1 2 8 JUN 2005 DESCRI PTI ON PROCESS FOR | ON MASS SEPARATI ON, | ON MASS
SEPARATOR AND | ON DOPI NG APPARATUS Technical Field The present invention
relates to an ion nass separation proces$s, an ion nmass separator g 3n

i on dopi ng apparatus, enabling stable nmass separation in an ionzgg M 2005
| arger in size and particularly broader in width. Background Art Ion

dopi ng or inplanting apparatuses have been used for adding el ectroactive
el enments to a sem conductor or addppgCRIPTION an additive to a substrate
for adhesive joining of hardly adhesive material to the substrate. Up to
t he present, however, there have been no ion mass separating, ion doping
apparatus using an ion beam larger in size (for exanple, 300 mm X 800 mm).
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system using “an eam f or W't hout ‘i'on nass separation or a
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generating portion of an ion generator. 2 2 8 JUN 2005
Technical Field

The present invention relates to an ion mass
separation process, an ion mass separator and an ion
doping apparatus, enabling stable mass separation in an

ion beam larger in size and particularly broader in width.

Background Art

Ion doping or implanting apparatuses have been used
for adding electroactive elements to a semiconductor or
adding atoms of an additive to a substrate for adhesive
joining of hardly adhesive material to the substrate.

Up to_the present, however, there have been no ion
mass separating, ion doping apparatus using an ion beam

~ larger in size (for example, 300 mm X 800 mm).

Conventionally employed in ion doping apparatuses is a
non-mass-separation system using an ion beam for ion
doping without ion mass separation or a magnetic filter
system using a magnetic filter for simple reduction in
ratio of lighter ion species {(for example, hydrogen ions)

in a plasma generating portion of an ion generator.



For exanple, in an ion doping apparatus for a sem conductor,

hydr ogen-di | uted phosphi ne (PH3) or diborane (B2H6) is used as

pl asma- generating source gas for an ionggenerator, which generategnéiN 7005
only desired PH' and BZHx but al so ion species such as H, P2Hx and BHx in
the plasma generating portion, a m xed beam of such ion species being
extracted fromthe plasma generating portion. Such existence of the ion
speci es ot her Fhan dshempeei,r ds amnesonv dbpliead dpp@rptabl €mrofa
nonuniformty in inplantation depth distribution of P and B through ion

dopi ng asguRlilc AP PHLD! BREfod P28 1 08 e@X ipirosMSi AR (PHOJd OO a
substrate. Accordingly, it "has been desired to pronptly eéstablish
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i on mass separator 1, ions generated in a plasm eneratkﬁg portion (not
shown) arB:Helact8Cad®actRe et 8feUSY ih Bt rEatki 8% Bt Adddh® into
an ion beam4 which is guided to a small-sized, vacuumion deflection
pat hway Splasmen genherabialg @urihdn,t bemdofed Areamged swmadi deonf an
i ntermedi ate portion of

species being extracted from the plasma generating portion.

Such existence of the ion species other than the desired

ones will lead to a problem of nonuniformity in

implantation depth distribution of P and B through ion

doping as well as a problem of imparting extra thermal

load to a substrate.

Accordingly, it has been desired to promptly
establish technique for stable mass separation in an ion
beam larger in size and particularly broader in width.
Meanwhile, there have been envisaged ion mass

separators for ion beams smaller in size. Figs. 1 and 2

show an example of an ion mass separator for an ion beam

smaller in size. In this ion mass separator 1, ions

generated in a plasma generating portion (not shown) are

extracted and accelerated by ion extraction electrodes 3

into an ion beam 4 which is guided to a small-sized,

vacuum ion deflection pathway 5 via an inlet 6 at one end

thereof. Arranged outside of an intermediate portion of

the ion deflection pathway 5 is an electro-magnet 8



the ion deflection pathway 5 is an el ectro-nmagnet 8 3 28 JUN 2005
conprising an iron core 7a with a solenoid 7b wound thereon. As shown in
Fig. 2, magnetism generating portions 93of the el ectro-nmagnet 8 ar%
adjacent to the ion deflection pathway 5. lons (charged particl es)2 .#’W@S
ion beam 4 nove through the ion deflection pathway 5 to receive bendi ng
action in directions perpendicular to directions of magnetic field lines G

in a mgnebmpri®iflg ah tike:el @steo7aRgnath & Wéhedohasuly whahat he ion
beam4 is bent in the ion deflection pathway 5. In this respect,
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pat hway 5 for separation whereas ions with nmass_greater than that desired
fail to b8efdiast bent PEAEWRY |7 de T#RH Achpxiafd -RaBFiSlesSde 4hnkhe ion
peri pheral portion of the ion deflection pathway 5 for separation. This
enabl es ohkegm thrmevedthamiglhy bheadosl dreftlsic biohopajdded®ratton
el ectrodes 10 at the other end of the ion deflection pathway 5 and to be
t aken out relvedingh Benddhletadtiiodhént dderemitti o0s peampehdiraunl dhetioon mass
separator 1 -
directions of magnetic field lines G in a magnetic field
of the electro-magnet 8 with a result that the ion beam 4
is bent in the ion deflection pathway 5. In this respect,
generating a strong magnetic field can cause the ion beam
4 to be bent with a greater deflection angle (90" in Fig.
1) with a result that ions with mass less than that
desired are bent earlier and collide with a smaller-radius
side inner peripheral portion of the ion deflection
pathway 5 for separation whereas ions with mass greater
than that desired fail to be fully bent and collide with a
larger-radius side inner peripheral portion of the ion
deflection pathway 5 for separation. This enables only
targeted ions to be accelerated by ion acceleration
electrodes 10 at the other end of the ion deflection
pathway 5 and to be taken out through an outlet 11.
The take-cut ion beam 4 from the ion mass separator 1
is used in an ion doping apparatus where operations such

as convergence of the ion beam 4 may be effected as needs

demand and then irradiation to a substrate 12 to be dealt



I's used in an ion dopi ng apparatus where operations such as convergence of
the ion beam4 may be effected as needs demand and then irradiation to a
substrate 12 to be dealt 4 28 JUN 2005 Mith is effected to inplantg time 25
ions into the substrate 12. In the ion doping apparatus 13, ion doping IS
effected over an extensive surface of the substrate 12 through novenent of
the substrate 12 or electrical scanning of the ion beam4. However, in the
above- nenkiehed s oof fraes eskepar atmpl dntudiheg idres eirtor dheagebs 8radiei Ag .t he
iron core 7a with the solenoid 7b wound thereon, magneti sm generating

portions Pnoknlde; &heabpanPHHaBatist 138 ahmcespihg tite efpacdefl ection

pathway 5 for generation of the uniform magnetic field lines Gso as to

forma stable and sLropd: vBRUGHESch 8l iy Lepdipdref itheipgulnam 4;
ude F

t herefore, “fmagnit of the 1on beam4 in Fig. 2 in the direction of

curvature radi us mmay_be increased (o me__exten lLNC¢reasi I NeSi t he
eIectro-dﬁﬁﬁ&?%?ﬁm¥Fe%Rth %ﬁfa%ﬁgiﬁt&ﬁa%f%%gg%ceér%Qéﬁﬁgggngﬁi55
cannot be increased. More specifically, increasing the w dthw se magnitude

Y woul d £88uie@®plci ng bet ween the nagneti sm generating portions 9 to be

I ncreased as shown in Fig. 3; such increased %facing bet ween the nmagneti sm
generati ng However, in the above-mentioned ion mass separator 1

using the electro-magnet 8 having the iron core 7a with
the solenoid 7b wound thereon, magnetism generating
portions 9 of the electro-magnet 8 must be adjacent to thé
ion deflection pathway 5 for generation of the uniform
magnetic field lines G so as to form a stable and strong
magnetic field for bending of the ion beam 4; therefore,
magnitude X of the ion beam 4 in Fig. 2 in the direction
of curvature radius may be increased to some extent by
increasing in size the electro-magnet 8 while widthwise
magnitude Y shown vertically in Fig. 2 cannot be increased.
More specifically, increasing the widthwise magnitude Y
would require spacing between the magnetism generating
portions 9 to be increased as shown in Filg. 3; such
increased spacing between the magnetism generating
portions 9 would lead to failure of forming an uniform
magnetic field in the ion deflection pathway 5 due to
deformation of the magnetic field lines G outside,
resulting in nonuniform bent of the ions and failure of

obtaining a stable ion beam 4. Thus, there have been no



portions 9 would lead to failure of forming an uniform magnetic field in
the ion deflection pathway 5 due to deformation of the nagnetic field
lines G outside, resulting in nonunifor& bent of the ions and faijgugN ofog
obtaining a stable ion beam 4. Thus, there have been no 5 2 8 JUN 2005 1o0n
beam 4 | arger in size and uniformy ion nmass separated since increase of
the w dt hwi se nagnitude Y is unavail able. The present invention is nmade to
sol ve suchopr ®dams4 larges cdonvebtéonald appafermiys iamd ness i sepeljpded t o
provi de an ion nmass separation process, an ion mass separator and an ion

dopi ng appanhalelSin€palkien® UNHOrWidt B iRS ms@pat aBe0lY iins agnavailleate .
| arger in size. Summary of The Invention Arranged outside of an ion

defl ection casipg ng@sénth&w% 0L ARGIAVS NPo el Bhitih ApHoBNemdt | et
is a hollow exciting current pathway 1n the formof conductor neans which

I's conposed Qf a widihw.se spiral forgatiaon ' . Q e.l.nl et and
out | et an&na&&ﬁ; ?ﬂ%vﬁ‘&;\}é)d"ﬁbo%f’%ﬁ%?%ns%Sonarg%%glgg%&(%u%%ﬂe%gt f€en the
conductors at the inlet is bent in the ion deflection casing for ion nass
separ at i ORTSY ¥4fatan &anéﬁﬁﬁfﬁ%Pﬁrﬁﬁﬁﬂ?iRF?ﬁﬁ?ﬁerqM%ﬂmmﬁggscan be
formed even if the ion deflection casing is of a shape broader in w dth.
As a resubepanate¢pynapdamn ion doping apparatus, enabling uniform

ion mass separation in an ion beam larger in size.

Summary of The Invention

Arranged outside of an ion deflection casing with a
curved contour and having an inlet ané an ocutlet is a
hollow exciting current pathway in the form of conductor
means which is composed of a widthwise spiral formation
running through the inlet and outlet and along the curved
contour; an ion beam introduced between the conductors at
the inlet is bent in the ion deflection casing for icn
mass separation so that a magnetic field which is uniform
widthwise can be formed even if the ion deflection casing
is of a shape broader in width. As a result, the ion beam
broader in width can be bent uniformly widthwise,
resulting in obtaining the high-guality ion beam which is
broader in width and uniformly ion mass separated.

Moreover, ion doping can be effected by such high-
guality ion beam uniformly ion mass separated and having

no extra ion species so that implantation depth



broader in width can be bent uniformy widthwi se, resulting in obtaining
the high-quality ion beamwhich is broader in width and uniformy ion nass
separated. Moreover, ion doping can be egfected by such high- quali&yuﬁmlls
beam uniformy ion mass separated and having no extra ion species 3

I npl antation depth 6 2 8 JUN 2005 distribution of ions can be made uniform
and extra thermal load is prevented frombeing inparted to a substrate.
The ion deemrimaadesn i of widinls erabl ee madedapiinfpro bedefebartadtbeemadn
extensive area of a substrate in a single operation, thereby substantially

| nprovi ng; gRAr ald WrevéhteaeFBom Bié eh gDempairid N 6f aDsaWsgsatég. Thés a
schematic side view of a conventional 1on mnass separator and ion doping

apparatus; of! e ' SadbeWirOUIdith | EnbBied! 121 | @OphgllicMBe |1 1N FI 0.

1; Fig. 3 1's an explanatory view W ng a state o spaci ng bei ng
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mass separator and ion dopi ng apparatus _according to the invention;
operation, thereby substantially improving operation

efficiency.

Brief Description of Drawings
5 Fig. 1 is a schematic side view of a conventional ion
mass separator and ion doping apparatus;

Fig. 2 is a view looking in the direction of arrows
IT in Fig. 1:

Fig. 3 is an explanatory view showing a state of
spacing being increased between magnetism generating
portions of an electro-magnet shown in Fig. 2;

Fig. 4 is a sectional side view showing an embodiment
of an ion mass separator and ion doping apparatus
according to the invention;

Fig. 5 is a perspective view showing a spiral
formation of conductor means;

Fig. 6 is a partial detailed view of an inlet shown
in Fig. 4;

Fig. 7 is a view looking in the direction of arrows
VII in Fig. 6; and

Fig. 8 is a schematic diagram showing an embodiment



Fig. 5is a perspective view showng a spiral formation of conductor

nmeans; Fig. 6 is a partial detailed view of an inlet showmm in Fig. 4; Fig.
7 is aviewlooking in the direction of Grrows VII in Fig. 6; an?ﬂﬂﬂi?ﬁ%
is a schematic di agram show ng an enbodi nent 7 18 JUN 1005 of a
trapezoi dal current pathway. Best Mdde for Carrying Qut the Invention
Preferred enbodi nents of the invention will be described in conjunction
with drawhgs. tEiapezpidad surart PatkWa¥howi ng an ion nmass separator 14
and an ion doping apparatus 15 using the sane according to the invention
in which reference nuneral 16 denotes an ion generator with a plasma
generating portion; and 17, an ion deflection casing. The ion deflection

casing 17gshewmdde i dabayidg VibStaREi ahkerroshaped side contour to
provi de a broader space which is long in a direction perpendicular to

plane of the grawieidedhemBpRIMANEAIdY 180" 3B%RaM fORt QY gy |1 near end
portions which provide an 1nlet and an outlet 19, the inlet 18 being
connecteds L0 LHeddP % n I8R50 %k i En' QikGlosH4nd the outlet 19 are

Fig. 4 is a schematic view showing an ion mass
separator 14 and an ion doping apparatus 15 using the same
according to the invention in which reference numeral 16
denotes an ion generator with a plasma generating portion:
and 17, an ion deflection casing.

The ion deflection casing 17 shown in Fig. 4 has a
substantially fan-shaped side contour to provide a broader
space which is long in a direction perpendicular to plane
of the drawing. The substantially fan-shaped contour has
linear end portions which provide an inlet 18 and an
outlet 19, the inlet 18 being connected to the ion
generatoxr 16. The inlet 18 and the outlet 19 are
angularly displaced with each other by, for example,

90" for deflection of the ion beam 4 with the greater
angle.

Conductor means 20 is arranged outside of the ion
deflection casing 17 and is composed of a spiral formation
of components mutually spaced apart widthwise at

predetermined intervals, the spiral formation running

through the inlet 18 and the outlet 19 and along the



angul arly displaced wwth each other by, for exanple, 90 for deflection of
the ion beam4 with the greater angle. Conductor neans 20 is arranged
outside of the ion deflection casing 178and is conposed of a spiral
formati on of conmponents mutually spaced apart w dt hwi se at prede?@r“Wﬁ@@
intervals, the spiral formation running through the inlet 18 and the
outlet 19 and along the 8 2 8 JUN 2005 curved contour as shown in Figs. 4
and 5, thenekedramdony ashaHom ekui Figg .cur raamd pat Kheyrety which is
broader in the direction perpendicular to the plane of the draw ng. Thus,

t he hol | oprexgidiny &uhbenlowaiivbyind cai@wht pitBwad PIOWNSEShais
fan-shaped current pathway 21A. In the fan-shaped current pathway 21A shown

in Fig. 4probleSPidalnboTRld MNds PELYERRH Ay S£AH8NENR Ip1ane of the

i nt erconnecting, via connectors 22, outer arcuate conductors 20a arranged

at required_interval.g and tside ,of a larger-radi | d i f the
i on defl e@ﬂﬂg ngc'asiT%bui?, gﬁﬁnéro(iélrogua?’é %ggaﬁc{%g‘r%sez% §FE§% dnza
required intervals and outside of a smaller-radi ys side _portjon ofgagg i on
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required intervals for formation of linear portions 20" in the inlet 18
and t he In the fan-shaped current pathway 21A shown in Fig. 4,

the spiral formation is provided by segquentially
interconnecting, via connectors 22, outer arcuate
conductors 20a arranged at reguired intervals and outside
of a larger-radius side portion of the ion deflection
casing 17, inner arcuate conductors 20b arranged at
required intervals and outside of a smaller-radius side
portion of the ion deflection casing 17, and linear
conductors 20c and 20d arranged at required intervals for
formation of linear portions 20’ in the inlet 18 and the
outlet 19.

As detailedly shown in Figs. 6 and 7, each conductor
of the conductor means 20 is in the form of rod and
comprises a conductive core 23 and an outer conductor
portion 24 for surrounding the conductive core 23,
deionized water being supplied between the conductive core
23 and the outer conductor portion 24. Isclation material
25 at the connectors 22 provides isclation between the
conductive core 23 and ocuter conductor portion 24 while

the respective outer conductor portions 24 are



outlet 19. As detailedly shown in Figs. 6 and 7, each conductor of the
conductor neans 20 is in the formof rod and conprises a conductive core
23 and an outer conductor portion 24 fo# surrounding the conducti f @
23, deionized water being supplied between the conductive core 2% A@g ﬁﬁe
outer conductor portion 24. Isolation material 25 at the connectors 22
provi des isolation between the conductive core 23 and outer conductor
portion 2dlwhkitlrdcdhkyr ¢speatdormected tondhetmybposhiedsd 2A ectrdc2 8 JUN
2005 electrically interconnected to thereby shield electric potential of

the holl gﬂbﬁé‘ﬁittjjem} &H1 £8et HATWRYe 41 t A% oS tairé it Fpgthhay ezuir ed
spaci ng I's provided between each of the |inear conductors 20c and 20d at

the inlet 18 gnd ts:19%.i f \ tar ;16 {4 duced
'nle 3d SR 1A0F 160N T b IR EOR AN 8T 116 gy 104! oduce

into and out of the 1on ion casing 17 through such spacings S.

shown in Fig. 4, arr e tween the linear d or | n_{ he, i.nl et
18 and thgeigﬁ'ﬁed‘enee?% nglg%e\zgﬁe“}% -Ilcfgtlal%?lgﬁoglg‘{rgg%:i gﬁdg%gocér%gegh% so
as to be positioned in a relationshig spaced apart from each othﬁr and

over | appedPhelth 1hea P nedt 1edndutt of 8P80E X OFY rtg'EFgeHOEdjg%‘&ﬁa‘E%rt & 838 et

19 are ion
introduced into and out of the ion deflection casing 17

through such spacings S.

As shown in Fig. 4, arranged between the linear
conductors 20c in the inlet 18 and the ion generator 16
are rod-like ion extraction electrodes 26 so as to be
positioned in a relationship spaced apart from each other
and overlapped with the linear conductors 20c.

Arranged adjacent to the outlet 19 are ion
acceleration electrodes 27. Each of the linear conductors
20d in the outlet 19 shown in Fig. 4 is provided at its
oppesite sides (ieft and right in the figure) with
shielding members 28 which partly block off interspaces
between the linear conductors 204 tec leave an ion
extraction port 29.

The ion deflection casing 17, which constitutes the
fan-shaped current pathway 21A, has widthwise opposite
inner ends along each of which extends a neutralizing
electronic supply 30 in the form of, for example, filament
for neutralizing space charge of the ion beam 4.

The above-mentioned ion mass separator 14 may be



accel eration el ectrodes 27. Each of the linear conductors 20d in the
outlet 19 shown in Fig. 4 is provided at its opposite sides (left and
right in the figure) with shielding merffers 28 which partly bIockfijszﬁ
i nterspaces between the linear conductors 20d to | eave an ion extraction
port 29. The ion deflection casing 17, which constitutes the fan-shaped
current pathway 21A, has w dt hw se opp05|te I nner ends al ong each of which
ext ends aemplibyald zimgan efieot dopiing uapPgraguisn Yhe/horm GPeTBFieRanpl e,
filament for neutralizing space charge of the ion beam 4. The

above- nensheneds WbrwEEgenRe alfortid pey beaid £, SHUKNh2(GE5 manpl oyed in
an ion doplng apparatus 15 where operations such as convergence of the ion

beam 4, woigh % $ERANACGhd s t BEpL PR tHASSL FEPRAG Ble Il £ dBYebea
effected as ﬁgeéﬁ?dﬁﬁand aﬁd t hen |rrag|at|on to a sugstfete 12 ?o beS

dealt with | f ecte I Rl an n th
node of d%%? i i héggbgegﬂﬁ :E%Q%%%EEOh'Hﬁ)Sg dgg%?%%ﬂ%ﬁ ﬂ% Fﬁgﬁkon ©
mass separator 14 shown i | ons generating

portion i€k voth geﬁeFEFS#%ﬁ9éﬁ% é%?%§8t cceE éﬂe y the ion

substrate 12.

Next, the mode of operation of the above embodiment
will be described.

In the ion mass separator 14 shown in Fig. 4, ions
generated in the plasma generating pertion in the ion
generator 16 are extracted and accelerated by the ion
extraction electrodes 26 at the inlet 18, introduced,
while accelerated by the linear conductors 20c, through
the spacings S between the linear conductors 20c into the
jon deflection casing 17 of the fan-shaped current pathway
21A and undergo bending by the action of the hollow
exciting current pathway 21. The ion beam 4 thus bent is
extracted and accelerated by the ion acceleration
electrodes 27 at the outlet 19 to be taken out outside.
It is also accelerated by the linear conductions 20d at
the outlet 19.

As shown in Fig. 4, the hollow exciting current
pathway 21 is arranged outside of the ion deflection
casing 17 and is constituted by a widthwise spiral

formation (Fig. 5) of conductor means 20 running through



extraction electrodes 26 at the inlet 18, introduced, while accelerated by
the linear conductors 20c, through the spacings S between the |linear
conductors 20c into the ion deflectionid¢asing 17 of the fan-shape r ent
pat hway 21A and undergo bendi ng by the action of the holl ow exci?ﬂ§§ﬁ2ﬁﬁ
current pathway 21. The ion beam 4 thus bent is extracted and accel erated
by the ion acceleration electrodes 27 at the outlet 19 to be taken out

out si de. Hhei $nalkto B cahdr atddely Xheahdnedongorithetconyedodantoghie
outlet 19. As shown in Fig. 4, the hollow exciting current pathway 21 is

arr anged o 81dq @fad Neoi 8B8raLd imdgneasicng ieh @ndithigonstd tived by a
w dt hwi se spiral formation (Fig. 5) of conductor nmeans 20 running through

\%klﬂ (Z:ﬁ ﬁga'\édéngcfﬁ%% i@éiiﬂ? 1%“%9#3111 %aégmﬁﬁq‘éﬂwgfiggdcwi\/rf‘éjs contour,

orm ng gnetic freld within the ion deflection casing

17 which has netic, fjeld Lines. extendin i i S n endi ar to
t[]e pl aﬂeev\’ﬁfegﬁ n%r%étﬁwéfeﬁa&d fe]/%gegdrlggmatd% %i ghgagjr%gdﬁ% ‘??e?gkhas
strengt ich is uniformw dthw se of the fap-shaped current t.hway 21A.
In this cdRAddnG Rt thidouler PEofdd&? Bor??’&ﬁs et Sukdi® { t}h%sy
conductive cores 23

strength which is uniform widthwise of the fan-shaped

current pathway 21A. In this connection, the outer
conductor portions 24 surrounding the conductive cores 23
in the conductor means 20 are electricaily interconnected
to shield electric potential of the fan-shaped current
pathway 21A so that any voltage potential difference in
the fan-shaped current pathway 21A exerts no influence on
beam trajectory.

Thus formed magnetic field in the fan-shaped current
pathway 21A, which is uniform widthwise, causes ions in
the ion beam 4 to receive bending force in accordance with
mass thereof and uniform widthwise of the fan-shaped
current pathway 21A and to be bent uniform. As shown in
dot lines in Fig. 4, ions with mass less than that desired
are bent earlier, collide with a smaller-radius side inner
peripheral portion of the ion deflection casing 17 and are
neutralized by the neutralizing electronic supplies 30;
jons with mass greater than that desired fail to be fully
bent, collide with a larger-radius side inner peripheral

portion of the ion deflection casing 17 and are



I n the conductor nmeans 20 are electrically interconnected to shield
electric potential of the fan-shaped current pathway 21A so that any
voltage potential difference in the fan2shaped current pathway 21@Bqﬁﬁwh®
no influence on beamtrajectory. Thus forned nmagnetic field in th
fan-shaped current pathway 21A, which is uniformw dt hw se, causes ions in
the ion beam 4 to receive bending force in accordance with mass thereof
and uni f cieuwrdliwes® W the hawtstwmlpezlingueienttpaibheayuppl izsl 39. be bent
uniform As shown in dot lines in Fig. 4, ions with nmass | ess than that

desired are bgst aedddrt, COhllydQ oMd it Bmakkairad@diass SkHowWmney
peripheral portion of the 1on deflection casing 17 and are neutralized by

the neut r@&ﬁhﬂ&ﬁﬁﬁ{g@i cURR) 135 3Pt 1BRNS IMAD FRES ¥HRAL &ndhap that

desired fail to be ent, collide wth a |arger-radius side inner

peri pheral. porti f the ion _defleciion LN 7 and a 8 JUN 2005
neutral i gtelaebfloph%neréu‘??gf‘f’?i &§S r&tﬁ)hi cggﬁﬁﬁlgitég gioodn Aégg}r%ecgtu Cfn] only
ions with desired mass shown by saqalid lines are |ed to tg% outle% 19 at
the ot herP@FE 8P IhPTenifed bt itdie chiPRgT1FOTGYRECT fie 406h &%t thti on

port 29 is provided by the linear conductors 20d at the outlet 19 partly
havi ng t heuthesdl dighgpartdbir bavdnglddi¢ eghielding members 28, desired

ions can be further accurately separated for take-out by
selecting a size and a position of the ion extraction port
29 and selecting strength of the magnetic field of the
conductor means 20.

Thus, according to the above-mentioned ion mass
separator 14, the high-quality ion beam 4 which is larger
in size and particularly broader in width and is uniformly
ion mass separated can be taken out.

In an ion doping apparatus 15 using the ion mass
separator 14, an ion beam 4 generated in the ion mass
separator 14 may undergo operations such as convergence as
need demands, and then is irradiated with scanning onto a
substrate 12 to be dealt with so as to implant the ions to
the substrate 12. Because of the ion beam 4 being
composed only by desired ions including no extra ion
species, implantation depth distribution of ions can be
made uniform upon ion doping and extra thermal load is
prevented from being imparted to the substrate 12. The

jon beam 4 broader in width enables ion doping to be



r(,-ions can be further accurately separated for take-out by selecting a size
and a position of the ion extraction port 29 and selecting strength of the
magnetic field of the conductor neans 20. Thus, according to the 2§ JUN 2005
above-nentioned ion nmass separator 14, the high-quality ion beam 4 which
Is larger in size and particularly broader in wdth and is uniformy ion
mass separated can be taken out. In an ion doping apparatus 15 using the
i on mass efEpatetiovielr, an estebsdvel apeedrafe@ SHRHEradR AessiD skpar at or
14 may undergo operations such as convergence as need denmands, and then is

irradi at egdimglh SHNYoRNt eharetbssulaseah? itad lye treprowviinch so as to
inplant the 1ons to the substrate 12. Because of the ion beam 4 being

conposed‘ﬂgéyagxogpsigﬁgcigﬁgyanIuding no extra ion species, inplantation
dept h distribution of ions can be nmade uniform upon ion doping and extra

thermal |oad i revent r | [ r t r The
I on beam 4 bro'g Slro Sl%r?etrv&%?%ie%g% (%s%%onﬁg%p%ﬁglkg; %%L%Hgﬁg %Bﬁrjz%lo%
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of the hollow exciting current . .
as shown in Fig. 4 and may be various; preferably, it is
at least of a shape which allows deflection with a greater
angle (for example, 90° ). The components of the conductor
means 20 arranged at the inlet 18 and outlet 19 preferably
provides linear portions 20°'.

Fig. 8 shows an embodiment wherein the hollow
exciting current pathway 21 is a trapezoidal current
pathway 21B which has longer- and shorter-side conductors
20e and 20f which in turn are interconnected at their ends
by linear conductors 20c and 204 at the inlet 18 and
outlet 19. Such a structure also has functions similar to

those of the fan-shaped current pathway 21A shown in Fig.

4.

Industrial Applicability

An ion beam larger in size can be uniformly mass
separated so that upon ion doping implantation depth
distribution of ions can be made uniform and extra thermal
load is prevented from being imparted to a substrate. The

ion beam broader in size enables ion doping to be effected



pathway 21 is not |limted to be substantially fan-shaped as shown in Fig.
4 and may be various; preferably, it is at |east of a shape which allows
deflection with a greater angle (for exanple, 90(err) ) . The coppomenirs
of the conductor means 20 arranged at the inlet 18 and outlet 19
preferably provides linear portions 20'. Fig. 8 shows an enbodi nent
wherein the hollow exciting current pathway 21 is a trapezoidal current
pat hway 2d&ewhiaeh ebaiseh onger araud choat snbsitde teonducaossnglBe and 20f
which in turn are interconnected at their ends by linear conductors 20c

and 20d ajpihgthidre! dfedB8y @WtadPiaPgh iamprdwiChyr epairexdes functions
simlar to those of the fan-shaped current pathway 21A shown in Fig. 4.

Industriggfégghg% jlity An ion beamlarger in size can be uniformy mass
separated’ s at  upon ion doping inplantation depth distribution of ions
can be made uniformand extra thermal |oad is prevented from being

inparted to a substrate. The ion beam broader in size enables ion doping
to be effected 14 2 8 JUN 1005 over an extensive area of a substrate in a
single operation, thereby substantially inproving operation efficiency.



15.29g JUN2005 dCdains: 1. An ion nass separation process characterized
inthat a hollow exciting current pathway in the formof conductor neans
is arranged outside of an ion deflectiomgasing with a curved cothﬂm @mp
having an inlet and an outlet, said conductor neans bei ng conpos

wi dt hwi se spiral formation of conductors running through the inlet and
outl et and along the curved contour, thereby formng a nagnetic field in
the ion g fl.ection casing which is uniformw dthw se. an i on beam bei ng

i nt roduc g‘?ﬁ?%Ugh bet ween the conductors at the inlet into the ion

defl ection casing 17 so as to be bent therein depending upon nmass of ions
by action of the magnetic field through the hollow exciting current

pat hway, the ion beamw th desired nmass being taken out through between
the conducters adnt heoutbepar2tiAm ipnomess svparacéercheg @cier t2éd ith
that it conprises a hollow exciting current pathway in the form of

conduct of, JTBANS BKIANGEH s Oulugida Of p #thiver def | €Bi @ rcast ngoniddt oxur ved
contour and with an inlet and an outlet, said conductor mneans being

.CorrposedmOfana\:i W&.gt i Se. -SRI ToRl+ £ DE&BL EoR 0f s CONEUGHQISt { YANLRG ity aughnt he

inlet andoutlel an glong the curved contour, thereby formng a
a curved contour and having an inlet and an outlet., said
conductor means being composed of a widthwise spiral
formation of conductors running through the inlet and
outlet and along the curved contour, thereby forming a
magnetic field in the ion deflection casing which is
uniform widthwise, an ion beam being introduced through
between the conductors at the inlet into the ion
deflection casing 17 so as to be bent therein depending
upon mass of ions by action of the magnetic field through
the hollow exciting current pathway, the ion beam with

desired mass being taken cut through between the

conductors at the ouvtlet.

2. An ion mass separator characterized in that it
comprises a hollow exciting current pathway in the form of
conductor means.arranged outside of an ion deflection
casing with a curved contour and with an inlet and an
cutlet, saidAconductor means being composed of a widthwise
spiral formation of conductors running through the inlet
and outlet and along the curved contour, thereby forming a
magnetic field in the ion deflection casing which 1is

uniform widthwise, ion extraction electrodes arranged



magnetic field in the ion deflection casing which is uniformw dthw se,
ion extraction electrodes arranged 16 Z 0 JUN 2005 adjacent to the inlet,
an ion generator adjacent to the ion exgraction electrodes and iﬁﬂ%$ 2005
accel eration el ectrodes arranged adjacent to the outlet. 3. An io @g
separator according to claim2 characterized in that each of the
conductors conprises a conductive core and an outer conductor portion
surroundi ng said conductive core, the respective outer conductor portions
being electrically interconnected to shield electric potential of the

hol | ow ex¢iacegtcupr éhe palkwayan 4onAgsneratay sephaaedr Becbh8i ANt o

claim 2 ,eharact sp é?&:‘c?o@@%t ah*&e 1%%%‘!:%‘1%3;&\361&@ elOLetoand outlet

provi des T hear port nmass separ at or accordlng to claim?2
char act exrzangéd adaacehe helt@w @mmhﬂnng current pathway is a fan-shaped
current pathway which conprises outer and .inner arcuate conductors and

| i near conductors arranged at the inlet and outlet for connecting ends of
the arcuate conductors. 6. An ion mass separator according to claim 2
characterized in that the hollow exciting current pathway 17 2 8 JUN 2005

3. an ion mass separator according to claim 2
characterized in that each of the conductors comprises a
conductive core and an outer conductor portion surrowvnding
said conductive core, the respective outer conductor
portions being electrically interconnected to shield

electric potential of the hollow exciting current pathway.

4. An ion mas separator according to claim 2
characterized in that the conductors at the inlet and

outlet provides linear portions.

5. An ion mass separator according to claim 2
characterized in that the hollow exciting current pathway
is a fan-shaped current pathway which comprises outer and
inner arcuate conductors and linear conductors arranged at
the inlet and outlet for connecting ends of the arcuate

conductors.

6. An ion mass separator according to claim 2

characterized in that the hollow exciting current pathway



is a trapezoidal current pathway which conprises |onger- and shorter-side
conductors and |inear conductors arranged at the inlet and outlet for
connecting ends of the |longer- and shor{ger-side conductors. 7. Ayg QN JB$S
separator according to claim2 - characterized in that the conductors at the
outlet are partially shielded by shielding nmenbers to | eave an ion
take-out port. 8. An ion nmass separator according to claim2 characterized

in that the iqn defleckign Gasing: hag WAl Ay seni BBGIpENEe pOLbINGRY -OVer
each of WAi Eh%&?%%ﬁgggﬁneut ra 1|gzi gg el eag’i ronic supplpy for neutralizing

space charge of the ion beam_9. An ian pin ppar r ' in
that an #BA 96%%3§1§3€pé}%%18059r§nqno‘ﬂ%%gageggpg%ﬁﬁtgggo?gfﬁﬂ%%& any

one of clains 2 to 8 is irradiated to a substrate for. iop inplantation.
at the inlet and outlet for connecting ends o the Longer-

and shorter-side conductors.

7. BAn ion mass separator according to claim 2
characterized in that the conductors at the cutlet are
partially shielded by shielding members to leave an i1on

take-out port.

8. 2An ion mass separator according to claim 2
characterized in that the ion deflection casing has
widthwise inner end portions over each of which extends a
neutralizing electronic supply for neutralizing space

charge of the ion beam.

9. An ion doping apparatus characterized in that an ion
beam mass separated by an ion mass separator accoxrding to

any one of claims 2 to 8 is irradiated to a substrate for

ion implantation.





