 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 pl astaledel eoifr raadi Aghhgiehe Woen bearrdhot Heesistavate. 15 6
A nethod of inplanting ions into a sem conductor substrate by an ion beam
irradiation for fapenendtiog antseniicendactedideviregpethhe met hod conpri sing
the steps of: (a) applying a positive voltage to a plasma generator by a DC
power source phen {iheadoatbeantheavehsbeamaoragusibs2@ackanher; (b) | eading
secondary electrons into the plasma generator fromthe vacuum chanber by

thlel positive ol t agepp 1 yhegSeeardany &hect rans bekngsgeserated hya
co I SI Oon
5 suppressing a charge-up of the substrate while

irradiating the plasma on the substrate.

5. The method according toclaim 4, 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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of the ion beamwth the plasma generating gas which is 25 flown out of the
plasma generator into the vacuum chanber 31 by the positive voltagg] janh
(c) igniting a plasma by the secondary el ectrons 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 10 (d) supplying theplasma on the sem conductor substrate

for suppressing a charge up of the sem conductor substrate while the plasna

is irradiated on the senm conductor substrate. 32
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 beam on the semiconductor substrate;
and
(d) supplying theplasmaonthe semiconductor substrate
for suppressingachargeup of the semiconductor substrate
while the plasma is irradiated on the semiconductor

10 substrate.
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