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Technical Field

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

lon 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 1s a
non-mass-separation system using an ion beam for ilon
doping without ion mass separation or a magnetic filter
system using a magnetic filter for simple reduction in
ratio of lighter 1on species (for example, hydrogen ions)

in a plasma generating portion of an ion generator.



ratio of lighter ion species (for exanple, hydrogen ions) in a plasna
‘generating portion of an ion generator. 2 For exanple, in an ion doping
apparatus for a semconductor, hydrogen-diluted phosphine (PH3) or

di borane (B2H6) is used as plasma-generating source gas for an ion
generator, which generates not only desired PH, and B2H, but also ion
species such as H,, P2Hz and BH, in the plasm generating portion, a m xed

beam of such iPér sm@mpse beingafXibaciarb fifdnapperptasme generati ng
portion. Such existence of the ion species other than the desired ones
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show an exanple of an ion mass separator for_an ion beam_smaller in size.
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(not shomnl are extracted and accelerated by ion extraction el ectrodes 3
plasma generating portion, a mixed beam of such ion

specles 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.

Meanwhlle, 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 lon extractlion electrodes 3
into an ion beam 4 which i1s guided to a small-sized,
vacuum lon deflectlion pathway 5 via an inlet 6 at one end
thereof. Arranged outside of an intermedliate portion of

the ion deflection pathway 5 1s an electro-magnet 8



into an ion beam 4 which is guided to a snall-sized, vacuumion deflection
‘pathway-5 via an inlet 6 at one end thereof. Arranged outside of an
internmedi ate portion of the ion deflectsion pathway 5 is an el ectro-magnet
8 3 conprising an iron core 7a with a solenoid 7b wound thereon. As shown
in Fig. 2, magnetism generating portions 9 of the electro-magnet 8 are

adj acent to the ion deflection pathway 5. lons (charged particles) in the

i on beancdmppieiny @ghiidr coreddid acitlvna padheayid t7b weardve bendi ng
action in directions perpendicular to directions of magnetic field lines G

in a nagnehégebhnt! dasOlsHdwh eileckig- Mynafaghet L dmageasulalt firitpt the ion
beam4 is bent in the ion deflection pathway 5. In this respect,
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peri pher al portlon of _the |on defl ection Pathma 5 for se aration. This

enabl es dﬁ??e ve bending action in directions perpendicular to
dlrections of magnetic field lines G in a magnetic fileld
of the electro-magnet 8 with a result that the ion beam 4
is bent in the 1on 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 lons 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 lons 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-out ion beam 4 from the l1on 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 irradlation to a substrate 12 to be dealt



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-out ion beam 4 fromghe ion nmass separator 1 is used
in an ion dopi ng 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 4 wwth is effected to inplant the ions into the substrate

12.  In tyethonsdeFfegtedatat implant ahelopong iatef fidnd esuboveatenl2,
extensive surface of the substrate 12 through novenent of the substrate 12

or electrigatnh&Caom r&ﬁnghsﬁph%twrm% fweaeﬁinign idesppa¥eeaent i oned
I on mass separator 1 using the electro-magnet 8 having the iron core 7a
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magni t ude, X oL the ion beam4 in Fig. 2 in the direction of curvature
radi us med°BePPAY &xsed to some extent by increasing in size the

el ectro-magnet 8 while w dthwi se. nmagni tude Y shown vertically in Fig. 2
cannot be incrBgyeyer. in the above-mentioned ion mass separator

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 the
ion deflection pathway 5 for generation of the uniform
magnetlc 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
portlions 9 to be increased as shown in Fig. 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 l1on beam 4. Thus, there have been no



More specifically, increasing the wi dthwi se nagnitude Y would require

"spaci ng between the nmagneti smgenerating portions 9 to be increased as

shown in Fig. 3; such increased spacing between the magneti sm generating
portions 9 would lead to failure of formng an uniform nmagnetic field in

the ion
lines G

defl ection pathway 5 due to deformation of the magnetic field
outside, resulting in nonuniformbent of the ions and failure

of
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problems in the conventional apparatuses and has its object to provide an
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pathway in the formof conductor nmeans which is conposed
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al ong the curved contour; an ion beamintroduced between the conductors at

separator and an ion doping apparatus, enabling uniform

ion mass separation in an ion beam larger in size.

Summary of The Invention

Arranged outside of an ilon deflection casing with a
curved contour and having an inlet and an outlet 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 ion
mass separation so that a magnetic field which is uniform
widthwise can be formed even 1f 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-quality ion beam which 1is
broader in width and uniformly ion mass separated.

Moreover, ilon doping can be effected by such high-
quality ion beam unlformly lon mass separated and having

no extra ion species so that implantation depth



the inlet is bent in the ion deflection casing for ion mass separation so
‘that a magnetic field which is uniform w dthw se can be forned even if the
ion deflection casing is of a shape brgader in width. As a result, the ion
beam Dbroader in width can be bent uniformy widthwise, resulting in
obtaining the high-quality ion beamwhich is broader in width and
uniformy ion mass separated. Moreover, ion doping can be effected by such
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Brief Description of Drawings

Flg. 1 1s a schematlc side view of a conventional ion
mass separator and ion doping apparatus;

Fig. 2 is a view looking in the direction of arrows
II in Fig. 1;

Fig. 3 1s 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 i1nvention;

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

Fig. 6 1s a partial detalled view of an 1nlet shown
in Fig. 4;

Fig. 7 1s a view looking in the direction of arrows
VII in Fig. 6; and

Fig. 8 is a schematic diagram showing an embodiment



portions of an el ectro-magnet shown in Fig. 2; Fig. 4 is a sectional side
"vi ew showi ng an enbodi nent of an ion nass separator and ion doping
apparatus according to the invention; Fig. 5 is a perspective view show ng
a spiral formation of conductor nmeans; Fig. 6 is a partial detailed view
of an inlet shown in Fig. 4, Fig. 7 is a viewlooking in the direction of
arrows VIl in Fig. 6; and Fig. 8 is a schematic di agram showi ng an

enbodi mrend £ 7aot raplerzapis¥al dabreente patiiatdyay. Best Mobde for Carrying Qut
the Invention Preferred enbodi ments of the invention will be described in
conjunction with drawings. Fig. 4 is a schematic view showi ng an ion nass
separator 14 and an ion dopi ng apparatus 15 using the sane according to

the invensiop MBaehisdy r@éf‘f?ﬂﬁ% oierde 1hhvERRQLAS an ion generator with
a plasma generating portion;” and 17, an ion deflection casing. The ion
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provide a broa space which I'na direction
perpendlcgégér&%e@ n conjunction with drawings.

Flig. 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 1s 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
generator 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 1s arranged outside of the ion
deflection casing 17 and 1s 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



of the drawi ng. The substantially fan-shaped contour has |inear end
“portions which provide an inlet 18 and an outlet 19, the inlet 18 being
conpected to the ion generator 16. Theginlet 18 and the outlet 19 are
angul arly di splaced with each other by, for exanple, 0 90 for deflection
of the ion beam4 with the greater angle. Conductor nmeans 20 is arranged
outside of the ion deflection casing 17 and is conposed of a spiral

f or mat i onrcunfedorpotentss asit sholvy ImadEgspad tanddshwitdteerdby pr edet er m ned
intervals, the spiral formation running through the inlet 18 and the
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providing a hollow exciting current pathway 21 which is broader in the
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In the fan-shaped current pathway 21A shown in Fig. 4,
the spiral formation is provided by sequentially
interconnecting, via connectors 22, outer arcuate
conductors 20a arranged at required 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 204 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 1s in the form of rod and
comprises a conductive core 23 and an outer conductor
portion 24 for surrounding the conductive core 23,
delionized water being supplied between the conductive core
23 and the outer conductor portion 24. Isolation material
25 at the connectors 22 provides isolation between the
conductive core 23 and outer conductor portion 24 while

the respective outer conductor portions 24 are



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 |inear portions 20° in the inlet 18 and the 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

conduct orel@éettriealldd fitevcontadited e thatdebyi vhiedi® €Bectdeconi zed
wat er bei ng supplied between the conductive core 23 and the outer

conduct orpeeht@B12%4 £ 15998 ahbPNotleKdit ingdScdtrbie pAYIRFAPr 8122 provi des
| sol ati on between the conductive core 23 and outer conductor portion 24
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arranged fﬁ%?ﬁgﬂc%%?jhhﬂ?aéna 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
204 in the outlet 19 shown in Fig. 4 is provided at its
opposite sides (left and right in the figure) with
shielding members 28 which partly block off interspaces
between the linear conductors 204 to leave an ion
extraction port 29.

The l1on 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 lon mass separator 14 may be



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 fromeach other and overlapped wgh the linear conductors 20c.
Arranged adjacent to the outlet 19 are ion acceleration electrodes 27.
Each of the |inear conductors 20d in the outlet 19 showmn in Fig. 4 is
provided at its opposite sides (left and right in the figure) with

shi el di ngemprbged 4% Vdn Clopadbbinky epaxfdtust E6Spheae dpér@eiohBe |inear
conductors 20d to | eave an ion extraction port 29. The ion deflection
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Next, the mode of operation of the above embodiment
wlll be described.

In the ion mass separator 14 shown in Fig. 4, ions
generated in the plasma generating portion 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
lon deflection casing 17 of the fan-shaped current pathway
21A and undergo bending by the action of the hollow
exciting current pathway 21. The lon beam 4 thus bent is
extracted and accelerated by the ion acceleration
electrodes 27 at the outlet 19 to be taken out outside.

It 1s also accelerated by the linear conductions 204 at
the outlet 19.

As shown in Fig. 4, the hollow excliting current

pathway 21 is arranged outside of the l1on deflection

casing 17 and 1s constituted by a widthwise spiral

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



Next, the node of operation of the above enbodinment wll be described. In
‘the ion mass separator 14 shown in Fig. 4, ions generated in the plasm
generating portion in the ion generatof;16 are extracted and accel erat ed
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 ion deflection casing 17 of the

f an- shapetheuinget (& hawd o@tRAeand suraisl gol begdihe lyurnved acdonhbouaf, t he
hol l ow exciting current pathway 21. The ion beam 4 thus bent is extracted

and accelwif¢érdibudshecd ofopftRbehamayhettl €ctiadas widtiin tfigeOlibhet 19 to
be taken out outside. It is also accelerated by the |inear conductions 20d
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current pathway 21A. In this connection, the outer
conductor portions 24 surrounding the conductive cores 23
in the conductor means 20 are electrically 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;
ions with mass greater than that desired fail to be fully
bent, collide with a larger-radilus side inner peripheral

portion of the ion deflection casing 17 and are



drawing of Fig. 4. As a result, this magnetic field has strength which is
*uni form wi dt hwi se of the fan-shaped current pathway 21A In this
connection, the outer conductor portiops 24 surrounding the conductive
cores 23 in the conductor means 20 are electrically 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 nmédtrdgneed by bewe heaieeldaing hebeéerond craginssitesi god in the
fan-shaped current pathway 21A, which is uniformw dt hwi se, causes ions in
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and uni form w dt hwi se of the fan-shaped current pathway 21A and to be bent
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by the neutralizing electronic supplies 30. As a result, only ions with
desired mdtlgkok? Martly having the shielding members 28, desired
ions can be further accurately separated for take-out by
selecting a size and a position of the 1on extraction port
29 and selecting strength of the magnetic f£ield 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 1s 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 1s ilrradiated 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 ilons 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

lon beam 4 broader in width -enables il1on doping to be



solid lines are led to the outlet 19 at the other end of the ion

*defl ection casing 17. Since the ion extraction port 29 is provided by the
| i near conductors 20d at the outlet 19ypartly having the shielding nenbers
28, desired 1ions 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,

accor di ngetf Petliedalomer nent értedsiiee Mssa S£par sudisthhté hezhighaqual ity
ion beam 4 which is larger in size and particularly broader in wi dth and
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apparatus 15 using the ion mass separator 14, an ion beam 4 generated in

the ion Sratild ¥ idfeBY undergo operations such as convergence as
need dengﬁgs?aang t hen %s ?rrgdiated Wi th scanning onto a substrate 12 to
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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 trapezoldal 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 20d 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 ilon doping implantation depth
distribution of ions can be made uniform and extra thermal
load is prevented from being 1lmparted to a substrate. The

ion beam broader in size enables ion doping to be effected



effected over an extensive area of a substrate 12 in a single operation,

‘t hereby substantially inproving operation efficiency. The sectional shape
of the hollow exciting current pathway(21l is not limted to be
substantially fan-shaped as shown in Fig. 4 and nmay be vari ous;
preferably, it is at least of a shape which allows deflection with a
greater angle (for exanple, 90'). The conponents of the conductor neans
20 arrangedegt anh@xtdeéiié apdaowil &f shiobptedeeallny a pywgues |inear
portions 20'. Fig. 8 shows an enbodi nent wherein the hollow exciting
current Q@béfﬁ!i%%)5%beé69€§ﬁb§%hd¥ﬁdf€%_iﬂﬁk@ﬁ%ﬁénéb&fbﬁhohas | onger -
and shorter-side conductors 20e and 20f ich in turn are interconnected
at their gpds.iydy near conductors 20c and 20d at the inlet 18 and outl et
19. Such a structure also has functions simlar to those of the fan-shaped
current pathway 21A shown in Fig. 4. Industrial Applicability An ion beam

| arger in size can be uniformy mass separated so that upon ion doping

i npl antation depth distribution of ions can be nmade uniform and extra
thermal load is prevented frombeing inparted to a substrate. The ion
beam broader in size enables ion doping to be effected



14 over an extensive area of a substrate in a single operation, thereby
substantially inproving operation efficiency. 15 Clains: 1. An ion nass
separation process characterized in thatga hollow exciting current pathway
in the formof conductor neans is arranged outside of an ion deflection
casing wwth a curved contour and having an inlet and an outlet, said
conduct or neans bei ng conposed of a w dthwi se spiral formation of

conduct orgr1aumei:ng through the inlet and outlet and al ong the curved
contour, thereby formng a magnetic field in the ion deflection casing
which is wuniformw dthw se, an ion beam bei ng i ntroduced through between
the conductors at the inlet into the ion deflection casing 17 so as to be

bent ther g1 n REPRON Ao NN ARES 8 LONT I, AALAAL R ARARCLAg el d

t hrough oW exXcl curren € 1ron béam esired
Ton mass SRbLPHT SRS SHFEBAT PATTHAY (LR chier ol S hoPPBRNEEAT i ng
current pathway in the formof conductor neans arranq?d outside of an ion
defl ecti gpeans” i1s arranged outside of an ion deflection casing with
a curved contour and having an inlet and an outlet, said
conductor means beling 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 i1on beam with

desired mass being taken out through between the

conductors at the outlet.

2. An lon 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
outlet, said conductor means being composed of a widthwise
spiral formation of conductors running through the inlet

and outlet and along the curved contour, ion extraction



casing wwth a curved contour and with an inlet and an outlet, said
“conduct-or neans bei ng conposed of a widthwi se spiral fornmation of
conductors running through the inlet apg outlet and along the curved
contour, ion extraction 16 el ectrodes arranged adjacent to the inlet, an
ion generator adjacent to the ion extraction el ectrodes and ion

accel eration el ectrodes arranged adjacent to the outlet. 3. An ion mass

separ at ore pgeerdides taxrrangsiladgert eto zeHei Anllleat, eachieh the
conductors conprises a conductive core and an outer conductor portion

surroundi §8nesait®rC YWHEEENE €6F @hd N eSRELALYE oWl e SORIEEEORNGPOr ti ONS
being electrically interconnected to shield electric potential of the

hol | ow exgl i 08 GYIdHaY | HRt BYBY £ gt APPaHﬁéd?%&?ra%él{t aESOchleng to claim
2 characterized in that the conéﬁctors at the inl'ét and outlet provides

| i near port'gn%. 5. An ion mass separator according to claim 2

character?&t €' that the hol | ow exciting 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.
3. An lon mass separator according to claim 2

characterized in that each of the conductors comprises a
conductive core and an outer conductor portion surrounding
said conductive core, the respective outer conductor
portions belng 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 exclting 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



6. An iion mass separator according to claim2 characterized in that the
hol | ow -exciting current pathway 17 is a trapezoidal current pathway which
conpri ses longer- and shorter-side condygtors and |inear conductors
arranged at the inlet and outlét for connecting ends of the |onger- and
shorter-side conductors. 7. An ion nmass separator according to claim?2
characterized in that the conductors at the outlet are partially shielded
by shi el disgamtmiagrexzdibdd bavaraentopatlakay owhiphr tconthr #e 5 0l offgey -
separator according to claim2 characterized in that the ion deflection

casi ng hagnawséboiwWese- ¢ 16" coRduRAdr P "En@VEL neaeh Wn ke €9rexherdhged
neutralizing electronic supply for neutralizing space charge of the ion

beam 9. Ap igR depidw &waaaw%tcwﬁc&%ﬁéséih@ teh?&sa&eieﬂﬁalaﬁ‘r@ 1SS

separated by an ion mass separator according to “any one of ¢ o8

I's irradial§d hQ.q 051 48! Eoh@hctd¥l | P antation.

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

take-out port.

8. An 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 according to
any one of claims 2 to 8 1s irradlated to a substrate for

ion implantation.



