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of the Invention .~~2* 5 The present invention relates to a Faraday device
which is used for nmeasuring a beam curref®“of an ion beamin an ion

i njector, ion doping apparatus (non-nmss separation type ion injector) |,
ion beamirradi ati on apparatus and the |like. Mre specifically, the present
invention relates to a Faraday device 10 for reducing the occurrence of an
error in the beamcurrent nmeasurement as the result of enterin '
contained in a plasma, a . g . FARAY pPBSREE i nto a Far aday \MMM‘“W@W
present specification, the term"ion" neans "positive ion". on
of the Related Art A related-art Faraday device is illustrated im9¥FP'g. 5.
The Faraday device conprises a mask 4, a Faraday cup 12, a suppressor

el ectrode 10, and a posi Be¢ggbbaadebdcttheddn&enthenmask 4 h ﬁe 6
for defining an area (configuration) 20 of an ion beam 2 paammﬂmmmmnﬂwm

t he aper triree b.c fTheFamaday i 12 receives the ion beam 2 havi assed

t hrough the aperture & and neasures the beam current of the ion beam The

suppressor el eaicogecdnt Si oVt g hetarentbhe Faragay Jip A2 wanent he mask
4 and in the vicinity of the Faraday cup 12. The positive 25 bias el ectrode

8 is providled Beryeened Her SHPNL R Sheektode dn idP Bdd the Rsknd. The

mask 4is usually connected to ground (ground potential part). Positive
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nmeasur ed by, .far anple, a current _neasuring_instru t_ 14 cqonnected to
t he Fara&%&gﬁﬂ&gﬁ?&y,thépresent1nventlonre9atestx>@%%raday%ev1ce

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 ionbeam 2 having passed through the aperture

6 and measures the beam current 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



10 The suppressor electrode 10 applied with the negative vol tage prevents
el ectrons derived froman upstreampart, i . a . , the beamline of the ion
beam 2, fromentering the Faraday cup 12. The suppressor el ectrode 10 al so
noves back to the Faraday cup 12 the secondary el ectrons which are emtted
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 beamcurrent neasurenment. The positive bias el ectrode
8 appl i ed Qviand thke posskide voltage is provided when an anount of | ow
energy ion, which 20 is not negligible, is contained in the beamline of
t he i on beam 2.Thma pbdiits weuabl ¥ agenattebeoppsiind é gbbasdglodertdce
functions to nove back the | ow energy ion upstream Such the function
prevent s wawct) | owcarierigye vens abreorwdalsragpaotets ofrdund hei Ordpgiinald beam
current neasurenent. 25 Around the ion beam 2, due to a collision of the
ion beam £rom 22 apdsatiesi guak @amerelRAiH@NSI @ntoi GRS bR iGERRr Hied t o
produce a plasma 20a. This plasna is called a beam plasnma. The beam pl asma
20a besconeshighes 4N eeaNtvatiOhads avdesr eesphbcyacdugeiinhe jkeam line
of the ion beam 2 beconmes 5 lower (i © a . , the gas pressure becones
hi gher) . : MAFIT t I Neam i ~ j e
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vicinity of the%acpﬁég%e é);gae%he surface of the mask 4, the ion beam 2
Sk to
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voltage prevents electrons derived from an 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
voltage is provided when an amount of low energy ion, which
20 is not negligible, is contained in the beam line of the ion
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 error
in the original beam current measurement.

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



concentration. Accordingly, even if the positive bras electrode 8 is
provided, if the plasma 20 containing the beam pl asma 20a and 20 the pl asna
20b becones higher in concentration, it reaches the positive bias el ectrode
8 as shown in Fig. 5. If the plasma 20 reaches the positive bias el ectrode
8, the plasma 20 is influenced by the negative voltage of the suppressor

el ectrode 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 3 20

t owar d t hexrfeha agay doap d2s by leh&rpegatrid/gouslaraggené r & hed Suppr edisoe

el ectrode 10, and is incident on the Faraday cup 12. As a result, a part of
the ion 22pohshhe2pkasnBh?d phasmaeasucedl by &heekar adagymeup 12, in
addition of the beamcurrent of the ion beam?2 to originally be neasured,
and an_ error rBeCsgeehlidsniaheobeost e s entgHeasur esebent BUEMBRY 5§ the

I nvention 10 An object of the present invention is to prevent the ions,

whi ch arg &@gi@é nedl Jardiie drearepbasier and dheH asmpagnes atedohdst he
vicinity of the surface of the mask, fromentering the Faraday cup, and

t her epy §8wé§dld£.ee an &{d Qs PriBsuPEAR LML LN Ur et gedped Faraday
device of the present 1 nvention conprises magnets for developing a nagnetic
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10 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

15 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
proviaed, if the plasma 20 containing the beam plasma 20a and

20 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 (cone of a great number of ions

25 22 istypicallyillustratedin Fig. 5) is drawn out of theplasma



25 cup. Therefore, an error in the beamcurrent neasurenent is 4

mnimzed. Brief Description of the Drawings Fig. 1 is a cross sectional

vi ew showi ng a Faraday device 5 according to the present invention; Fig. 2
is a plan view showi ng the Faraday device; Fig. 3 is a cross sectional view
show ng anot her arrangenent of magnets used in the Faraday device; Fig. 4
is an enlarged sectional view show ng a structure 10 contai ning the magnets
in the Faraday device of Fig. 1; and Fig. 5 is a cross sectional view

showi ng d0r ébaeed- ahe Faraday depite.bDetlé¢|reg@eséei pelibagefofheheénventi on
15 Fig. 1 is a cross sectional view show ng a Faraday device according to

t he presenppiresenti ehecEirgde21Ds angl am vnewdefittiwe Haealayadeyicep Sane
portions will be designated by sane reference nunerals in the related art
illustrated in Fig. 5. Description will be given placing enphasis on
different 20 portions. In the Faraday device, a pair of magnets 30,
polarities of whi ghraggleppesphettoreard odbher2 &f echurpeasha tbheisask 4.
The magnets 30 are di sposed across the aperture 6 of the mask 4. The

megnet s 3Aadayelopy aneegaekhgyidgl dowhiChdas td2ndh 8iHbukad aeFosstthe
aperture 6 in the vicinity of the aperture 5 6 of the mask 4. Lines of

magneti cokorge by tihe. eangl i ifidield & g deghgnaked Buqrghecepse pyneral
32. Although it Is not always necessary to bury the nmagnets 30 in the mask
e

4 as in Egh§egn@gdEﬁgnbeahhgugg%hgggggggg%ﬁa @ 5 are preferable since there

is no chance that t I'on beam the sma 20 hit the magnets 30
thereby sputtering the nagnets 30. The magnets 30 nay be el ectromagnets.
Preferably, the magnets 30 are permanent magnets, which are easy to handl e.

10 In this enbodi ment, th%se are p&r %réer}tnvréa nets. As shown in Fig. 4,
each of the magnets 30 is pfacéd Sic

10 An object 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 error in the beam current
measurement.

15 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 apercure.

A beam plasma and a plasma generated in the vicinity of
the mask 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 not reach the positive
bias electrode. As a result, a chance is 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 beam current measurement is



that two magnetic poles (N, S ) are vertically arranged (i . a .

arranged along a direction in which the the ion beam 2 passes through). The
reason for this will be described later. The 15 direction of magnetic field
lines 32 in this exanple is opposite to that of the magnetic filed lines as
shown in Fig. 1. To avoid the disturbance of the nmagnetic field devel oped
by the magnets 30, parts and nenbers | ocated near the magnets 30 are
preferably nmade of non-magnetic material. In this 20 enbodi nent, the mask
4, positmyeihiasdel ectrode 8, suppresser electrode 10 and the Faraday cup
12 are made of non-magnetic materials. In a case where the suppresser

el ectrode 10, the Faraday cup 12 and the |like are |located far fromthe nmask
4, those may be made of other nmaterials than the non-magnetic 25 material.

The non-nmagnetic materi als o3 @edOri ®Xa0R! 6 6he BLWNIRYY non-nmagnetic
stainless steel, and nol ybdenum In the Faraday device, the beam pl asma 20a

and the pl asrraF%Q_t) 1%%%( %rr%@lsi é‘eé@?oz‘{éfiv'lie'wysﬂﬁwmg Sehlagg Ol ie mask 4
0 , the p

as the result ion beamcollision, viz . asma 20 Consisting 5 of

t hose p'QéHB?dihé E%a?ﬁgdﬁgéﬁgg% %gg@gkﬁgnﬁield generated in the vicinity

of the apeéerture 0 re specifically, the electrons and ions
of the plasnma go :hgke th agng&ewng'ga.whi%ﬁes?iEalgy %%HVEHQ around t he
magnetic field rPnes 33.°IR Sartlcular, the ef'éc Poﬁg Fevol ve %dr ound t hem
10 with the snﬁll sp%ral radi us. Thereéore the elecirons are hard to nove
across the maghefic Tiefd Fi 68552, STRERCTAE &% r SASVAPE tFRPPEE t he
ions are also electrically attracted, by %he trapped el ectrons, so that the
i ons ar e®haFA9EB Ve LaBPERE L EhESAflghBt Fef FEFddPYnEEVagS /Wi h this
mechani sm the_15 plasma 20 is trapped by the nagnetic field, and fails to
reach the posiFife ditds2RISUGFE 8RR HELPY &SY1PT RS HIYRLYEE t he
concentration, an intensity of the magnetic field is increased

cor A&sporei kgl pingbEBeekagheys tndehether pday il ol ehgel of theapdsitive

Fig. 5 is a cross sectional view showing a 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 portions 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 is

25 distributedacrosstheaperture6inthevicinityof the aperture



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 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
sone extent, 7 the attraction of the electrons to the positive bias

el ectrode 8 is reduced, which is negligible. Were the plasma 20 is
prevent ed §ff amegei sl 4.0 theepost tiavmdiiiasfekreetosDdheBmbynthecnboakdi c
force, the positive voltage 5 of the positive bias electrode 8 acts on the
pl asma 2QrtogdaBYEnbaek bhere@asechbet hamplkasme220 to a position upstream of
the positive bias electrode 8. Accordingly, a chance is reduced that the

ions of the pl ASPRcEInAl € iy awR QUfa by ﬁé&é‘@ﬂ@%it\éﬁb\ﬁ@yt a8 Righbes
suppressor electrode 10 and incident on the 10 Faraday cup 12. As a result,

an errorspn t hg, %@M5§n$%r@ﬁ%lre%@%@tin@fnt®%wbagiee%sggeggaﬁr@2 i's

reduced. Thus, the positive bias electrode 8 functions to reduce the error

in the bsg@ ﬁgg%ggggﬁagwﬁwﬁep&f?azwr&ﬁgnwetﬂl?@ 9’?@”1%%2&%\?'.& as the

magnetic tre uch an éffect is nore renarkabl e when aday

the i on B8dncoei 1750 2R Che Nedin B1Ehn 2om =t i By & g nithe T

concentrationt iﬁ easy to occur, as in the case of the ion doping
appar at U22938 %nPe one Faraday device is used in the enbodi nent nentioned
above, a pluraljty of Faraday devices nmay be used as_shown in Fig. 2 (in
this case, thelFarBeEReHeitIeYaPE Si?SEéBEaQPBESby §¥3g$r?b$¥'tﬁ%eFig. 2
case, a pluralitg of slit-shaped apertures 6 are arranged side b¥ﬁside for

one nasktadnefpesfnghetReoBaneR brk2ehepdset tBurfed) e hY ateth@edt fat each

slit is |located 8
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 directionofmagnetic field lines 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 ar;a 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 from the mask 4,

those may be made of other materials than the non-magnetic

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



bet ween the two adj acent nmagnets 30. Reference nuneral 32 is magnetic field
| ines. The Faraday cups 12 are di sposed on a position downstream of the
array of the apertures 6 (in Fig. 2, only one Faraday cup 12 is typically
illustrated). The 5 positive bias electrode 8 and the suppressor el ectrode
~10, in this enbodinent, are shaped |ike plates and used comonly 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 magnet are horizontally 10

arr angeda{pménumar pangedonkbag atdinéessoatped pendidcuicaybdenive directi on
in which the ion beam 2 passes through). The arrangenent of the nmagnets in
Fig. 1 is norelpréfeFabkdayhdavide ahedrgenpitbsima EDg.arll theeYaason f or
this follows. In the Fig. 1 arrangenent of the nmagnets, the magnetic field
i nes 15282 expardtdéd in pos viedntupsgt o farh©fsudeamsit 4heAneekdingd y, the
plasma 20 is trapped at a position |ocated nore apart fromthe mask 9 in

the upst tpamediuiecs £ abn Jdet ebanesibhe @ angeesita &ha bhe-dranet sngrakes it
nore difficult for the plasma 20 to nove to the positive bias el ectrode 8.

20 Asg segp from the i £90i NG A@$eld Bl PRe Rafeam pl ASEBY &rplaga
generated in the vicinity of the mask surface as the result of ion beam

col | 151 oy %1 appedt by, e mmanetie, £ ele Whichydevel gped n b, vici ity

of the aperture of the plasna. Hence, beam plasnma and t he asm

gener at e LD 23:L ey vi Gl Dby ol e, fBsk, sULacR: Ao gt Loagh,Lhg, posi ti ve

bias 9 Therefore, "a chance I's reduce the 1ons cont ai ned
1 L1 PLRTHR: AEG UM AL oD 15 A5R 0 NPLLAGEL R LR S RS
current f%r?ggrgfr?ntlﬂ Spa5rtrgcn1;lrgrz,edt'he electrons revolve around themnm
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 Dbias 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. 1In 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,



10 What is clainmed is: 1. A Faraday device conprising: a mask having an

aperture

aperture;

sai dnask,

vol t age; taﬁdaatlp@q:tl@m afaghets! ¢ of I oy &lcopha s Wagielila s pékdthadeng a

for determning an area of an ion beam passing through said

said positive bias electrode being applied with a positive

5 a Faraday cup for receiving the ion beam passing through said
mask; a suppressor el ectrode di sposed between said Faraday cup and said
mask, said suppressor electrode being applied with a negative voltage;

positive bias el ectrode di sposed between said suppressor el ectrode and

10 a

direction crossing said aperture of said mask in the vicinity 15 of said
aperture8 2s TeeuEadadayidéviice negddrdiolg.to claim 1, wherein said nagnets

are buri

aperture.

magnet s

ed in said mask while said nagnets are di sposed across the

20 3wnhéthe trayptaymdeviicepaccondedd rom ¢banhantd, tivhpoeinisai d
are el ectromagnets. 4. The Faraday device according to claim1,

wherei n 25 $akdcpBgRELSS A5 @ S MaRet igeets, the pbsithecFabadayedevice
according to claim1, wherein each of the magne ~s i s arranged such that

two ragnets enRGES: @ & diangedcakeng @ fAidLeh eneci PLabhshd kY hepebeam
passes 5 through. 6. The Faraday device according to claim 1, wherein each

of the magngl $:S; ahtanged,sucy dialyd wo BaGASLIG ROLBS 1kemAbianged al or g

a direction perpendicu

t hr ough.
has a sl

10

15

20
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that the ions of the plasma 20 are drawn out by the negative
voltage of the suppressor electrode 10 and incident on the
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.

Such an effect ismore 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 easy to occur, as in the case
of the ion doping apparatus.

While one Faraday device 1is used in the embodiment
mentioned above, a plurality of Faraday devices may be used
as shown inFig. 2 (in this case, the Faraday devices are arranged
side by side). In the Fig. 2 case, a plurality of slit-shaped
apertures 6 are arrangedsidebyside foronemask 4. Themagnets

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

ar toa direction 10 in he ion . 0eam passes
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arrangement of the magnets in Fig. 1 is more preferable than
the arrangement in Fig. 3. The reason for this follows. 1In
the Fig. 1 arrangement of the magnets, the magnetic field lines

15 32 expand to a position upstream of the mask 4. Accordingly,
the plasma 20 1s trapped at a position located more apart from
the mask 4 in the upstream direction. Therefore, the
arrangement of themagnetsmakes itmoredifficult for theplasma
20 tolmove to the positive bias electrode 8.

20 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

25 the vicinity of the mask surface do not reach the positive bias
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a pair of magnets for developing a magnetic field having

a direction crossing said aperture of said mask in the vicinity

15 of said aperture.

2. The Faraday device according to claim 1, wherein
sald magnets are buried in said mask while said magnets are
dispoged across the aperture.

20
3. The Faraday device according to claim 1, wherein

sald magnets are electromagnets.

4, The Faraday device according to claim 1, wherein

25 said magnets are permanent magnets.
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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.
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