TI TLE OF THE | NVENTI ON SUBSTRATE PROCESSI NG APPARATUS AND CLEANI NG
METHOD OF THE SAME BACKGROUND OF THE I NVENTION Field of the

I nvention [0001] The present invention relates to a substrate
processi ng apparatus and a cl eaning nethod of the sane. Description
of the Related Art [0002] The manufacturing process of a magnetic
recordi ng di sk such as a hard disk rou%hl includes a pre-step of
form ng an underl ayer, a nagngth&Ff i9Em ékEygNVrEé\MQN ng | ayer, and a

ot or v o SASIRAES, bR i L ERRAL SRy B oI b
which the protective filmis fprned.§§§$§§%ﬁpe magneti c recording
di sk generally includes recording | the two surfaces of a

substrate, various processes are perforned on the two surfaces of
the substrate in the above-nentioned individual steps. For exanple,

as a techni que of processingA%ggagpﬁﬁsgpf@ﬁgsINQENgléHbstrate as

descri bed above, a technique Ion guns are installed on the
two sides of g SUPstfatige 1A0Ent9HHhZzed argon gas ion beans are

emtted fromthe ion guns to the two surfaces of the substrate

(Japanese Pat@mo1lai d- Qoete Nore 2H005- 560D ioh nré het ssbsbrate - 1
substrate processing apparatus and a cleaning method of
the same.
Description of the Related Art
fo002] The manufacturing process of a magnetic
recording disk such as a hard disk roughly includes a
pre-step of forming an underlayer, a magnetic film as a
recording layer, and a protective film for protecting
the recording layer, and a post-step of forming a
lubricating layer on the surface of a substrate on
which the protective film is formed. Since the
magnetic recording disk generally includes recording
layers on the two surfaces of a substrate, various
processes are performed on the two surfaces of the
substrate in the above-mentioned individual steps. For
example, as a technique of processing the two surfaces
of a substrate as described above, a technique by which
ion guns are installed on the two sides of a substrate,
and ionized argon gas ion beams are emitted from the
ion guns to the two surfaces of the substrate (Japanese

Patent Laid-Open No. 2005-56535). 1In the substrate



processi ng technique in which the ion guns (ion beam generators) are
arranged to face the two surfaces of a substrate as described in
Japanese Patent Laid-Open No. 2005-56535, one ion beam generator
receives the ion beamfromthe other ion beam generator. This poses
the problemthat contam nants stick to the i on beam em ssion
surface or to the interior of a plasma generation chanber. SUMVARY
OF THE | NVENPrQQEsG008] tRehpr@sentn i Wivesl i U hben b@ams neien j peam
consi deration of the above situation, and has as its object to

provi de a netdfe@IGIt YIPam iRy A BUMEeF ate fapocssi hie appafaces of a

i ncl udi ng i on beam erators arranged opposite to each other, and a

en
substrate prsé’(?@stéia%if dpAetesibedi by {aranesmciaiornt [BobATORER| Qt
aspect of the present_invention rovides a method for cleanipg a
substrate pr é]sss"ﬁ{%’?’gapﬁ%f’r%t%%ni e T3 FOBt T O BRANT J8nkr At or
and a secong)ion eannaﬁneraior ar e arraqged g%gositg,to each t her
to sandw ch eﬁnh a Bh W ch e]éujb%?r%?%mi ctor Orpl ,pa%sae%m'k}:%
processes t r-f te, . I i d

conpri sing gﬁ)erzos%loe?&et?}e% e%({}?tna{:] %geﬁéﬁb%%%}?g(?r%}?n@afg%ﬁ%%n bet ween
the first iqpheampengraiar apdd hensecond-{op beam ggggpator, and

cl eaning the second 1on beam generator by emtting an 1 on beam from

the first ionydRAMrich chamber.

SUMMARY OF THE INVENTION
[0003] The present invention has been made in
consideration of the above situation, and has as its
object to provide a method of cleaning a substrate
processing apparatus including ion beam generators
arranged opposite to each other, and a substrate
processing apparatus having this function.
[0004] A first aspect of the present invention
provides a method for cleaning a substrate processing
apparatus in which a first ion beam generator and a
second ion beam generator are arranged opposite to each
other to sandwich a plane on which a substrate is to be
placed, and which processes two surfaces of the
substrate, the cleaning method comprising steps of
retreating the substrate from a position between the
first ion beam generator and the second ion beam
generator, and cleaning the second ion beam generator

by emitting an ion beam from the first ion beam



generator to the second i on beam generator. [0005] A second aspect of
the present invention provides an substrate processing apparatus for
processing a substrate, conprising a first ion beam generator and a
second i on beam generator arranged opposite to each other to
sandwi ch a plane on which the substrate is to be placed, and a
controller which, with no substrate being placed on the plane,
control s t he gdrigrgt oont bene geaeorad o o doedmagetdeasecond i on beam
generator by emtting an ion beamfromthe first ion beam generator
to the second@0ffbbeam génevetanrd d08008] Furtherpfesanl esnodnt hen
present invention wl| beconme apparent fromthe follow ng
description mromlaamysmmah@npsowmim@f@pmc@tu@ foe attached
draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS [0007% . 1is a block
di agr am showiR¥#P 4RS1ng rangehehabe, aCeMDEL $ERE Pr bé%‘él hgnabparat us
when it is viewed fromabove; [0008] Fig. 2 is a schematic sectional
vi ew show n@ecr}‘?er%tt?{lc%rﬂﬁeao?e%?lniioho%e%%@@e%%?%%‘zor[@BB@Tgﬁjg 3
is a schematic view sh omnng &rld the i ean1ﬂenerator

(0010 “Fig. PRV e 157 x?;f%?ﬁ.*h@ TR eh ot BRENE poDOPhsEh Fhe
change in ”e%aéﬂsve ef%'é% b p PaCEL! " @l a8l eCL o881 2OY hi€ch, with
di vergent angle
no substrate being placed on the plane, controls the
first ion beam generator to clean the second ion beam
generator by emitting an ion beam from the first ion
beam generator to the second ion beam generator.
[0006] Further features of the present invention
will become apparent from the following description of

exemplary embodiments with reference to the attached

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] Fig. 1 is a block diagram showing the
arrangement of a substrate processing apparatus when it
is viewed from above;
[0008] Fig. 2 is a schematic sectional view
showing the structure of an ion beam generator;
[0009] Fig. 3 is a schematic view showing grids of
the ion beam generator; and
[0010] Fig. 4 is a view for explaining the
relationship between the change in negative potential

of a central electrode and the divergent angle of an



i on beam DESCRI PTION OF THE EMBODI MENTS [ 0011] Enbodi nents of the
present invention will be explained belowwth reference to the
acconpanyi ng draw ngs, but the present invention is not limted to
t hese enbodi nents. [0012] (Substrate Processing Apparatus) First, a
substrate processing apparatus according to the present invention
wi ||l be explained belowwth reference to Fig. 1. The substrate
processi ng dppatatars. has a function of performng a cleaning nethod
according to the present invention. This cleaning nethod cleans at
| east one, and preferably both, of two ion beam generators of the
substrate processing apparatus. Fig. 1 is a block diagram show ng
t he arrangenent of the subSEFRELETEONCOEsITHE EMBPRALYMENT Swhen it is
viewed from above. [0013] As shown in Fig. 1, a substrate processing
appar at us 10000 dludes f iEmdocdmendec orfd tihen By@san tgeisreittoran |wl ahd
| b arranged opposite to each other so as to sandwich a plane S on
whi ch a substIatsxRhaEad P§Lov ' e pf ke clont vt | FCARANBLNG
counter 103, and a conputer interface 105. [0014] The s bstra%e to
be placed on Wﬂ%er@ti@}e LS SUbET Y 67 Mahut FB PP ngC a

magneti c rech,‘redsiengemrgeod'i%rgﬁstug.h as a hard disk, and generally has - 4

[0012] (Substrate Processing Apparatus)

First, a substrate processing apparatus according
to the present invention will be explained below with
reference to Fig. 1. The substrate processing
apparatus has a function of performing a cleaning
method according to the present invention. This
cleaning method cleans at least one, and preferably
both, of two ion beam generators of the substrate
processing apparatus. Fig. 1 is a block diagram
showing the arrangement of the substrate processing
apparatus when it 1is viewed from above.

[0013] As shown in Fig. 1, a substrate processing
apparatus 100 includes first and second ion beam
generators la and lb arranged opposite to each other so
as to sandwich a plane S on which a substrate (wafer)
is to be placed, a controller 101, a counter 103, and a
computer interface 105.

[0014] The substrate to be placed on the plane S
is, e.g., a substrate for manufacturing a magnetic

recording medium such as a hard disk, and generally has



an opening in the center of a nenber having an alnost circular disk
shape. A substrate carrier can hold the substrate upright along the
vertical direction and place it on the plane S. [0015] The first ion
beam generator |l a and second ion beam generator |b are arranged
opposite to each other so as to face the two surfaces of the
substrate placed on the plane S. In the arrangenent shown in Fig.

1, the first aandpzecenrd irorheararganerat of sndtbenthatingran ad Iesged
such that the ion beam em ssion surfaces of the first and second ion
beam gener at @risg dud arartl 4 stapaal mMastsupartalatel caertike samnf dcdsd tthebe
processed of the substrate. [0016] The first ion beam generator |a

i ncl udes an selbexttradce e, i ghtdi slodray gehdatdr 2iacd brd genetr atn ngna@

pl asma, and an extracting el ectrode 7a (including electrodes 71a,
72a, and 73aplmdchiis arderhd rmmndeS. pl ane S on which the substrate
is placed) as a_ nmechanismof extracting ions fromthe plasma. The

el ectrodes 71#018a, and ThZa fdmstr dsppedigafe|genegmiact ef ansd &R qge
sources 8la, 82a, and 83a so as to be independently controllable. A
neutral i zer &1 PeIhAAGEt HeatP tHee SHATHITHPRILT rodee 722<he

neutralizer 9a.is configured_.to be able to emt electrons to the
second i on b&Hsfer& aﬁ%rtq BF3GE oritferve os‘hreﬂ%?%ﬁ i%€ e i S DN G an

| on_beam havidiq, ROpid] e SERHLTS. CHAr 97k STLLGLLRMENS] 9, beam
Fig. 1, the first and second ion beam generators la and
lb are arranged such that the ion beam emission
surfaces of the first and second ion beam generators la
and lb are almost parallel to the surfaces to be
processed of the substrate.
[0016] The first ion beam generator la includes an
electrode 5a, a discharge bath 2a for generating a
plasma, and an extracting electrode 7a (including
electrodes 7l1la, 72a, and 73a in this order from the
plane S on which the substrate is placed) as a
mechanism of extracting ions from the plasma. The
electrodes 7la, 72a, and 73a are respectively connected
to voltage sources 8la, 82a, and 83a so as to be
independently controllable. A neutralizer 9%9a is
installed near the extracting electrode 7a. The
neutralizer 9a is configured to be able to emit
electrons to the second ion beam generator 1lb in order
to neutralize an ion beam (an ion beam having positive

electric charge) emitted from the ion beam generator



-5 la. [0017] Argon (Ar) supplied froma gas supply unit (not
shown) into the discharge bath 2a is excited by the application of
RF power froman RF source 84a to the electrode 5a, thereby
generating a plasma. lons in this plasm are extracted by the
extracting electrode 7a, and collide against the substrate placed on
the plane S. The substrate is etched in this way. [0018] The second
ion beam genefgator Ib is constructed simlarly to the first ion beam
generator la. [0019] The controller 101 is connected to a voltage

source 8a of to@fjrst i omreammenesapPriéa rasd a %Qét§99p59uﬁﬁ@t8b
of the second ion beam generator |b, and controls the voltage

sources 8a anthoBbshdkie) conpbethd0diksheogeephed ba theecgenteal ber
101, and counts substrates processed by the ion beam generators |la
and | b. The cowntappl3atsonoonfi §Erpdwee fbemabheRFosbngteugtat he
controller 101 to start a cleaning process when the count reaches a
pr edet er m nedcheumbect fedg. pal, 006yeby0020rahéngoappiesmant efdmsein
105 is connected to the controller 101 and counter 103, and

confi gured tothienablesmpeayseexbrachedshisthat expracessonglappardeus

to input the cleaning conditions (e.g., the processing tine).
7a, and collide against the substrate placed on the

plane S. The substrate is etched in this way.

[0018] The second ion beam generator 1lb is
constructed similarly to the first ion beam generator
la.

[0019] The controller 101 is connected to a
voltage source 8a of the first ion beam generator la
and a voltage source 8b of the second ion beam
generator 1lb, and controls the voltage sources 8a and
8b. The counter 103 is connected to the controller
101, and counts substrates processed by the ion beam
generators la and 1lb. The counter 103 is configured to
be able to instruct the controller 101 to start a
cleaning process when the count reaches a predetermined
number (e.g., 1,000).

[0020] The computer interface 105 is connected to
the controller 101 and counter 103, and configured to
enable the user of the substrate processing apparatus
to input the cleaning conditions (e.g., the processing
time) .

[0021] An ion beam generator 1 (la or 1lb) will be



[0021] An ion beam generator 1 (la or Ib) will be - 6 explained in
detail belowwith reference to Figs. 2, 3A and 3B. [0022] Fig. 2 is
a schematic sectional view showi ng the structure of the ion beam
generator. Fig. 3 is a schematic view showing grids of the ion beam
generator. Note that the first and second i on beam generators |a and
| b have the sanme structure, so the structure will be expl ai ned by

appropri at el e gMdtdd isUdtxes BeBitdl Pith 0028 rdscshownrigsFi g, 2,
the ion beam generator 1 includes a discharge bath 2 for confining a

plasma. The Jyesswd e3@f the discharge bath 2 is normally maintai ned
wi thin the range of about 10-' Pa (10_5 nb) to about 10-2 Pa (10-3
nb). The di scioo2@] bath ZFiies. I sid &t exkHanamian ssxdteirdred 1 spoee by a

pl asma confining vessel 3. A nultipole nagnetic unit 4 for trapping
i ons rel easedslhiawine tthe chiarget oag hoR tiye then floeamt gemeratoa. plEsym
is installed around the plasma confining vessel 3. The magnetic unit
4 normal ly intlisles schenat st i viewfshewing ker pds nehehite nhgnelbsam| n
one configuration, N and S cycles are generated along only one axis
by using a pldgrgiatond MNeta ithaty thend et apgysEcenthviiqiy beam
alternately changing polarities. Another configuration uses a
"checker boar @eNer3 g nEhtand nlk lfave onte gRaBe | Dt UShoF € er SAabh®t s

structure will be explained by appropriately omitting
suffixes a and b.

[0023] As shown in Fig. 2, the ion beam generator
1 includes a discharge bath 2 for confining a plasma.
The pressure of the discharge bath 2 is normally
maintained within the range of about 107™* Pa (107> mb)
to about 1072 Pa (1072 mb). The discharge bath 2 is
isolated from an external space by a plasma confining
vessel 3. A multipole magnetic unit 4 for trapping
ions released in the discharge bath 2 by the formation
of a plasma is installed around the plasma confining
vessel 3. The magnetic unit 4 normally includes a
plurality of bar-like permanent magnets. In one
configuration, N and S cycles are generated along only
one axis by using a plurality of relatively long bar
magnets having alternately changing polarities.
Another configuration uses a "checkerboard”
arrangement. In this configuration, shorter magnets
are used, and N and S cycles spread on a plane formed

by two axes perpendicular to each other.



are used, and N and S cycles spread on a plane fornmed by two axes
per pendi cul ar to each other. - 7 [0024] An RF coil 5 supplies RF
power to the discharge bath 2 via an inductive RF power coupling

wi ndow 6 attached to the rear wall (the wall opposite to the plane S
on which the substrate is placed) of the plasma confining vessel 3.

[ 0025] The front wall (the wall facing the plane S on which the

substrate is oqqd) of hherH ayi@ 5 QMPYIRG WES§Rlvet Ras @ik i on
beam em ssion surface (see Fig. 3). The em ssion surface has an

extracting rREGRaRN YD 4 acti g H ecldrde)vd HPrp&K F asduptih@®ns
fromthe plasma forned in the discharge bath 2, and accelerating the

extracted i oREndAw awWtddhdd Go Zhe X4 ECt |11 81£LLL rosiso i €an
have grid structures. Each grid structure has a plurality of fine
hol es cl ose tio t#aciplairneers ¢rO0a6]crAst e sdulect ttee fid prddddt | v tHhe
entrance of an ion beam the substrate processing apparatus of this
enbodi ment haslasmst ramtiuireing wds sl those portions of a first grid
10a and second grid 10b which face the opening in the substrate are
cl osed so as W®2%lo al | oWhea Hepussagd ofthen Wadnl Werging 0Oy P e S
specifically, a closed region F that 1is closed so as not to allow

i on beam em £5i ol Hhy mBdPstratre ktemlacsd) xfhthy RlsSH®arst grid

10a and o _ o
confining vessel 3 has an ion beam emission surface

(see Fig. 3). The emission surface has an extracting
mechanism (extracting electrode) 7 for extracting ions
from the plasma formed in the discharge bath 2, and
accelerating the extracted ions. As shown in Fig. 3,
the extracting electrode 7 can have grid structures.
Each grid structure has a plurality of fine holes close
to each other.

[0026] As a structure for inhibiting the entrance
of an ion beam, the substrate processing apparatus of
this embodiment has a structure in which those portions
of a first grid 10a and second grid 10b which face the
opening in the substrate are closed so as not to allow
the passage of an ion beam.

[{0027] More specifically, a closed region F that
is closed so as not to allow ion beam emission is
formed in the center of each of the first grid 10a and
second grid 10b. This makes it possible to prevent
substances removed by ion beams generated from the ion

beam generators la and 1lb arranged opposite to each



second grid 10b. This nmakes it possible to prevent substances
removed by ion beans generated fromthe ion beam generators |a and

| b arranged opposite to each - 8 other from passing through the
central opening in the substrate and causing the generators |la and
|b to contam nate each other. Note that the size of the «closed
region F can properly be set in accordance with the substrate size
and the centralhapenioly pasd ey shbsiglatthe [@28fa Fuspdeingren tiet he
substrate processing apparatus of this enbodinent, the grid 10a of
the first i cudeaatgenaidtoiusn@nthé hgeggtaitdOd v dhe Blecoad ion
beam generator |Ib can asymetrically be fornmed as the structure for
i nhibiting thererriacts: cdaa@n ottmer bedlmt Fathagx and esiAcheofgrile 10a of
the first ion beam generator la shown in Fig. 3 and the grid 10b of
the second idrssshmerher af orah bpsdrawnl y odi get 3imavecardance with
relationship in which one is relatively rotated with respect to the
ot her throughhe pretiere nebzangieé the eentnp) epowvhddt e teatral
axis, thereby formng an asymetrical grid structure. This is so
because if tHePHriadtStructure is symetrical, an ion beamenitted

ymmet 1 cal 2T Ton becddSeNHE AR bebr e T2 rRAts 1T

thereby Sti cld L SN AT Aa e OLrp L ATALSE! N6 S2YRIS 162 10F LALCHI L
ion beam generator la and the grid 10b of the second
ion beam generator 1lb can asymmetrically be formed as
the structure for inhibiting the entrance of an ion
beam. For example, the grid 10a of the first ion beam
generator la shown in Fig. 3 and the grid 10b of the
second ion beam generator 1lb shown in Fig. 3 have a
relationship in which one is relatively rotated with
respect to the other through a predetermined angle
(e.g., 10°) around the central axis, thereby forming an
asymmetrical grid structure. This is so because if the
grid structure is symmetrical, an ion beam emitted from
a specific fine hole may pass through a fine hole in a
symmetrical position because the ion beam has high
directivity, thereby sticking contaminants or
inflicting damage to the interior of the opposite
discharge bath 2. Accordingly, when the grid 10a of
the first ion beam generator la and the grid 10b of the
second ion beam generator lb are asymmetrically

shifted, no highly directive ion beams enter the



di scharge bath 2. Accordingly, when the grid 10a of the first ion
beam generator la and the grid 10b of the second ion beam generator
| b are asymetrically shifted, no highly directive ion beans enter
the - 9 opposite ion beamgenerators la and I b through the opening
in the substrate. This makes it possible to suppress nutual

contam nati on and damage of the ion beam generators la and IDb.

[0029] In theyddhsd rish Us@am t fendF 4 €lsr 4 0ba ady LOb: NESEgROthe

entirely be synmmetrical. However, at |east the central regions of

the first grighbeimmqnih 5165 0neb g + 8 0b Tarie praafeys ahy Y ik tia be
asymmetrical. [0030] Also, to enable fine adjustnent of the
asymetry of duppfdgstmgtusl 106n andi second gid dddbbge abf tkeasionne of
the grids 10a and | ob may al so have a grid rotating mechani smfor
rotating the lgrand.geliB satiersola barduke. only one of the first grid 10a
and second grid 10b need be rotated to secure the asymmetry of the
grids 10a andlOQ8R] [ 0031]IrRefred rd g rtakgto@ . the Qﬁ#@§t¥é@t¢m@

el ectrode 7 includes three electrodes 73, 72, and 71 in this order
from the sidel@F n9RA diek R GRIDEY P2, SHHEET ¥ Heak- tﬁ%‘@%ctar’bdes
are configured to enable independent voltage control hi s

embodi ment, t¥RAStelldrq roREsT s, r??lo%%d°§it%?ef+%%5e%¥?@e19a and

control | ed second grid 10b are preferably formed to be

asymmetrical.

[0030] Also, to enable fine adjustment of the
asymmetry of the first grid 10a and second grid 10b, at
least one of the grids 10a and 10b may also have a grid
rotating mechanism for rotating the grid. This is so
because only one of the first grid 10a and second grid
10b need be rotated to secure the asymmetry of the
grids 10a and 10b.

[0031] Referring back to Fig. 1, an extracting
electrode 7 includes three electrodes 73, 72, and 71 in
this order from the side of the discharge bath 2, and
these three electrodes are configured to enable
independent voltage control. In this embodiment, the
electrodes 73, 72, and 71 are respectively controlled
at a positive potential, a negative potential, and the
ground potential.

[0032] (Cleaning Method of Substrate Processing
Apparatus)

Next, a cleaning method of the substrate

- 10 -



at a positive potential, a negative potential, and the ground
potential. [0032] (C eaning Met hod of Substrate Processing Apparatus)
Next, a cleaning nethod of the substrate - 10 processing apparatus
or ion beam generator of this enbodinment will be explai ned bel ow
with reference to Fig. 1. [0033] Wien perform ng substrate
processi ng such as etching by using the first ion beam generator |a
and second iprodessm geneppapatld arr dogedeappgshéeatoreachthather, a
substrate held by the substrate carrier is placed on the plane S

bet ween t he iambddamegenei it obs ekplandedbbel 6034kl thnreliereheanktng
met hod of a preferred enbodiment of the present invention, no
substrate i s Fjpjackd between the first ion beam generator |a and
second i on beam generator | b, and one of the ion beam generators |la
and | b direct[90%3]ts an When beewienihe swhderate nphddessong sheh

ot her of the ion beam generators |a and | b preferably directl{ emts
an ion beam3% ¢hehbne bY whEnNgohhBehit EnéPat BEIM gerARgAFBr 1R0BBY]
More specifically, when performng cleanin t he cl eani ng et hod

b
of the preferf&PLRAHEN MRt ofSERREPF edln rFﬁ68ﬁ9i8ﬁP°§lF§tF8aF?ﬁB

step of retrealing 2 sypstrate ¥L16o8, 2 REsLLLgp ReLwegn, 1hg Lirst
placed on the plane S between the ion beam generators
la and 1b.
[0034] In the cleaning method of a preferred
embodiment of the present invention, no substrate is
placed between the first ion beam generator la and
second ion beam generator 1lb, and one of the ion beam
generators la and 1lb directly emits an ion beam to the
other. In addition, the other of the ion beam
generators la and 1b preferably directly emits an ion
beam to the one of the ion beam generators la and 1lb.
[0035] More specifically, when performing cleaning
by the cleaning method of the preferred embodiment of
the present invention, a retreating step of retreating
a substrate W from a position between the first ion
beam generator la (or 1b) and second ion beam generator
1b (or la) is performed. Then, a removing step of
removing the electric charge (positive electric charge)
held on the second ion beam generator 1lb (or la) is
performed. Furthermore, a cleaning step of cleaning

the second ion beam generator 1lb (or la) by emitting an

- 11 -



beam generator la (or Ib) and second ion beam generator |b (or |a)
is perfornmed. Then, a renoving step of renobving the electric charge
(positive electric charge) held on the second ion beam generator Ib
(or la) is perforned. Furthernore, a cleaning step of cleaning the
second i on beam generator |Ib (or la) by emtting an - 11 ion beam
fromthe first ion beamgenerator la (or Ib) to the second ion beam
generator |b i@ de¥m i Srometior iedst Qons espant done £90dANM Aands 1b)
sticking to the second ion beamgenerator |b (or la) can be renoved.
The renovi ng td ethargkcdredni g 1Séep game bet exetwit edr dhfetsately, in
parallel, or simultaneously. [0036] Subsequently, it is possible to
further perfpmiarnmsdep dondesamntd it hedntastinaot besn geinrey atorthd a
(or I'b) by emtting an ion beamfromthe second i on beam generat or
b (or la) teddendiret hoam beane geber atlor (da (@) ¢ . b¢ 008TPveEd.
practical exanples of the present invention, cleaning nmethods of the
first to thirkhe erfoaienhtstew | andecbephihnesit el oan Mot exenatedhen
perform ng cleaning by the cleaning nethods of the first to third
enbodi ment's, & I Llxr a%#éf%@ra%g%han@léﬁ{%@%t%%%ﬂhﬁl}’ni tially
retreats a SUW froma osi tion between the, .ion beagn erqlerators
Ce Tt it

la and |b am%’r{f HIFF B stS Bt e

perform a step of cleaning the first ion beam generator

la (or 1b) by emitting an ion beam from the second ion
beam generator 1lb (or la) to the first ion beam
generator la {(or 1b).

[0037] As practical examples of the present
invention, cleaning methods of the first to third
embodiments will be explained below. Note that when
performing cleaning by the cleaning methods of the
first to third embodiments, a carrier transfer
mechanism (not shown) initially retreats a substrate
from a position between the ion beam generators la and
1b.

[0038] (Cleaning Method of First Embodiment)

The cleaning method of the first embodiment is an
example of cleaning the ion beam generator 1b (or 1la)
by emitting an ion beam from the ion beam generator la
(or 1b).

[0039] After a gas supply unit (not shown)
supplies a processing gas such as Ar into the discharge

bath 2a of the ion beam generator la, the RF source 84a

- 12 -



The cl eaning nmethod of the first enbodinment is an exanple of

cl eaning the ion beamgenerator |Ib (or la) by emtting an i on beam
fromthe ion beam generator la (or Ib). [0039] After a gas supply
unit (not shown) supplies a processing gas such as Ar into the

di scharge bath 2a of the ion beam generator la, the RF source 84a -
12 applies a radio frequency to the el ectrode 5a, thereby

generating agypasings i) tdweidli Sedqigecpatd Ree dIedtuisde step, thdeeby
controller 101 sets the voltage source Ba such that the el ectrode
7la is at theyegrematd rpptentiadma imetled edisaderglaatsh ataa nMegathiee
potential (e.g., - 500 to -1,500 V), and the electrode 73a is at a
positive potertdml e geonttiflter 11 0Dsa)s Bye thwbktagensowttengat he
el ectrode voltages, the plasma emts an ion beam (positive argon
ions). [0040]surterthato tleerovkettheoddsia vies edtecthé corelad geohehtiah,
the ion beam generator |Ib, the neutralizer 9a emts electrons to the
i on beam gerferatvredtrodmi B2aels ralf iz areddel pospPeiert brbcfei - char ge
generated by the em ssion of the positive argon ion beam That is,

when the ion PehriYereraidrV) a 2R e L {REHIYR & Yohsidh Beam to

Lhe 1o beam, Aeneral ol b LD o beasgper gl gr, Ly ol

cl eani ng L”““%é%éf%f%?ﬁéngﬂe1lﬁgé%§géé &&%%ages, the plasma emits an
ion beam (positive argon ions).
[0040] Then, to remove the positive electric
charge held on the ion beam generator 1lb, the
neutralizer 9a emits electrons to the ion beam
generator 1lb. This neutralizes the positive electric
charge generated by the emission of the positive argon
ion beam. That is, when the ion beam generator la
emits a positive argon ion beam to the ion beam
generator 1lb, the ion beam generator lb is positively
charged to repel the positive argon ion beam, and this
makes cleaning unable to perform. Therefore, the
positive argon ion beam is neutralized by emitting
electrons from the neutralizer 9a.
[0041] While the ion beam generator 1b is thus
prevented from holding positive electric charge,
contaminants sticking to the electrode 7b of the ion
beam generator 1lb are removed by emitting an ion beam
from the ion beam generator 1la.

[0042] Similarly, contaminants sticking to the
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positive argon ion beamis neutralized by emtting electrons from
the neutralizer 9a. [0041] Wile the ion beamgenerator |Ib is thus
prevented from hol ding positive electric charge, contam nants
sticking to the electrode 7b of the ion beam generator |b are
removed by emtting an ion beam fromthe ion beam generator |a.
[0042] Simlarly, contam nants sticking to the - 13 electrode 7a of
the opposite edBcbeadegenendt @hel appbeiteeivvedebi g@¥nkiiat®rand e
beam fromthe i on beam generator |Ib. [0043] It is also possible to
adj ust the ioneheasd Biyvemgentngnghesoby beppr epvmatdley iadj wsianng t he
three electrodes 7l1a, 72a, and 73a described above. [0044] Fig. 4 is
a view for expkaenangrthe. rel ati onship between the change in
negative potential of the central electrode and the divergent angle
of the ion bé@AA3That isltthe giaphpshewnlentfi gdjdsintdheaties beham

i on beam divergent angle when the electrode 7la is fixed at the
ground pot ent faverghatepagilesdby73apriropriipkedvapdiustdngr thesthrge
and the negative potential of the electrode 72a is changed. Fig. 4
reveal s that etRetrefeBedrndi VérgeAfdarighe deaRrbEededPedSed by t hus

applying a ne i potential to.the central electrode 72a. [0045]
In the cleaniggbﬂéfhod of%fﬂe %i?§ta view for eXpEalnlng the

relationship between the change in negative potential
of the central electrode and the divergent angle of the
ion beam. That is, the graph shown in Fig. 4 indicates
the ion beam divergent angle when the electrode 7la is
fixed at the ground potential, the electrode 73a is
fixed at 1,000 or 1,500 V, and the negative potential
of the electrode 72a is changed. Fig. 4 reveals that
the ion beam divergent angle can be decreased by thus
applying a negative potential to the central electrode
12a.

[0045] In the cleaning method of the first
embodiment, no substrate exists during cleaning between
the ion beam generators la and 1lb arranged opposite to
each other. Accordingly, an ion beam emitted from the
ion beam generator la (or 1b) can directly be applied
to the ion beam generator 1lb (or la). During this
cleaning, the neutralizer 9a neutralizes the positive
argon ion beam by emitting electrons. This makes it
possible to remove contaminants sticking to the

electrode 7b (or 7a) of the ion beam generator 1lb (or
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enbodi ment, no substrate exists during cleaning between the ion beam
generators la and I b arranged opposite to each other. Accordingly,
an ion beamemtted fromthe ion beamgenerator la (or |b) can
directly be applied to the ion beamgenerator Ib (or la) . During
this cleaning, the neutralizer 9a neutralizes the positive argon
ion beam by emtting electrons. This nakes it possible to renove
contami nants Sitd)CkiHigld ocHdec 1 e eEddOdr 7o f 0Th )V ad £ of hé heoh OpeHgam
generator |Ib (or - 14 la) while the electrode 7b (or 7b) of the ion
beam gener at @ferddr{twsr | ) (sr prevend esréveormt &bl thdg PodSdihyepositive
el ectric charge. [0046] (Cl eani ng Met hod of Second Enbodi nent) The

cl eani ng net hed eaft tihe decoyel. enbodi nent is  an exanpl e that enabl es
cleaning by emtting an ion beamfromthe ion beam generator la (or

| b), and contlf46In tdmniag Method) ef etecond Hibediménn) beam
generator |Ib (or la). [0047] Simlar to the first enbodi nent, the
controll er 101 sets Thfe cisiarsige Seriead guf sifeh 39rand rinbed Heentodies
7la, 72a, and 73a of the ion beam generator la are respectively at
the ground potehtSATPLe it isaPhdt entsd 1% Ry  enbEping anp vow V),

and a positiv potential (e.g., 250 to 2,000 . By thus controlling
the el ectrode 375 et tzi‘ep! ST t ST 3 n{g’( poRi ¢ %‘5 ar gon
tons) . In th%é%‘¥¥¥1f¥§“%'é“¥§tr§é¥ing electrode of the ion beam

generator 1lb (or 1la).

[0047] Similar to the first embodiment, the
controller 101 sets the voltage source 8a such that the
electrodes 7l1a, 72a, and 73a of the ion beam generator
la are respectively at the ground potential, a negative
potential (e.g., -250 to -2,000 V), and a positive
potential (e.g., 250 to 2,000 V). By thus controlling
the electrode voltages, a plasma emits an ion beam
(positive argon ions). In the second embodiment, the
neutralizer %a does not neutralize the ion beam
(positive argon ions), so the positive argon ion beam
reaches the opposite ion beam generator 1b.

[0048] That is, in the second embodiment, a
negative potential is applied to an electrode as an
object of cleaning among the electrodes 71b, 72b, and
73b forming the extracting electrode 7b of the ion beam
generator 1lb, thereby drawing the positive argon ion
beam into the ion beam generator 1lb. In this time, the

electrodes which are not an object of cleaning may be
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neutralizer 9a does not neutralize the ion beam (positive argon
ions), so the positive argon ion beam reaches the opposite ion beam
generator | b. [0048] That is, in the second enbodi nent, a negative
potential is applied to an el ectrode as an object of cleaning anong
the el ectrodes 71b, 72b, and 73b form ng the extracting el ectrode 7b
of the ion beam generator ib, thereby drawi ng the positive argon ion

beam i nto t hegireanBeam gener ateetkbdekn71Bj s7ebeantihe3pekeet rodes
whi ch are not an object of cleaning may be - 15 grounded. The

el ectrodes 71pref2kaband cidlnace froreferalkly tlreared fromgddat a

el ectrode arranged at a side of the plane S (i.e., in the order of
the electrodesdélbf TRk, pdace/3b)(is@.as iho threventerr @f sthecki ng of
contam nants. That is, firstly, a negative potential is applied to

t he el ectrodeelg¢btwhidels i’db,arZédngeddat’/3bhe soi de ¢ phevgndneeS and
is selected as a first object of cleaning, or the electrode 71b is
grounded, andsthekénhepfelcesitepdaantah ahda3bsar éirgkbrndednefekivea
negative potential is_applied to the electrode 72b which is arranged
at the centraPCp88firdnisan@rildeseltocitdd &degtsedend bbjrddchofls

cleaning, or the electrode 72h js grounded, and the other el ectrodes
71b and 73b aFéaBBSGnaédF%ﬁ«i ey © atﬁégé?rdtia@é FofPEft it8l SisdecAsH iAsd

to the el ectrode, 73 which i arnanged at g sidg,of. i he discharge

grounded, and the other electrodes 72b and 73b are
grounded. Next, a negative potential is applied to the
electrode 72b which is arranged at the central position
and is selected as a second object of cleaning, or the
electrode 72b is grounded, and the other electrodes 71b
and 73b are grounded. Finally, a negative potential is
applied to the electrode 73b which is arranged at a
side of the discharge bath 2a and is selected as a
final object of cleaning, or the electrode 73b 1is
grounded, and the other electrodes 71b and 72b are
grounded. Alternatively, the electrodes 71b, 72b and
73b can be simultaneously cleaned. In this case, a
relatively lower potential can be applied to the
electrode arranged at the side of the discharge bath 2a
and a relatively higher potential can be applied to the
electrode arranged at the side of the plane S. For
example, the electrode 71b can be grounded, -100 V can
be applied to the electrode 72b and -200 V can be

applied to the electrode 73b.

- 16 -



final object of cleaning, or the electrode 73b is grounded, and the
ot her el ectrodes 71b and 72b are grounded. Alternatively, the

el ectrodes 71b, 72b and 73b can be sinultaneously cleaned. In this
case, a relatively |lower potential can be applied to the electrode
arranged at the side of the discharge bath 2a and a relatively

hi gher potential can be applied to the electrode arranged at the
side of the pleows. For Aexanpteibédealedbest rotel dld cagabevgr ounded,
-100 V can be applied to the electrode 72b and -200 V can be

applied to theoedeciabdes 73bpliedbto[ OR49¢1Ast deder Vbpdaabave pbybicke
a negative potential is applied to the electrode 72b as an obj ect

of cleaning off theeaximqcdfnghel egtradeinlh) eletheoden’bbednmtygenepat or
| b, the ion beam generator la emts an ion beamto the ion beam
gener at or | b.b&ahsgemkestdr lphosthel eonobeampgenevatani hanenissi eki ng
to the electrode 7b of the ion beamgenerator Ib. This nethod can
al so prevent il ke¢arttoedehg2boasbaamopfaerabpr tbearfhmis flRakefoldi ng
positive electric, charge. [0050] Likew se, the ion beam generator Ib
emits an i onPPREHPLD g%nﬁ@@°8%n?9ﬁ¥ﬁ@hﬂ§n§§iERFﬁblPS tRethél ectrode

12, o1 o' he oproie.len heamoenersier L, (L005AL L Lhe pleaniig,,

cleaning betyeen the Lo LOP PEEM 9ENELALQr 212,8Ndy! BrgLLRNgEd
cleaning from holding positive electric charge.
[0050] Likewise, the ion beam generator lb emits
an ion beam to remove contaminants sticking to the
electrode 7a of the opposite ion beam generator la.
[0051] In the cleaning method of the second
embodiment, no substrate W exists during cleaning
between the two ion beam generators la and 1lb arranged
opposite to each other. Accordingly, an ion beam
emitted from the ion beam generator la (or 1lb) can
directly be applied to the ion beam generator 1lb (or
la). During this cleaning, the neutralizer 9a does not
neutralize the positive argon ions, and a negative
potential is applied to an electrode as an object of
cleaning of the extracting electrode 7b (or 7a) of the
ion beam generator 1lb (or la). This makes it possible
to draw the positive argon ion beam into the ion beam
generator 1lb (or la). Thus, while the electrode 7b (or
7a) of the ion beam generator lb (or la) is prevented

from holding positive electric charge, contaminants
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opposite to each other. Accordingly, an ion beam emtted fromthe

i on beam generator la (or Ib) can directly be applied to the ion
beam generator Ib (or la). During this cleaning, the neutralizer 9a
does not neutralize the positive argon ions, and a negative
potential is applied to an el ectrode as an object of cleaning of the
extracting electrode 7b (or 7a) of the ion beamgenerator |Ib (or |a)

This makes btjpRrsaybke tha dnawtiBaePOs {(bye7anger ok BeAMJAko
the ion beam generafor |b (or la) Thus, while the el ectrode 7b (or

7a) of the iogeheantgenepater hh)(eanl 8k kempiewented from hol di ng
positive electric charge, contamnants - 17 sticking to the

el ectrode 7b (005Zf)cotahheg matbeanfgenerat Bmbbllimenhtl)a) can be
renoved. [0052] (C eaning Method of Third Enbodi nent) Wen perform ng
cl eani ng by adj ustimnpgehhperébentingdeieenihhebyandjoanoey adei n the
first and second enbodi nents, a gas supply unit (not shown) may

al so supply aeletthpdgsgas itheosameamannevesselin Thies fivatuamdvessel
is configured to surround at |east the space between the ion beam
gener at ors | asaagnpbempadimeasisat és 98ke suRPeri SRisf (Nipd whowin wegsel
fromthe external environnent. [0053] Reactive ion etching for
processi ng a 48Pt FHBRéYedPnBGRELNE PRPMLBESI PaBRFUSICcNESSEHe This

multilayered nmagnetic film usi an al cohol havi
y vacuum vessel 9% congggureg to surroun gat least the

space between the ion beam generators la and 1lb, and
iscolates the interior of the vacuum vessel from the
external environment.

[0053] Reactive ion etching for processing a
multilayered magnetic film desirably etches the
multilayered magnetic film by using an alcohol having
at least one hydroxyl group as an etching gas.

[0054] As the etching gas, it is also possible to
use methanol and ketones (e.g., methyl ethyl ketone,
isopropyl methyl ketone, and methyl propyl ketone)
represented by a formula RCOR' (R or R' is an alkyl
group). It is further possible to use carboxylic acids
represented by a formula RCOOH (R is an alkyl group),
esters represented by a formula RCOOR' (R is an alkyl
group), and ethers represented by a formula ROR' (R is
an alkyl group).

[0055] In addition, it is possible to use
hydrocarbons having a methyl group, e.g., methane,

ethane, propane, and butane, and mix oxygen gas, CO
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at | east one hydroxyl group as an etching gas. [0054] As the etching
gas, it is also possible to use nethanol and ketones (e.g., nethyl
et hyl ketone, isopropyl nethyl ketone, and nethyl propyl ketone)
represented by a formula RCOR (R or R is an alkyl group). It is
further possible to use carboxylic acids represented by a formula
RCOOH (R is an al kyl group), esters represented by a fornula RCOOR

(Ris an al ky§asgroundniangdast hans tepresented by a fornula ROR (R
is an alkyl group). [0055 In addition, it is possi ble to use

hydrocarbons heesep a nethyd: @resping. getha@tdaﬂnehe ehhaneempbapabat
and butane, and m x oxygen gas, CO - 18 gas, ammobni a gas, and CO2
gas. [0056] Thestteabiyngchethed ahet Bamehifudcenbadi grat e flifegiteablty
achi eves the sanme functions and effects of the cleaning nethods of
the first andtsecohdanénponebbnts. oEspeei dlilkrgti antlheecbeani ng net hod
of the third enbodinent, the gas supply unit supplies an etching
gas into the embodimeetsel Ewieecpalivrim nghe ot bam g byebldpdsef nghe he
el ectrodes in the sanme manner as in the first and second

enbodi nents. ReébAdeRpPYimenke EheadrfgSHerhydubftt REPPRieg an
enbodi ment achi eves the remarkable effect of etching away
cont ani nants ©sERERPNg2FolRhE EP@CV@SHBm7HeF§Pl7H?erpﬁﬁéOFﬁﬁnﬁeam

generator Ib (pr | a) by anion beamem tied fONMIRE . cone mannes

as in the first and second embodiments. Accordingly,
the cleaning method of the third embodiment achieves
the remarkable effect of etching away contaminants
sticking to the electrode 7b (or 7a) of the ion beam
generator 1b (or la) by an ion beam emitted form the
opposite ion beam generator la (or 1b).

[0057] While the present invention has been
described with reference to exemplary embodiments, it
is to be understood that the invention is not limited
to the disclosed exemplary embodiments. The scope of
the following claims is to be accorded the broadest
interpretation so as to encompass all such

modifications and equivalent structures and functions.
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opposite ion beam generator la (or Ib). [0057] Wile the present

i nvention has been described with reference to exenplary

enbodi nents, it 1is to be understood that the invention is not
limted to the disclosed exenplary enbodi nents. The scope of the
following clains is to be accorded the broadest interpretation so as
to enconpass all such nodifications and equival ent structures and
functions. - 19 WHAT IS CLAI MABATSISI CLAINEDhIE f or cl eaning a
substrate processin apparatus in which a first ion beam generator
and a secondlion béaRe§ener &0&r car@nangaRgedbsppasict @rogesadmy ot her
to sandw ch a plane on which a substrate is to be placed, and which
processes tw?aBBRfratss dn thed chsgbdtirstte 1ophdcgMe SFNEg AR tthgdd a
conprising steps of: retreating the substrate froma position between
the first ionSBERRFYERBr BEG FRASERE OLeBEid HEERIFELMOPHETS &0 SR
cl eaning the second.i on_beam generator b mttin n.i.on beamfrom
the first ionoggﬁﬁlégnéﬁgggFC%tg §n§é5én&%ﬁ h ﬁe§#|5§ﬁ§£%<h$ Ef(%e
The method acgrding Lo clalimnle Lller, comtising a 5 ¢f of
renovi ng el ectri ¢ charge hel oﬁ an~éléctrodé of the sécond i on beam

ge”er?tor- 3'35@%t?§%@9dtﬁ%cgﬁ@a%g bon%E%B@'%©H$QQ%3E%ié%éﬂgaof:
cl eaning step, the 1on bean1en1tte€ fromthe first io
retreating the substrate from a position between
the first ion beam generator and the second ion beam
generator; and
cleaning the second ion beam generator by

emitting an ion beam from the first ion beam generator
to the second ion beam generator.
2. The method according to claim 1, further
comprising a step of removing electric charge held on
an electrode of the second ion beam generator.
3. The method according to claim 1, wherein in the
cleaning step, the ion beam emitted from the first ion
beam generator is neutralized by emitting electrons to
the second ion beam generator.
4. The method according to claim 1, wherein in the
cleaning step, a potential is applied to an electrode
as an object of cleaning among extracting electrodes of
the second ion beam generator, thereby drawing the ion
beam emitted from the first ion beam generator to the
electrode as an object of cleaning.

5. The method according to claim 1, wherein in the
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beam generator is neutralized by emtting electrons to the second

i on beam generator. 4. The nethod according to claim11, wherein in
the <cleaning step, a potential is applied to an el ectrode as an

obj ect of cleaning anong extracting el ectrodes of the second ion
beam generator, thereby drawing the ion beamemtted fromthe first
ion beam generator to the electrode as an object of cleaning. 5. The
nmet hod accor dcigahdngl aitrplk, asherteihingn dalse 1 2Gupd ldad nghtst ep, vaaruum
etching gas is supplied into a vacuum vessel for processing the
substrate. 6. vE&seefetflad paccersdiing ttheclsabmtatfeurt her conpri si ng
the step of cleaning the first ion beam generator by emtting an ion
beam f r om t he 6secondheone theoamagewenddngr twoo clleé nf il stfvrdmeseam
generator. 7. An substrate processing apparatus for processing a
substrate, coRPMPSILEENJa thier Stteto fhedpagdmer &ther fdrih ta S8 AR on
beam generator arranged oppgsite to each other to sandwich a _pl ane
on which the S8BSEREPE Py 85 1% dEd 1 PSR FiabIih& SAFEE 141 h
no substrate gei ng a on t controls the first ion beam

| d h | ,
generator to F@Qn%ﬁ‘@é&@&n&q &E‘egéa&nrﬁes&e&é)rnatb@ra“bﬁe”éerﬁattt‘?%g an ion

D o e St a3, DAL 16, WIBSSRON 00 R
a substrate, comprising:

a first ion beam generator and a second ion beam
generator arranged opposite to each other to sandwich a
plane on which the substrate is to be placed; and

a controller which, with no substrate being
placed on the plane, controls the first ion beam
generator to clean the second ion beam generator by
emitting an ion beam from the first ion beam generator
to the second ion beam generator.

8. The apparatus according to claim 7, further
comprising a neutralizer which emits electrons to the
second ion beam generator,

wherein the controller controls the neutralizer
to prevent charging of the second ion beam generator by
emitting electrons to the second ion beam generator.

9. The apparatus according to claim 7, wherein the
controller controls a potential of an electrode as an
object of cleaning among extracting electrodes of the

second ion beam generator, such that the ion beam

emitted from the first ion beam generator is drawn to
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conprising a neutralizer which emts electrons to the second ion
beam generator, wherein the controller controls the neutralizer to
prevent charging of the second ion beam generator by emtting

el ectrons to the second i on beam generator. 9. The apparatus
according to claim7, wherein the controller controls a potential of
an el ectrode as an object of cleaning anong extracting el ectrodes of
the second i@mfe heporgeogeakor ansubhetBabrt Bechingeam emtted from
the first ion beamgenerator is drawn to - 21 the electrode as an
obj ect of cl eami ng.THS. agberappar atusracagr donglaomch ai whérevhewetn
with no substrate being placed on the plane, the controller

control s the secondstoatbensiggnpiated ta theaplahe, thestonamobéam
generator by emtting an ion beamfrom the second i on beam generator
to the first camtbehsm tigeneeadbod. ien2Beam generator to clean the

first ion beam generator by emitting an ion beam from
the second ion beam generator to the first ion beam

generator.
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