Frrrrer vieer viertr vt vieer vt el rrrr *159159* APPARATUS FOR
| MPLANTI NG AN | ON ON A TARGET AND MEAHOD, FOR THE SAME BACKGROUND OF THE

| NVENTION 5 FIELD OF THE | NVENTI ON The invention rel ate at us
and a nmethod for inplanting ions on a target, and nore mm'm’!’mm,@m@{
" relates to the apparatus and the nethodfor preventing 10 1npuri ns,
which are different fromdesired ions in at |east one of mas¥"Hunber and
energy, frombeing inplanted on a target. DESCRI PTI ON OF THE RELATED ART
|5 Fig. APSARBTHA EX&pPIMPLANZANGAN npOXNONt RoMARGHRAr AN DsMBT Hde rel at ed
art. The ion inplantation apparatus includes an ion source 2 having a

pl asma production chanber 4 foFogl gl csamEi cally extracting 20 ions 8
therefrom a mass segregati on nagnet 10 for selectively deriving specific
ions (which are specified by a mass nunber and val ence) fromthe ions 8
extracted fromthe ion source 2, an acceleration pipe 12 for

el ectrostatical |y accel gaakicR@ou® bensyg darjmefIbom 25 the mass
segregati on nagnet 10, and a nmonmentum segregation I I I I I 1 1 1 1 1 | I I

Llg T FIELD OF THE INVENTION

The invention relates to an apparatus and a method
for implanting ions on a target, and more particularly
relates to the apparatus and the method for preventing

10 impurity ions, which are diffe;ent from desired ions in

at leastoneofmassnumber andenergy, frombeingimplanted

on a target.

DESCRIPTION OF THE RELATED ART
15
Fig. 2 shows an example of an ion implantation
apparatus of the related art. The ion implantation
apparatus includes an ion source 2 having a plasma
production chamber 4 for electrostatically extracting
20 ions 8 therefrom, a mass segregation magnet 10 for
selective;y deriving specific ions (which are specified
by a mass number and valence) from the ions 8 extracted
from the ion source 2, an acceleration pipe 12 for
electrostatically accelerating the ions 8 derived from

25 themass segregationmagnet 10, and a momentum segregation

. RO

*G00002*



FrErrrrrrrrrrrrrr *000002* magnet 14 for selectively deriving the ions

. having a specific nonentum (which is specified by a mass nunber and
energy) fromthe ions 8 derived fromthe acceleration pipe 12. The ion

i npl antation apparatus is constructed 5 so that only the desired ions

- derived fromthe nonentum segregation nmagnet 14 are inplanted on a target

(e.g. substrate such as a sem conductor wafer) 16. The target 16 is held

on a holder 18 at a ground potential. A scanner for scanning ions 8 and

ot hers rMmeagng@ sifowhoar éedmanyebmdneerédrm\/\bbn tileen svomeEni ngh segr egat i on

magnet 14 and the target 16. A path of the ions 8 fromthe outlet of the

i on sourgeeitfd ¢ heothehdem hishi hsl seed i hiadvhguamnmalsanharmbdhe vacuum

chanber is not shown. 15 The ion source 2 includes the plasna production

chanber ainforngenenaticvog phastenand éaréxterdaciricanthel eecreqde £ f 68
extracting the ions B. The plasma production chanber has a positive

potenti ghipandaot.heme aﬂoﬁxmgq I yDbhag@ pér 2pR5 1 ed thersehaivnees froma
DC 20 extraction el ectrode 2 The ions 8 are electrostatically generated

frogmthespl esee BHA cziuqztn@ra@mm@r lfémty ddie; veyt Eagkl @R &/ Ao ukhe
acceleration pipe 12 has a plurality of
segregation magnet 14 are implanted on a target (e.g.
substrate such as a semiconductor wafexr) 16.
The target 16 is held on a holder 18 at a ground
potential. A scanner for scanning ions 8 and others not

10 shown are usually provided begween'the momentum
segregation magnet 14 and the target 16. A path of the
ions 8 from the outle£ of the ion source 2 to the holder
18 is included in a vacuum chamber. The vacuum chamber
is not shown.

15 The ion source 2 includes the plasma production
chamber 4 for generating plasma and an extraction
electrode 6 for extracting the ions 8. The plasma
production chamber has a positive potential, and then
an extraction voltage Vg applied therebetween from a DC

20 extractionelectrode 20. The ions 8 are electrostatically
generated from the plasma production chamber 4 by the
extraction voltage.

The acceleration pipe 12 has a plurality of

electrodes 13. The acceleration pipe 12 has a positive

25 potential, and then a voltage V, 1s applied between an



el ectrodes 13. The acceleration pipe 12 has a positive 25 potential, and
- then a voltage VA is applied between an 2 inlet and outlet electrode 13
froma DC accel erating power source 22. The ions 8 are electrostatically
accelerated by the accelerating voltage V;, so that the ions 8 has target
“energy. 5 Assuming that the valence of the desired ions is ZI, the total
energy ET of the desired ions incident on the target 16 is expressed by

the foll.owi ng equatian.. [Equatiqn 1% Er=(V5_+VAxZi [eV) 7.0 Since the
fol | owi ﬁ@%’gﬁaﬂﬂﬁb’ﬁ%&w#@%ﬁﬁw & o dt Peta GFe t RE vy BaYyeyat i on
magnet 10 and the inlet of the acceleration pipe 12, inpurity ions which
are di SBIERe #fonTiRelaBsi BedricoRd ofdir DRt Aticd iy Redeledadiaked ions in
the ion inplantation apparatus. .15 . (1) The energy accel erated by the
accel er Y bhepi pec lex 3l nharnjetle B¢ \Ghae girit corevbpbisoh hias whirge it he
desired ions collide with a residual gas. For exanple, when doubly
chargedenmmsgare converted into singly charged ions by the charging
conversion, the energy accelerated by the 20 accel eration pipe 12 becones
halsf of that Bsstheisasehaaf the dalkhychef geHei @R idddt Den¥olitage VA is
constant. (2) Were the desired ions are nol ecul ar ions, by
Z1, the total energy E: of the desired ions incident on
the target 16 is expressed by the following equation.
(Equation 1]
Er=(Ve+V)xZ1  [eV)
10 Since the following phenomenon occurs between the
outlet of the mass segregation magnet 10 and the inlet
of the acceleration pipe 12, impurity ions which are
different from the desired ions may be mixed into the
desired ions in the ion implantation apparatus.
15 " (1) The energy accelerated by the acceleration pipe
12 is changed by charging conversion in which the desired
ions collide with a residual gas. For example, when doubly
charged ions are converted into singly charged ions by
the charging conversion, the energy accelerated by the
20 acceleration pipe 12 becomes half of that in the case
of the doubly chaxged ions, if the Voltage Vais constant.
(2) Where the desired ions are molecular ions, by

molecular dissociation, the desired ions change into

different ions. For example, when BF. ions dissociate

|\
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into BF ions and F ions, or B ions and F ions, the BF-



nol ecul ar di ssoci ation, the desired ions change into different ions. For
exanpl e, when BF:. ions dissociate 25 into BF ions and F ions, or B ions
and F ions, the BF2 3 ions no longer are the desired ions. (3) A part of
the ions 8 collides with the nenber which constitutes an apparatus such as
t he vacuum chanber so that atonms or nol ecul es of the nenber are out of the
5 surface of the nmenber by a sputtering to becone inpurity ions. (4) A
part of the ions 8 collides with the nenber which constitutes an apparatus
such asiPRé vecukPmERaAMBere Boet AES 1tshsl @R Smol ecul es deposited on or
inplanted in 1.0 the nmenber during previous operation of the ion

i mpl ant ati on &ppar &k PR eobuthofiohs RFeabér iges add bythepuemerirng to
beconme inmpurity ions. (5) The gas or vapor used to generating plasna in

t he pl ashachr odonctiiotnthanderapb of athe soghsaarttee Ffdowm cdmbatr from t he
pl asma producti on chanber 4 into a passage of the ions 8, and then the

fl own gas ehatapmtons ¢pmnzéecude & hef passagembe it heré ndet 6f the

accel eration pipe 12, or otherwise the flown gas or vapor reacts with the

atpns oL riFRl e W B geneI e €€ O @%ﬁ@tté&i@i@e&m&cﬂiﬁetﬂﬁ?@bw? 20 itens
(3) and (4) thereby to becone inpurity ions. In the ion inplantation
apparat ygnsit 1s not

(4) A part of the ions 8 collides with the member
which constitutes an apparatus such as the vacuum chamber
so that atoms or molecules deposited on or implanted in

10 the member during previous ope-ration of the ion
implantation apparatus are out of the member surface by
sputtering to become impurity ions.

(5) The gas or vapor used to generating plasma in
the plasma production chamber 4 of the ion source 2 flows

15 out from the plasma production chamber 4 into a passage
of the ions 8, and then the flown gas or vapor is ionized
on the passage to the inlet of the acceleration pipe 12,
or otherwise the flown gas or vapor reacts with the atoms
ormolecules generated owing to the phenomena of the above
20 items (3) and (4) thereby to become impurity ions.

In the ion implantation apparatus, it is not
preferred that the impurity ions which are different from
the desired ions in at least one of mass number and energy

are implanted into the target 12 together with the desired

25 ions. Accordingly, adesired implantation characteristic



preferred that the inpurity ions which are different from the desired ions
in at | east one of nmass nunber and energy are inplanted into the target 12
together with the desired 25 ions. Accordingly, a desired inplantation
characteristic 4 of the target cannot be obtained. Therefore, when ion
inplantation with high purity 1is required as’'in the exanple shown in Fig.
2, the nonentum segregation nagnet 14 as descri‘bed above as well as the 5
mass nunber segregation nagnet 10 is provided behind the acceleration pipe
12 in oreerthe derdast onepnpite Hoorsbthaniedy a specific nmomentum

sel ectively. The nonentum segregati on magnet 14 permts the inpurity ions
gener at ed ow rMthe vefheephemeEenonfitpéant@ sbovevithnsigh) pand {R) to be
renoved. The inpurity ions having a different nonentum fromthat of the
desired igneqgai eegeneriat edel axbhe Izhehomnanofi§l)2 anthd Rbmentiwever, in
the inmpurity ions generated by the phenonena of the above itens (3) to (5),

the i mpuédyegdT iONmaPhel- 3at hsf Melsher 196 doxbBgeFagalican Z £awt be
separated and renoved fromthe desired ions by neans of the nonentum

segs egatM@snﬁ@ﬂsterléegwgsa@p@hlx@égh@tt fm 19,81??0%%% 5@%1@ L3¢ de=t he
ght side in Equation™2 (that neans, side of the Equation 2 is
equal or, abeyt 30 £aNabiEe e ihgta&d%zdetéhaag%)e oY the § dpsumed that
having a specific momentum selectively.
The momentum segregation magnet 14 permits the
impurity ions genexated owing to the phenomena of the
10 above items (1) and (2) to be r;moved. The impurity ions
having a different momentum from that of the desired ions
are generated in the Aphenomena of (1) and (2).
However, in the impurity ions generated by the
phenomena of the above items (3) to (5), the impurity
15 ions which satisfy the following Equation 2 cannot be
separated and removed from the desired ions by means of
the momentum segregation magnet 14. This applies to the
case where the left side=theright sideinEquation?2 (that
means, the left side of the Equation 2 is equal or about
20 equal to the right side thereof). Now it is assumed that
My denotes the mass number of the desired ions, Z; denotes
the valence thereof, M- denotes the mass number of the
impurityions at issue, and Z-denotes the valence thereof.

Vg and Vy have been already defined.

25 (Equation 2]



Mr denotes the mass nunber of the desired ions, ZL denotes the val ence

. thereof, M denotes the mass nunber of the inpurity ions at issue, and
Zr - denotes the val ence thereof VF and V. have been already defined. 25
(Equation 2] 5 M (I/E+ G'4)17r = M - b ;al7.c Assunming that Bis a
magnetic flux density, V'r is an entire acceleration voltage, mis a nass,
and q is a charge, the circling radius R of the ions in the nonmentum5

segregat i on n 14 i s, expressed by a follow ng Equation 3. Now,
assuninghﬁﬁgggaﬁﬁg}fﬁ@’id§é nunber of the ions and m- is the mass of a
proton, m= M_nF. Further, Zis the valence of the ions and e is an

el ectron wei gHtSS@mznde that shoi s, eEqEariohi @ Fapki eenfhintyt h¥ri bas with
10 the same MVT/Z provides the same circling radius R [Equation 3] R= B
2mvr /g Theldftdriegs &fcelde mbvenEywdiiane 2 s isatd shaed, and tdeisonment um
segregati on magnet 14, the circling radii 15 of the desired ions and

i npurityaicdresr aee wyea it ol baghs athers, Raof hheaboats be Separated: Erom each
other. As a result, even with the nonmentum segregati on nmagnet 14, the

| NPAri tyséone gast heh maam ¢ ba desiaepreeBe b ¢ 4 fBILARLEG g Ef £ hent ar get
16. This applies to the case where the

3. Now, assuming that M is the mass number of the ions
and m: 1s the mass of a proton, m = M " m;. Further, Z is
the valence of the ions and e is an electron weight, q
= Z2*e. In short, Equation 3 implies that the ions with

10 the same M* Vr/Z provides the same circling radius R.
(Equation 3]
R=B"2mV, ]q
Therefore, if the above Equation 2 is satisfied,
in the momentum segregation magnet 14, the circling radii
15 of the desired ions and impurity ions are equal to each
other, both cannot be separated from each other. As a
result, even with the momentum segregation magnet 14,
the impurity ions aswell as the desired ions are implanted
into the target 16. This applies to the case where the
20 left side = the right side of the Equation 2 (that means,
the left side of the Equation 2 is equal or about equal
to the right side thereof).
A case where the valence Z; of the desired ions and

the valence Z; of the impurity ions at issue are equal

b
N

to each other (i.e. where Z; = 2;) is typical. For example,



20 left side = the right side of the Equation 2 (that neans, the left side
of the Equation 2 is equal or about equal to the right side thereof). A
case where the valence Zr of the desired ions and the valence Zc of the
inmpurity ions at issue are equal 25 to each other (i.e. where Z, = 2r) is
typical. For exanple, 6 both are singly charged ions. In this case, the
above Equation 2 can be represented by the fol | ow ng equation. [Equation

41 Alf I 6,, =MC .. J/ e ion | tation is rried out for the
t ar get %i’%}bna]fﬂe oY D a51getcnel%%|ﬁat 11 he2dé&qi r@be.ahgv as wel |l as

the inmpurity jons wl| be i npl anted into the target, 16. This applies to
the cas&AMfdt EORne 93t LRITRP T BRSPS Pyi BBe(fRAL AvEHE e IPRt L8Pt si de' of
the Equation 10 2 |s equal or about equal to the right side thereof).
Such i mpll&steomni §1not preferable. It can be supposed that the monentum
segregati on net 14 is served as the nmass segregation nmagnet without
prOV|d|dé, Hg+ﬁg §A§egfegat|on magnet 10. However, in 15 such a case, the
above probl em becones nore-serious. |In case the nass segregation magnet 10
i shnot presentf thée dsmpmyliantend ocar s gener At dd betfween hiecheaogieltet (nore
particularly, outlet of the extraction electrode 6) and

16 on the condition of the Equation 4, the desired ions

as well as the impurity ions will be implanted into the

target 16. This applies to the case where the left side

= the right side (that means, the left side of the Equation

10 2 1s equal or about equal to the right side thereof).
Such implantation is not preferable.

It can be supposed that the momentum segregation
magnet 14 is served as the mass segregation magnet without
providing the mass segregation magnet 10. However, in

15 - such a case, the above problem becomes more ' serious.
In case the mass segregation magnet 10 is not present,
the impurity ions are generated between the outlet (more
particularly, outlet of the extraction electrode 6) and
the inlet of the acceleration pipe 12 in this wider range

20 than the above range.
SUMMARY OF THE INVENTION

It is an object of the invention fto prevent impurity

(32
o

ions, which are different from desired iens in at least



the inlet of the acceleration pipe 12 in this wider range 20 than the
above range. SUMMARY COF THE INVENTION It is an object of the invention to
prevent inpurity 25 ions, which are different fromdesired ions in at

| east 7 one of mass nunber and energy frombeing inplanted into a target
together with the desired ions. The nethod for inplanting the desired ion
on the target according to this invention is characterized in 5 that if
the relationship of Equation 2 is satisfied or in Equation 2, the left side
=V ght e T dhes 5f TERE At Gt SRSV OF Fade POE THhdt Fhe 28468 drHtd on
voltage VF is increased and the other thereof is decreased while the

val ue of2 (VX 92tvEQIGERRELYEARL ith ¢ yIB8AEESNtLONY- The apparatus for
inplanting the ion on the. target_ according to the invention is
characteri zed Tive tthethpe fiak| iees aa tdav riohe déeisde §dr ipncodaditig one of
the extraction voltage VE and the acceleration voltage VA and decreasing
t he ot heérargieteatogidienagntat Shdisngntenvaboe is5 affafafteriged in
substantially constant and satisfying the Equation 2. Wen a voltage to be
i ndi easethat técrteaset ixstioaphdyerd BAEYyaAVort e jaboyet Egfdtdbro2 after

vol tage adjustnent is converted into the follow ng Equation 5

in Equation 2, the left side = right side, one of the
extraction voltage Vy and the acceleration voltage V. is
increased and the other thexeof is decreased while the
value of (Vg + Vi) is substantially constant.-

10 The apparatus for implanf&ng the ion on the. target
according to the invention is characterized in that it
includes a control dévice for increasing one of the
extraction voltage Vg and the acceleration voltage Va and
decreasing the other thereof while maintaining the value

15 of (Vg + Vi) substantially constant.and satisfying the
Equation 2.

When a voltage to be increased or decreased is
represented by AV, the above Equation 2 after voltage
adjustment is converted into the following Equation 5

20 or Equation 6, Either method of Equation 5 and Eguation
6 may be adopted.

[Equation 5]
M, AV, —aV)+ (., + 8 Z, M, -V, +AV)/Z.
[Equation 6]

25 M, Ve +8V)+(V, —AVYZ, 2M -V, - AV)Z.



20 or Equation 6. Either nethod of Equation 5 and Equation 6 nmay be
adopted. [Equation 5] Alf, (Equation 6) 25 M{(VS+eV)+(V,-Av)}/7,
*lvic.(V,-ev)/7c S In both cases of Equation 5 and Equation 6, the value
of the left side and that of the right side are not equal to each other.
In this way, as understood fromthe explanation of the above Equation 3, in
the monmentum 5 segregation magnet, since the c¢ircling radius of the
desired ions and that of the noted inpurity ions are made different from
each ot her, tR& bapdrfayeison Eanabé orefmied Edya t hennbnertaimasierg egat i on
magnet to derive selectively only the desired ions which are inplanted
into thef dahgetl.efit GG Ndeedlyd thaksoposkebteghd prieecnrtrd mpur ielgud bns whi ch
,are different fromthe desired ions in at |east one of their mass nunber

and enertgy é#om beiheg i nphantied vay o ashendgetobagetther aidh the
desired, ions. Further, when the above voltage 'is adjusted, since 15 the

val ue ofexpara¥AbnMd£hrhe apewe odghhe 1%t ract i Nt hokiaaen MEnand t he
acceleration voltage VA is kept substantially constant, it Is not necessary
toyary ddigrebatalorenfigief LR Aesinedcions oyt Peqatalogds 08 this
desired ions and that of the noted impur;ty ions are made
different fromeachother, the impurity ions canbe removed
by the momentum segregation magnet to dexive selectively
only the desired ions which are implanted into the target.
10 Namely, it is possible to pre;ent impurity ions which
are different from the desired ions in at least one of
their mass number and energy from being implant*ed into
the target together with the desired. ions.
Further, when the above voltage 'is adjusted, since
15 the value of (Vg + Va) which is a sum of the extraction
voltage Ve and the acceleration voltage Vi is kept
substantially constant, it is not necessary to vary the
total enexgy of the desired ions on the target. For this

reason, the initial ion implanting condition of the

20 desired ions can be maintained.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view showing an exemplary ion

25 implantation apparatus for implementing the running



reason, the initial ion inplanting condition of the 20 desired ions can be
. mai ntai ned. BRI EF DESCRI PTION OF THE DRAWNGS Fig. J. is a schematic view
showi ng an exenplary ion 25 inplantation apparatus for inplenenting the
running 9 method according to this invention; and Fig. 2 is a schenmatic

" view of an exenplary conventional ion inplantation apparatus. 5
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Fig. 1 is a schematic view show ng
an exenplary ion inplantation apparatus for inplenmenting a running nethod
accor di ngettdachi a<EAvedmicons o Rehésr ilmyrenoifng' any with 10 |ike reference
nunerals referring to like parts in Fig. 2 showng a prior art, different
poi nts of thisFigverdtiion af soimemtad jpri viear bfniddl drempilalny expl ai ned
below. in the ion inplantation apparatus, a nmagnitude of the out put
vol t age poodwredi énah dach Dfip danexttriact i HPpatdtupower source 20 and an
accel eration power source 22 is variable. In the ion inplantation, a
control device 24 controls the extraction power source 20 and the

accel erati on power source 22 to increase or decrease the extraction

vol fage V., : outpus ¢RE pTQIR (HE eXEr PR R ROWCENRQ SHEGEs 20 and the
accel eration voltage VA outputted from the acceleration power source-22.
Fig. 1 is a schematic view showing an exemplary ion
implantation apparatus for implementing 2 running method
according to this invention. Referring to Fig. 1, with
10 like reference numerals referf&ng to 1like parts in Fig.
2 showing a prior art, different points of this inventlion
from the prior art will be mainly explained below.
In the ion implantation apparatus, a magnitude of .
the output voltage produced form each of an extraction
15 .'power source 20 and an acceleration power source 22 is
variable. In the ion implantation, a control device 24
controls the extraction power source 20 and the
acceleration power source 22 to increase or decreasé the
extraction voltage V: outputted from the extraction power
20 source 20 and the acceleration voltage V:; outputted from
the acceleration power source -22.
In this ion implantation apparatus, an explanation

will be given of a case where after As ions have been

implanted into a target 16 for a long time, desired BF:

[\
(%3

ions in place of the As ions are implanted.

10



In this ion inplantation apparatus, an explanation w/ll be given of a case
where after As ions have been inplanted into a target 16 for a long tine,
desired BF_ 25 ions in place of the As ions are inplanted. 10 Since As
ions has been inplanted into the target 16 fora long tine, a |arge anount
of As atons or As nol ecules has been deposited on or inplanted in the
menber such as a vacuum chanber which constitutes the ion inplantation 5
apparatus. In case where desired BF_ ions (mass nuriber of 49) wth total
energy of 115 k&Wcsr &5 npPRaft B@SorP & iBBdvatcofdipiten.tmhet @axgedct i on
voltage VE is 40 kV. The acceleration voltage VA is 75 kV. As the'

i mpuri t ylBdimy allonhd iase i enba t gesnounbert 3f a5ymesmun Aemell oviibgst o t he
BF_ ions are noted. It is assunmed that the valence of BF: ions and As ions
is 1. Inheki doasedeposiltedd shderndeplght esi dien of habaeanb&Equaticén 2 (or
Equation 4) are represented by the following 15 Equation 7 and Equation B.
(Equati oas? vﬁlmxdmfcmainN@FMthtNEo#i\é@Péﬁx e40t8)i=hb3mp [ Foavatiem 8] The
right side = M. V., =75 x 75 5625 2() Therefore, if any neans is not
takgn, i QpEQliai’d@@.

In case where desired BF: ions (mass number of 49)
with total energy of 115 keV are implanted on the
above-condition. The extraction voltage Vg is 40 kV. The
acceleration voltage Va is 75 kV. As the impurity ions,

10 the As ions (mass number of 7§5 sputtered owing to the
BF- ions are noted. It is assumed that the valence of
BF: ions and As ions is 1.
In this case, the left side and right side of above
Equation 2 (orEquationd) arerepresentedbythe following
15 - Equation 7 and Equation 8.
[Equation 7]
The left side=M, - (V, +V,) = 49x (40 + 75) = 5635
[Equation 8]

Theright side= M. -V, =75x75 = 5625

20 Therefore, if any means is not taken, in Equation

!

2(or Equation 4), the left side = the right side. The
difference between both sides is as very small as about
0.2 %. Owing to this, the momentum segregation magnet
14 cannot separate the As ions with 75 keV from the BF-

25 ions with 115 keV so that the As ions will be implanted

11



2(or Equation 4), the left side = the right side. The difference between
both sides is as very small as about 0.2 v. Onng to this, the nonentum
segregati on nagnet 14 cannot separate the As ions with 75 keV fromthe BF:
25 ions with 115 keV so that the As ions will be inplanted into the target
16 together with the desired BF_ions with 115 keV. In order to avoid the
above situation, the above voltage adjustnent will be inplenented. For
exanple, the 5 voltage AV.is set for 10 kV, and the extraction voltage VE
i s decr daSERIBV ¢ GABLED o (e tberIvt kY. thacesterarBF i diPnvolittdye V. is

i ncreased by 10 kV to be set for 85 kV. This increasing or decreasing

met hod ddr¥ e$pBrds to the exanple of Equation 5 described above. Thus, the
| eft side and 10 right side of the above Equation 2 (or Equation 4) can be
represented agn erdetr| tw rydEgdathen a® el Eguakitdron 10t heespecta vel y.

[ EQuation 9] The ]eft side =M - (V- + VA =49 x (3 0 + 85 =5635 15

[ Equat i arp 1103 g&hed f ughtmesi tlavicl MBe Ymp FembnXe@h FoG3émahplaerexidt, in
Equation 2 (or Equation 4) , the left side 4 the right side. The

di ff er enges ¢ Agkhawalsug hetpmgen o beh N shees hieS eXM c 42090 vzhecrae&AéS)r e, the

nonment um 20 segregati on nmagnet 14 can sufficiently separate the
Vels decreasedbyl0kVtobe set for 30 kV. The acceleration

voltage Vi is increased by 10 kV to be set for 85 kV. This
increasingordecreasingmethodcorresponds tothe example
of Equation 3 described above. Thus, the left side and
10 right side of the above Equati;n 2 (or Equation 4) can
‘be represented as the following Equation 9 and Equation
10, respectively.
[Equation 9]
Theleft side =M, -(V, +V, )= 49x (30 +85) = 5635
15 [Equation 10)
The right side =M -V, =75x85= 6375
As a result, in Equation 2 (or Equation 4), the left
side  the right side. The difference in the value between
both sides is about 12 %. Therefore, the momentum
20 segregation magnet 14 can sufficiently separate the As
ions with 85 keV from the desired BF; ions with 115 keV.
Thus, only the desired BF: ions can be selectively
implanted into the target 16. Additionally, the total

energy of the desired BF. ions remains 115 ekV.

25 The lower limit of the difference tobe givenbetween

12



ions with 85 keV fromthe desired BF: ions with 115 keV. Thus, only the

. desired BF2 ions can be selectively inplanted into the target 16.
Additionally, the total energy of the desired BF= ions remains 115 ekV. 25
The lower Iimt of the difference to be given between 12 the left side
“value and the right side value in Equation 2 (or Equation 4) depends on a
resolution of the nonmentum segregation magnet 14. Therefore, the limt of
the difference may be |arger than the resolution of the 6_nomentum

segr egatitth rfhet 198 VESL SRR e tHedh byt de| VAL e dnpFaiarEity 5 % or
so. The upper Iimt is not particularly given. As the difference

i ncr eases,(AthE& dUsepheat 4 bridp RS ABneK 8dP s 8diegaifoh heanobe reasm | y

i npl enented nore easily. However, since the difference 10 is n-ot required
to be excegsegelyormcqaghey, fldr. ekagpkéore,hechippbimliitmaf nelyebe 50 % In
contrast to the above case, as nentioned above, the extraction electrode
VE nmay htl f hereased nyy Aveadd rgdre thenl ehs impsaybltdge \&E mMelye be decreased
by AV. This 15 increasing or decreasing nethod corresponds to the exanple

of 4 he ahavenEQualdeyr gatiohinta gibedinentrod hecvpplage tad udwent of

increasing or decreasing the extraction voltage VE and the acceleration

vol tage MAn8g desqiideedrabave $ae Be so. The upper limit is not
particularly given. As the difference increases, the
separation by the momentum segregation can be easily
implemented more easily. However, since the difference

10 is not required to be excessively, actually, for example,
the upper limit may be 50 §.

In contrast to tﬁe above casé, as mentioned above,

the extraction electrode Vg may ke increased by AV and

the acceleration voltage V, may be decreased by AV. This
15 increasingordecreasingmethodcorresponds tothe example

of the above Equation 6.

In this embodiment, the voltage adjustment of
increasing or decreasing the extraction voltage Vg and
the acceleration voltage Va as described above can be

20 carried out through the contrel by the control device
24. However, the voltage adjustment may be carried out
by the other means such as manual setting without using
the control device 24.

Further, also in the case where the mass segregation

25 magnet 10 is not provided and the momentum segregation

13



20 carried out through the control by the control device 24. However, the
vol tage adjustnent may be carried out by the other neans such as manual
setting without using the control device 24. Further, also in the case
where the mass segregation 25 magnet 10 is not provided and the nonmentum
segregation 13 nmagnet 14 is served as the mass_segregati on magnet, as
descri bed above, the method according this i nvenfion can be applied to the
case. In this case,, the inpurity ions generated between the outlet of the

i on sourBadnednd 4 hes %eFﬁﬁétqﬁ e BRES seANHRPLpE TR2HISENoR&d. As
described hitherto, in accordance with this invention, in the nonmentum
segr egat SBACHEGRA 2R viee the ek hefli #gCPAdiing G ithd ndken ¥ banioms and t hat
of the noted inpurity ions are made different fromeach other, the 10
i npuritybéodBPréat Dbl g ehbvedaby -t Ao fbientass segtbgatim@mrirfca\gn:‘edmso derive
selectively only the desired ions which are inplanted into the target.
Nanel y, génesaiosdiddeween phevent lietpurf thhe drsn vdnchcar2 amffehent from
the desired ions in at |east one of their nmass nunber and 15 energy from
bei iig | nphaptech i ntlvet heckdrgeit asnwelilbeas 2 t heedeasitrers, i ons. Further, even
when the above voltage adjustnent is inplenented, since the value of WE +
VA) which is mssdesefr it ex{ tBetite) Vol t ageoYdaditk tieth this
invention, in the momentum segregation magnet, since the
circling radius of the desired ions and that of the noted
impurity ions are made different from each other, the
10 impurity ions can be removed by the momentum segregation
magnet to derive selectively only the desired ions which
are implanted into the target. Namely, it is possible
to prevent impurity ions which are different from the
desired ions in at least one of their mass number and
15 energy from being implanted into the target as well as
the desired ions. Further, even when the above voltage
adjustment is implemented, since the value of (Vg + Va)
which is a sum of the extraction voltage Vg and the
acceleration voltage V; is kept substantially constant,
20 it is not necessary to vary the total energy of the desired
ions incident on the target. For.this reason, the initial

ion implanting condition by the desired ions can be

maintained.
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acceleration voltage V is kept substantially constant, 20 it is not

. necessary to vary the total energy of the desired ions incident on the
target. For-this reason, the initial ion inplanting condition by the
desired ions can be mmintained. 14 WHAT IS CLAIMED I S: 1. An apparatus for
“inplanting an ion on a target, the apparatus conprising: 5 an ion source
for electrostatic ally extracting ions fromthe ion source at an
extraction voltage of VF;, an acceleration deice for electrostatically
extracti H§AThel x€k4EMEP iloh: at an accel eration voltage of Vp; 10 a
nonent um segregati on magnet for selectively deriving desired ions having a
specific nonentumfrom the extracted ions so that the desired ions derived
from the nonmentum segregati on magnet are inplanted on the target; and 15
a control devite inckeagimgr@ahesofothignp bahtdatg en iyaldmget ¥Fgard t he
accel eration voltage Vp, and decreasing the other of the extraction
vol t age Yheantbpheaaeeelymgd+ D8ingal tage VA whil e keeping the value of (VE+

VA) substantially constant and satisfying a follow ng equation A as
fol bows: 20 la¥lion 6¥urde ¥ord elebtroMEticVali¢Cextracting ions
from the ion source at an extraction voltage of Vg;
an acceleration deice for electrostatically
extrgcting the extracted ion at an acceleration voltage
of Va;
10~ a momentum segregation m;gnet for selectively
deriving desired ions having a specific momentum from
the extracted ions so that the desired ions derived from
the momentum segregation magnet are implanted on the .
target; and
15 : a control device increasing one of the extraction
voltage Vg and the acceleration voltage Va and decreasing
the other of theextractionvoltage Vi and the acceleration
voltageVawhile keeping thevalueof (Vg+Va) substantially

constant and satisfyinga following equationA as follows:

20 Mi-Ve+Va)] Zi « Mc Vo Ze

2. The ion implantation apparatus accoxding to
claim 1, wherein the control device increases one of the

extraction voltage Vg and the acceleration voltage Vi by

25 AV and decreases the other of the extraction voltage Vg
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2. The ion inmplantation apparatus according to claim1, wherein the
~control device increases one of the extraction voltage VE and the

accel eration voltage VA by 25 AV and decreases the other of the extraction
voltage Ve 15 and the acceleration voltage V;; by AV while satisfying a
- follow ng equation B as follows: M {(~ -Dr)+(v +1 v)}/7.!1 ~M- (V,~

+A~' ~/7c 3. The ion inplantation apparatus according to claim1, wherein
the control device increases one of the extraction voltage VE and the
accel er aghen thod tageeVs st 1 oW und tdery easdsy tAé ehhér afatihefexhgaction
voltage VE and the acceleration voltage VA by AV while satisfying 10, a
fol | owi n§ éguatdwhnCas quaitioms: BVas{ (Aol s(va-AY) )/ z, *MC (V, -eV)/zc 4.
A nmethod for inmplanting an.ion on a target, conprising the steps of; 15 a)
extracti g, -i{@hs—@%ﬁc(ﬂf’g&sﬂ | Z;ad My - Bf, +et¥)/@xt raction vol tage of Vr; b)
extracting the extracted ion electrostatically at an accel eration voltage
of VA, C) deriving desired ions having a specific 20 nonentum fromthe
extracted ions so that the desired ions are inplanted on the target; d)

i ncpeasing one3of thenexipactmy ¥eth@denVepparatus according to
claim 1, wherein the control device increases one of the
extraction voltage Vg and the acceleration voltage Vp by

AV and decreases the other of the extraction voltage Vg

and the acceleration voltage Vi by AV while satisfying

10- a following equation C-as follows:

Ml '{(VE +AV)+(VA _AV)}/Z/ *Mc '(V,x _AV)/ZC

4, A method for implanting an ien on a target,
comprising the steps of;
15 : a) extracting ions electrostatically at an
extraction voltage of Vg;
b) extracting the extracted ion
electrostatically at an acceleration voltage of Va;
¢) deriving desired ions having a specific
20 momentum from the extracted ions so that the desired ions
are implanted on the target:
d) increasing one of the extraction voltage Vg
and the acceleration voltage Vi and decreasing the other
of the extraction voltage Vg and the acceleration voltage

25 Vi while keeping the value of (Vg + Vi) substantially
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and the accel eration voltage VA and decreasing the other of the extraction
. voltage VE and the acceleration voltage 25 V,5 while keeping the val ue of
(VE, + V;,) substantially 16 constant and satisfying a foll ow ng equation
A as follows: M (VF + V.-i )/ Z =M V,4/7c 5. The nethod according to
“claim4, wherein the 5 control device increases one of the extraction
voltage VE and the acceleration voltage V:., by AV and decreases the

ot her of the extraction voltage VE and the accelerdation voltage VA by AV
whi | e saﬁosff%ﬁ%@taarf%%ad‘%ﬁ@%aaa%.f8&l%h§gfedl%t«éonmamfo{L(Lves- AV) +
(vd + d v Nf A V)/? c 6. The method according to claimi4,
wher ei n tHe' Véﬁﬁ’/@V—d@bl Zrncreases one of the extraction voltage VE and
t he accel eration voltage VA by AV and decreases 15 the other of the
extraction voltage VE and the acceleration voltage VA by AV while
satisfying a following equation C as follows: M {(V,+AV)+(v, -dV)}/7r ivi
(V,, -dV)/Zc 20 25 THe method according to claim 4, wherein the

b control device increases one of the extraction voltage

Ve and the acceleration voltage V: by AV and decreases

the other of the extractionvoltage Vgand the acceleration

voltage Vi by AV while satisfying a following equation

B as follows:

10 My~ aV)+ 0, +AV)YZ, M, (7, + A7)/ 2,

6. The method according to claim 4, wherein the

control device increases one of the extraction voltage

Vg and the acceleration voltage Vp by AV and decreases

15 theother of theextractionvoltage Vg and the acceleration

voltage Vap by AV while satisfying a following equation
C as follows:

M/ '{(VE +AV)+(V.-I —AV)}/ZI ‘&A/jc (Vt -AV)/ZC

20
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