12 SEP 2003 FARADAY DEVI CE Background of the Invention Field of the

I nvention 5 The present invention relates to a Faraday device WaiSER 2003s
used for neasuring a beamcurrent of an ion beamin an ion injector, ion
dopi ng apparatus (non-mass separation type ion injector), ion beam
irradiation apparatus and the like. Mdre specifically, the present
invention relates to a Faraday device 10 for reducing the occurrence of an
error in the beamcurrent neasurenent as the result of entering of ion
contained in a plasm, e.g., beamplasma into a Faraday cup. In the
present specification, the terﬁﬁRﬁgﬁy RE¥ASE" positive ion". 15 Description
of the Related Art A related-art Faraday device is illustrated in Fig. S
The Faraday device conprises a mask 4, a Faraday cup 12, a suppressor

el ectrode 10, and a positive bias electrode 8 The mask 4 has an aperture
6 for defining an area (@adhquonatd af) 2@ dnwmiiom beam 2 passing through
the aperture 6. The Faraday cup 12 receives the ion beam 2 having passed
t hrough thecagestufige Bnasdti®Aasures the beam current of the ion beam The
suppressor erectrode 10 s provi ded between the Faraday cup 12 and the

mask 4 and in thee G dudy iavehb@ohar&daye S U B2ralhi@aPasddide w3 dy as
el ectrode 8 is provided between the suppressor el ectrode

is used for measurihg a beam current of an ion beam in an ion

injector, ion doping apparatus {(non-mass separation type ion
injector), ion beam irradiation apparatus and the like. More
specifically, the present inventionrelates to a Faraday device
10 for reducing the occurrence of an error in the beam current
measurement as the result of entering of ion contained in a
plasma, e.g., beam plasma into a Faraday cup. In the present

specification, the term "ion" means "positive ion".

15 Description of the Related Art

A related-art Faraday device is illustrated in Fig. 5.

The Faraday device comprises a mask 4, a Faraday cup 12, a
suppressor electrode 10, and a positive bias electrode 8. The
mask 4 has an aperture 6 for defining an area (configuration)

20 of an ion beam 2 passing through the aperture 6. The Faraday
cup 12 receives the ion beam 2 having passed through the aperture

6 and measures the beam cﬁrrent of the ion beam. The suppressor
electrode 10 is provided between the Faraday cup 12 and the
mask 4 and in the vicinity of the Faraday cup 12. The positive

25 Dbias electrode 8 is provided between the suppressor electrode



11 27223 10 and the mask 4. The mask 4 is usually connected t 0 nf
(ground potential part) Positive voltage (with respect to grdﬁhﬂngM
applied froma positive bias power source 16 to the positive bias 5

el ectrode 8. Negative voltage (with respect to ground) is applied froma
suppressor power source 18 to the suppressor electrode 10. Beam current
flowwng to the Faraday cup 12 is neasured by, for exanple, a current
measuring instrument 14 connected to the Faraday cup 12. 10 The suppressor
el ectrode 10 applied with the negative voltage prevents el ectrons derived
from an up$t e88mtp&r fask 4.e . | the beamline of the ion beam 2, from
entering the Faraday cup 12. The suppressor electrode 10 al so noves back
to the Faraday Tbemark 4 he useedAdaronredaicad bngrabnch ancarshpetent ¥2bm t he
Faraday 15 cup 12 when the ion beam 2 is incident on the Faraday cup 12.
Such the pamtti.onPpsevenesvelithgsebonttamedpmEts frcogroansl) ngs awpkredr in
the original beam current neasurenent. The positive bias electrode 8
appl i ed wiftrbmt e gaosittiwe bvod tageet Sspuoreded waerthan momitveofb] £8v ener gy
ion, which 20 is not negligible, is contained in the beamline of the ion

beam % Thg eposikicVa VoNkggeiak whe tRQs t(lw\iéthblr@%p@caﬁttrcpdﬁrodmctwns to
nove back the | ow energy ion upstream Such the
applied from a suppressor power source 18 to the suppressor
electrode 10. Beam current flowing to the Faraday cup 12 is
measured by, for example, a current measuring instrument 14
connected to the Faraday cup 1Z.

10 The suppressor electrode 10 applied with the negative
voltage prevents electrons derived froman upstreampart, i.e.,
the beam line of the ion beam 2, from entering the Faraday cup
12. The suppressor electrode 10 also moves back to the Faraday
cup 12 the secondaryelectronswhichareemitted fromthe Faraday

15 cup 12 when the ion beam 2 is incident on the Faraday cup 12.
Such the function prevents such secondary ions from causing
an error in the original beam current measurement.

The positive bias electrode 8 applied with the positive
voltaée is provided when an amocunt of low energy icn, which

20 is not negligible, is contained in the beam line of the icn
beam 2. The positive voltage at the positive bias electrode
functions to move back the low energy ion upstream. Such the
function prevents such low energy ions from causing an errcr
in the original beam current measurement.

25 2Around the ion beam 2, due to a collision of the ion beam




function prevents such | ow energy ions from causing an error
ori gi nal
collision of the ion beam?2 12 SEP 2003 2 and a residual gas, € ggfpapg and

ions are generated to produce

pl asma.

in the
beam current neasurenment. 25 Around the ion beam 2, due to a

pl asma 20a. This plasma is called a beam
The beam pl asma 20a becones hi gher in concentration, as degree of

vacuum of the beamline of the ion beam 2 becones 5 lower (i.e., the gas

pressure becones hi gher)

10-4Pa i

n the normal ion injector. 1In the ion doping apparatus for

directly 2 pRadi B85 e & heaseortl AN LangdeTS R dRTESALEEITTRI BAVG®S
substrate (i.e., wthout the nmass separator) , the degree of vacuumis
about 10-2Ralasmre?dD. i (This ppesre Be callledneedebp PRESFas fl owi ng out of

the ion

source. The |atter apparatus has a hi gher concentration of

The degree of vacuum of the ion beamis about

t he

beam pl asma 20&arhd beaveplasnaidla becthe sapegher elrb cohcehd radrifoaceasf t he
the ion beam 2 collides with the mask 4 to generate 15 secondary

mask 4,

el ectronsy defisecadd tAeubinkef 19k bhaim dipkasiari2dh drs bplaadacBdcombss pl asma

20b is also considerably high in concentration. Accordingly, even if the

posi tisve hias elie6l I o0d8e8yd$ pridis@virdedechbhethei phasNd 2 Laryicdi 6 t he
beam pl asma 20a and

10

15

20

25

vacuum of the ion beam is about 107'Pa in the normal ion injector.
In the ion doping apparatus for directly irradiating the ion
beam led out from an ion source on a substrate (i.e., without
the mass separator), the degree of vacuum is about 107"Pa since
it is apt to be influenced by the gas flowing out of the ion
source. The latter apparatus has a higher concentration of
the beam plasma 20a.

In the vicinity of the aperture 6 of the surface of the
mask 4, the ion beam 2 collides with the mask 4 to generate
secondary electrons, ions and the like, so that a plasma 20b
is produced. This plasma 20b is also considerably high in
concentration.

Accordingly, even if the positive bias electrode 8 is
proviéed, if the plasma 20 containing the beam plasma 20a and
the plasma 20b becomes higher in concentration, it reaches the
positive bias electrode 8 as shown in Fig. 5. If the plasma
20 reaches the positive bias electrode 8, the plasma 20 is
influenced by the negative voltage of the suppressor electrode
10. An ion 22 of the plasma 20 {(one of a great number of ions

22 is typically illustrated in Fig. 5) is drawn out of the plasma



20 the plasma 20b becones higher in concentration, it reaches f?s P ﬁttive
bi as electrode 8 as shown in Fig. 5. If the plasma 20 reaches 5 3 itive
bias electrode 8, the plasma 20 is influenced by the negative voltage of

t he suppressor electrode 10. An ion 22 of the plasma 20 (one of a great
nunber of ions 25 22 is typically illustrated in Fig. 5) is drawn out of
the plasma 12 SEP 2003 20 toward the Faraday cup 12 by the negative

vol tage of the suppressor electrode 10, and is incident on the Faraday cup

12. As a result, art of the ion 22 of e plasma 20 i 5 asured by
the Faraddy rl‘g C{%%r{:l{ﬂ ]tzzh é&‘ﬁ'n Vel s 1 hdeo) fvotl%@gi og% 35& 2 to
orlglnally be neasured and an error caused in the beam current
neasurenE§H9P¥§§ﬁﬁﬁ)ﬁ¥ﬁCE?Rﬁ¢rﬂﬁﬂnﬁQﬁ1%ﬁ)%N?%ﬂﬂnéanbﬁh@h536P@§éhFUanent|on
is to prevent the ions, which are contained in the beam plasma and the
pl asma gekkrated in t he vicinity of the surface of the mask, fromentering
the Faraday cup, and thereby to reduce an error in the beam current
measur enent . 158A dFaresdalt devimgser ofo ft Heneprieset?2 ofvéhel gl sacowpRilsas
magnets for devel oping a magnetic field having a direction crossing an
apert Br e mdadineedrizskthe Radraddcboptd2 ofint &idd Apesh urfethe beam current

of the ion beam 2 to originally be measured, and an errocr is

caused in the beam current measurement.

Summary of the Invention

10 An obiject of the present invention is to prevent the ions,

which are contained in the beam plasma and the plasma generated

in the vicinity of the surface of the mask, from entering the

Faraday cup, and thereby to reduce an erreor in the beam current
measurement.

i5 A Faraday device of the present invention comprises

magnets for developing a magnetic field having a direction

crossing an aperture of themask in the vicinity of the aperture.

A beam plasma and a plasma generated in the vicinity of

the ma;sk surface as the result of ion beamcollision is trapped

20 by the magnetic field, which developed in the vicinity of the

aperture of the plasma, and hence does nct reach the positive

bias electrode. BAs a result, a chance is reduced that the ions

contained in the plasma are drawn cut by the negative voltage

of the suppressor electrode and are incident on the Faraday

25 cup. Therefore, an error in the beam current measurement 1s




A beam pl asma and a plasma generated in the vicinity of the mask surface
as the result of ion beamcollision is trapped 20 by the magnetic field,
whi ch devel oped in the vicinity. of the aperture of the plasms, aqdzggpiﬁﬂ
does not reach the positive bias electrode. As a result, a chance

reduced that the ions contained in the plasma are drawn out by the
negative voltage of the suppressor electrode and are incident on the
Faraday 25 cup. Therefore, an error in the beamcurrent neasurenment is 4 12
SEP 2003 minimzed. Brief Description of the Drawings Fig. 1 is a cross
secti onal ™ EMi 38@wi ng a Faraday device 5 according to the present
invention; Fig. 2 is a plan view showi ng the Faraday device; Fig. 3is a
cross sectional view show ng another arrangenent of magnets used in the
Faraday device; Fig. 4 is an enlarged sectional view showi ng a structure

10 contai ning the magnetBriaft hesEaiaddynderi cheofDfawginds and Fig. 5is a
cross sectional view showing a related-art Faraday device. Detailed
Description of the. hnventtessdseddtdonkli $iéw ehoss ngestianalaviewissowi ng a

Faraday device according to the present invention. Fig. 2 is a plan view
5 according to the present invention;
Fig. 2 is a plan view showing the Faraday device;
Fig. 3 is a c¢ross sectional view showing another
arrangement of magnets used in the Faraday device:;
Fig. 4 is an enlarged sectional view showing a structure
10 containing the magnets in the Faraday device of Fig. 1; and

Fig. 5 is a cross sectional view showing z related-art

Faraday device.

Detailed Description of the Invention

15 Fig. 1 is a cross sectional view showing a Faraday device
according to the present invention. Fig. 2 is a plan view
of the Faraday device. Same porticns will be designated by
same reference numerals in the related art illustrated in Fig.
5. Déscription will be given placing emphasis on different

20 portions.
In the Faraday device, a pair of magnets 30, polarities
of which are opposite to each other, are buried in the mask
4. The magnets 30 are disposed across the aperture 6 of the
mask 4. The magnets 30 develop a magnetic field which 1is

25 distributedacross theapertureéinthevicinityof the aperture



of the Faraday device. Sane portions will be designated by sane reference
nunmerals in the related art illustrated in Fig. 5. Description will be

gi ven placing enphasis on different 20 portions. In the Faraday qqysggﬂmy
pair of magnets 30, polarities of which are opposite to each other, "are
buried in the mask 4. The nmagnets 30 are di sposed across the aperture 6 of
the nmask 4. The nagnets 30 devel op a nagnetic field which is 25
distributed across the aperture 6 in the vicinity of the aperture 1 2 SEP
2003 6 of the mask 4. Lines of nmagnetic force of the nagnetic field are
desi gnat et oddythefrereinde numeealoBragAkthoubbr¢e dfs thetmadwalysc faedsksary to
bury the magnets 30 in the nmask 4 as in this enbodi nent, the buried
magnet s 3fre Sdeas egpaeédrhabl eefenercéhrueersi n®2chance that the ion beam 2
and the plasma 20 hit the magnets 30 thereby sputtering the magnets 30.

The magnets 30 meyhdegiel BCtisonagnelway Prefeisatiny tbheur peginett gietar e
per manent nagnets, which are easy to handle. 10 In this enbodi nent, those

are per mefent, FENgtsx 8Sashoinin EhBod4meB@ChtRE Hhei SRR 3P 3los pl aced
such that two magnetic poles (N, S) are vertlcally arranged (i

arr anged ﬂgg&&;}&s&gfﬂ OMLE Wi £ f% %arf%_ebﬁm % hasisgs pdd @ugh)

The reason e descr | at er
and the plasma 20 hit the magnets 30 thereby sputtering the

magnhets 30.
The magnets 30 may be electromagnets. Preferably, the
magnets 30 are permanent magnets, which are easy to handle.
10 In this embodiment, those are permanent magnets.
As shown in Fig. 4, each of the magnets 30 is placed such
that two magnetic poles (N, S) are vertically arranged (i.e.,
arranged along a direction in which the the ion beam 2 passes
through). The reason for this will be described later. The
15 directionof magnetic fieldlines 32 in this example is opposite
to that of the magnetic filed lines as shown in Fig. 1.
To avoid the disturbance of the magnetic field developed
by the magnets 30, parts and members located near the magnets
30 aré preferably made of non-magnetic material. In this
20 embodiment, the mask 4, positive bias electrode 8, suppressor
electrode 10 and the Faraday cup 12 are made of non-magnetic
materials. In a case where the suppressor electrode 10, the
Faraday cup 12 and the like are located far frbm the mask 4,
those may be made of other materials than the non-magnetic

25 material. The non-magnetic materials are, for example,



15 direction of magnetic field lines 32 in this exanple is oppositg to
that of the magnetic filed lines as shown in Fig. 1. To avoid tHel SEP 2003

di sturbance of the magnetic field devel oped by the magnets 30, parts and
menbers | ocated near the magnets 30 are preferably nmade of non-nagnetic
material. In this 20 enbodi nent, the mask 4, positive bias el ectrode 8,
suppressor electrode 10 and the Faraday cup 12 are nade of non-nagnetic
materials. In a case where the suppressor el ectrode 10, the Faraday cup 12

and the like are |located far fromthe mask.4, , those na ﬂﬁ%ﬂﬂ&ge of ot her
mat er i al Y HETYhe HIFSAGHEC ]T‘Féteésrsi eﬂt.éeljﬁeha(r?\loaﬁ- maé’ne i'c naterials
are, for exanple, 6 12 S E P 2003 alym pum non-nmagnetic ainle st eel,
and nol ybdenumIn Rhefaiadxnad§vaesr deie Eﬁ@mt}g]aﬂﬁl?ﬂ‘ %@ﬁaa%?%%i?%@am asma
20b generated in the vicinity of the surface of the nﬁsﬁgf as, the result
of ion beh esnersitesd in ghe vighel b admkheoskbharet9hd ™ 8 Sthds@S pl asnas,
is trapped by the magnetic field generated in the vicinity of the aperture
6 of the tteskednlnorieiospeeinfdéehl 1gion h#ial ecthonsasha 4brNeLSERBIpl asma
20 make the Larnor notion while spirally revolving around the magnetic
fields | ig®esidXe i asarts, cikat raphed éhedthonagnedlov & igd dugenehafedo with
the small spiral radius. Therefore, the electrons are hard to nove across
t he magnetn cthieelwd dimietsy 32f ‘When dgwerture 6 of the mask 4. More
specifically, the electrons and ions of the plasma 20 make the
Larmormotionwhilespirallyrevolvingaround themagnetic field
lines 32. 1In particular, the electrons revolve around them
10 with the small spiral radius. Therefore, the electrons are
hard to move across the magnetic field lines 32. When the
electrons are trapped, the ions are also electrically attracted
by the trapped electrons, so that the ions are hard to move
across the magnetic field lines 32. With this mechanism, the
15 plasma 20 is trapped by the magnetic field, and fails to reach
the positive bias electrode 8. When the plasma 20 is high in
the concentration, an intensity of the magnetic field is
increased correspondingly.
More exactly, under the positive voltage of the positive
20 bias electrode 8, a force acts on the electrons of the plasma
20 in the vicinity of the aperture 6 to move the electrons in
the plasma 20 to the positive bias electrode 8. In this case,

the electron spiral radius is small and its force of revolving

around the magnetic field lines 32 is strong. Therefore, if

25 an intensity of the magnetic field is increased to some extent,




el ectrons are trapped, the ions are also electrically attracted by the
trapped el ectrons, so that the ions are hard to nove across the an?EEPﬂm5
field lines 32. Wth this nechanism the 15 plasma 20 is trapped by e
magnetic field, and fails to reach the positive bias electrode 8. Wen the
plasma 20 is high in the concentration, an intensity of the magnetic field
I's increased correspondingly. Mre exactly, under the positive voltage of
the positive 20 bias electrode 8, a force acts on the electrons of the
plasma 20 in the vicinity of the aperture 6 to nove the electrons in the
pl asma 20the athe gpusian oé Haslelcdernsdec he poshid vedebas alifctaiagds ron
spiral radius is small and its force of revolving around the nagnetic
field |lingsi82redusedpnghidherefmeeligib®8.an intensity of the nagnetic
field is increased to sone extent, 7 1 2 SEP 2003 the attraction of the

el ectrons to thghepsthievd d¥nas? @l eqivendmtedl fsomediced;o thegvsitive

negligi ble. Wiere the plasma 20 is prevented fromgoing to the positive

bi as el echygdes BoByrédie amgnehieCnhoneeict her Posithy eomiltiage v wofgd he
positive bias electrode B acts on the plasnma 20 to nove back the ions in

t he pgfﬂ‘s £20hd QR iRAT HORs UPSEF ek Ofs hhes POSiHd Y8 akimds2el eginage 8.
Accordingly, a Chance is reduced that the ions of the plasna 20 are drawn
out by th@agﬁg@ﬂévfbns in the plasma 20 to a position upstream of the
positive bias electrode 8. RAccordingly, a chance is reduced
that the ions of the plasma 20 are drawn out by the negative
voltage of the suppressor electrode 10 and incident on the

10 Faraday cup 12. As a result, an error in the beam current
measurement of measuring the ion beam 2 is reduced. Thus, the
positive bias electrode 8 functions to reduce the error in the
beam current measurement of measuring the ion beam 2 as well
as the magnetic field.

15 Such an effect is more remarkable when the Faraday device
is used in a situation where a degree of vacuum of the beam
line of the ion beam 2 is low, and the beam plasma 20a, which
is high in the concentration, is eaéy fto occur, as 1n the case
of thé ion doping apparatus.

20 While one Faraday device is used in the embgdiment
mentioned above, a plurality of Faraday devices may be used
as shown in Fig. 2 {inthis case, the Faraday devices are arranged
side by side}. In the Fig. 2 case, a plurality of slit-sheped
apertures 6arearrangedsidebyside foronemask 4. Themagnets

25 30 are disposed (buried) in a state that each slit is located



voltage—of t he suppressor electrode 10 and incident on the 10 Faraday cup

12. As a
i on beam

2 as wel |

t he Faraday device

in the conpcentration,

above, a

thi s caseMaghetisr ddayddeineds arte drak
case, a plurality of slit-shaped apertures 6 are arranged side by side for
one mask posTfiécmagnenst2saBochrithelizposedi( buei epprinrasseaten thigr. each

slit is |

Ref erence2nuperlal 32 iFsragagnetupc 14 eld i ypiesal IThel Farsideyt @dips Thear e
on a position downstreamof the array of the apertures 6 (in Fig.
2, only opeskaradayisspelltirodey/pi eall yhé Ishipireatsed) el etheoBepds) tirve bi as

di sposed

result, an error in the beamcurrent —neasurenent of neaspKgpqiiihe
2 is reduced. Thus, the positive bias electrode 8 functions to
reduce the error in the beamcurrent neasurenent of neasuring the ion beam
as the magnetic field. 15 Such an effect is nore renmarkabl e when
is used in a situation where a degree of vacuum of the
beam line of the ion beam?2 is |low, and the beam plasma 20a, which is high
i S easy to occur in the case of th n dopi ng
apparatusbeﬁUeﬁﬁiFﬁedﬁg’@gﬂéﬁéﬁtdQGFE%tﬁgiﬁseﬁq T e e ABBEE n%f
plurality of Faraday devices may be used as shown in Fig. 2 (in
dCupisdéZbyrei de§rPosadidie aig. 2

ocated S 12 SEP 2003 between the two adj acent magnets 30.

el ectrode 8 and the suppressor electrode 10, in

10

15

20

25

this embodiment, are shaped like plates and used commonly for
those Faraday cups 12.

The magnets 30 may be placed as shown in Fig. 3. 1In Fig.
3, the twomagnetic poles (N, S} of each magnet are horizontally
arranged (i.e., arranged along a direction perpendicular to
the direction in which the ion beam 2 passes through). The
arrangement of the magnets in Fig. 1 is more preferable than
the arrangement in Fig. 3. The reason for this follows. In
the Fig. 1 arrangement of the magnets, the magnetic field lines
32 expand to a position upstream of the mask 4. Accordingly,
the plasma 20 is trapped at a position located more apart from
the mask 4 in the upstream directicn. Therefore, the
arrangement of themagnetsmakes itmoredifficult fortheplasma
20 to.move to the positive bias electrode 8.

As seen from the foregoing description, a beam .plasma
and a plasma generated in the vicinity of the mask surface as
the result of ion beam collision is trapped by the magnetic
field, which developed in the vicinity of the aperture of the
plasma. Hence, the beam plasma and the plasma generated in

the vicinityv of the mask surface do not reach the positive bias

Yfent i oned



this enbodi nent, are shaped |i ke plates and used commonly for those
Faraday cups 12. The nagnets 30 may be placed as shown in Fig. 3. In Fig.

3, the two magnetic poles (N, S) of each nmagnet are horizontallyzsgﬁgm3
arranged (i.e., arranged along a direction perpendicular to the direction
in which the ion beam 2 passes through). The arrangenent of the magnets in
Fig. 1 is nore preferable than the arrangenent in Fig. 3. The reason for
this follows. In the Fig. 1 arrangenent of the magnets, the nagnetic field
lines 15 32 expand to a position upstreamof the mask 4. Accordingly, the
pl asma 20elsctrapped dhegepesieri oh Foeatediforedsad Fham thke itk 4 in
the upstream direction. Therefore, the arrangenent of the nagnets makes it
nore di fftenteihed thdhs pdmama28re cdmnove oud blifethosiegatel b ax ldlagrst r ode B.
20 As seen fromthe foregoing description, a beamplasma and a plasma
gener at edofnthdeswppras sy of 1 4 dver o karsdird o 6 rasi ddiite aresid Rifradary beam
collision is trapped by the nagnetic field, which devel oped in the
vicinity efipt he Tapey,t uire efkrbhe irpl isembelANGAIr Hdtet bRasplaseatand t he

pl asma generated in 25 the vicinity of the mask surface do not reach the
posi tisve Riasm9Pzd4SEP7003 el ectrode. Therefore, a chance is reduced that
the ions contained in the plasma are drawn out by the negative voltage

10



of the suppressor electrode and are incident on the Faraday
error in the beamcurrent neasurenent is 5 mnimzed. 10 1 2 SEP 2003 Wat
is clained is: 1. A Faraday device conprising: a nmask having an ap&r§kkr 203
for determning an area of an ion beam passing through said aperture; 5 a
Faraday cup for receiving the ion beam passing through said nmask; a
suppressor el ectrode di sposed between said Faraday cup and said nask, said

suppressor el ectrode being applied with a negative voltage;

cup. Thus, an

10 a positive

bi as el ectrode di sposed between said suppressor el ectrode and sai dmask,
sai d posi¥h%e bFaSlal®Bedrdde being applied with a positive voltage; and a
pair of magnets for developing a magnetic field having a direction
crossing said abertur® Birsadiy AekCenceMRI VPENGity 15 of said aperture.
2. The Faraday device according to claiml1, wherein said nagnets are
buried in sai d aasde whiave reaibd magn‘emseafrcer dgiteposied racposerehfapdrture.

20
ion beam passing through said aperture;

5 a Faraday cup for receiving the ion beam passing through

said mask;

a suppressor electrode disposed between said Faraday cup

and said mask, said suppressor electrode being applied with

a negative voltage;

10 a positive bias electrode disposed between said

suppressor electrode and saidmask, saidpositivebiaselectrode

being applied with a positive voltage; and

a pair of magnets for developing a magnetic field having

a direction crossing said aperture of saidmask in the vicinity

15 of said aperture.

! 2. The Faraday device according to claim 1, wherein

said magnets are buried in said mask while said magnets are

disposed across the aperture.

20

3. The Faraday device according to claim 1, wherein

said magnets are electromagnets.

4. The Faraday device according to claim 1,

25 said magnets are permanent magnets.

11

whersin



3. The Faraday device according to claim1l, wherein said magnets are

el ectromagnets. 4. The Faraday device according to claim1, mheraig EP ﬁ]id
magnets are pernanent nagnets. 11 1 2 SEP 2003 5. The Faraday deVi atP 2
according to claim1l, wherein each of the magnets is arranged such that
two magnetic poles are arranged along a direction in which the ion beam
passes 5 through. 6. The Faraday device according to claim1l, wherein

each of the nagnets is arranged such that two magnetic poles are arranged
along a direction perpendicular to a direction 10 in which the ion beam
passes through. 7. The Faraday device according to claim 1, wherein the

aperture has a slit shape. 12 . . , ]
5. The Faraday device according to claim 1, wherein

each of the magnets is arranged such that two magnetic poles
are arranged along a direction in which the icn beam passes

5 through.

6. The Faraday device according to claim 1, wherein
each of the magnets is arranged such that two magnetic poles
are arranged along a direction perpendicular to a direction

10 in which the ion beam passes through.

7. The Faraday device according to claim 1, wherein

the aperture has a slit shape.

12



