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*159159* b TETRON SPUTTERI NG METHOD AND MAGNETRON
SPUTTERI NG APPARATUS—Technical Fi el d The present

i nvention generally gnetron 5 sputtering
nmet hods and magnetr M‘H@Wﬂmm‘m appar at uses, and
nore particularly, t resent invention relates to
magnetron sputtering nmetfibds and magnetron sputtering

appar atuses havin a plurality of targets in a vacuum
AAFIRON §§U'E§5'é¥§%mgfﬂﬂpt%r¥mmﬁw SPUTPERING APPARATUS
magnetron sputtering apparatus shown in Fig. 6 is

known as a type of nmagnetron sputtering apparatus. As
shown in Fig. 6, a magnetron sputtering apparatus 101
Fechnicadc Famldhanber 102 that is connected to a-

prescri bed 15 evacuati on system 103 and a prescribed

gas i nTheductseon phpentikdy geardadl gubrshatatse tb0Bagmet ron
which films are to be fornmed, is disposed in an upper

pow t i egmi nign sietBod 1 eanch cagne ¢ hambepruti@2 ing | appatawees, and

‘portion inside the vacuum chanber 102, a plurality of

nhargatesrtiCilar ey ditSpopeedsthat imespaohi velytdave amag@btron
magnetic circuit form ng nenber 105. Each target 107
sputttnfingume thsdis hartchatagae prenl etmratiene dgvappage uses having
applied to the target 107 froma power supply 109 via

a hhokdlngypbéat eadf s ihhenyaauwhicathb2t0 that is set

to a ground potential is disposed between the targets

107 in order to stably generate

Background Art

Conventionally, a magnetron sputtering apparatus shown in
Fig. 6 is known as a type of magnetron sputtering apparatus.

As shown in Fig. 6, a magnetron sputtering apparatus 101
has a vacuum chamber 102 that is connected to a prescribed
evacuation system 103 and a prescribed gas introduction pipe
104, and a substrate 106, on which films are to be formed, is
disposed in an upper portion inside the vacuum chamber 102.

In a lower portion inside the vacuum chamber 102, a
plurality of targets 107 are disposed that respectively have a
magnetic circuit forming member 105. Each target 107 is
configured such that a predetermined voltage is applied to the
target 107 from a power supply 109 via a backing plate 108.

Then, a shield 110 that is set to a ground potential is

disposed between the targets 107 in order to stably generate

plasma on each of the targets 107 to form a uniform film on the

. T
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25 plasma on each of the targets 107 to forma uniform
filmon the 1 *@0002* substrate 106. Di scl osure of

the Invention Problens to be Solved by the Invention 5
However, in such a conventional system or process,

plasma i s absorbed by the shield 110 di sposed between
the targets 107 during filmformation so that a

non- erosi on regi on that has not been eroded renmains

prPat rafegl dR6ocated in the vicinity of the shield

110 of each target 107. 10 The presence of this
non-erosi on regi on causes an abnormal electrica

di scharge on the surface of the target 107, or
Phstlesunéeofr the afnvantdont he filmquality by

deposition of the target materials in the non-erosion
Pegprlems Hocbpr 8skved by ¢hei dnvevatsicachi eved to sol ve

such problenms 15 of the conventional system or

pr ocesEowewetl,t he pneseamtcorivavnenbnah swstdinr et pdotess, plasma
magnetron sputtering nmethods and nmagnetron sputtering

ap pabvsinises by hahe cainiedidgail Di daspdsed edteeenttiee targets 107
non- er osi on regi on so as to prevent an abnor nal

életig itidin fdirsetbsrgescc atiaeda byort-e-osabneregian thedi BAs not
present on the 20 surface of the target, and

deposstddenl ebmbfigein mAtreyiahslddiied GAUSRS vicinity of the
deterioration of the filmaquality. Means to Sol ve the
EnodlenmeE0 of each target 107.

The presence of this non-erosion region causes an
abnormal electrical discharge on the surface of the target 107,
or invites deterioration of the film quality by deposition of
the target materials in the non-erosion region.

The present invention was achieved to solve such problems
of the conventional system or process, and the present
invention is directed to magnetron sputtering methodé and
magnetron sputtering apparatuses that can significantly reduce
the non-erosion region so as to prevent an abnormal electrical
discharge caused by the non-erosion region present on the
surface of the target, and deposition of target materials that
causes deterioration of the film quality.

Means to Solve the Problems

In order to solve the above-described problems, the

present invention provides a magnetron sputtering method

comprises performing sputtering by generating magnetron
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In order to solve the above-descri bed probl ens, the
present invention provides a magnetron sputtering

nmet hod 25 conprises perform ng sputtering by
generating magnetron 2 discharges in the vicinity of a
plurality of targets, the targets being disposed
close to each other in order to be directly opposed
to the adjacent targets and each of the targets is
dieechardss iy theepbaiduiity od a RHSAMATA @spABILL S arfdes
appl ying vol tages having a phase difference of 180
tleggeles hagngt Hespeyerk elioseakgetactotiiegr eégcprdry to be
timng during the sputtering. In the above-described
pageet horepesetetd ngharetdiedent heargatsl vadesatavwhghe
phase difference of 180 degrees can be 10 periodically
dadgat s ernatlecyr appl 1ed ndepehdenit] iac entvatangeaswosghere, and
t he above-descri bed magnetron sputtering method, the

wpiptlagesy appl isge:st bat ey adjEeert di f getrscareyf DO pddgeks to
DC voltages. In the above-descri bed nmagnetron
sphatdedraceptnebhodt s 14 fa eoaencilesd dfintihg dokimgeshe

applied to the adjacent targets may be equal. In the
apoveexiescri bed nagnetron sputtering nethod, voltages
applied to the adjacent targets are always excl usive

t 0 eachinotirerabar@-dbhecpilestmagneteoh i putteniindesethod, the
magnetron sputtering

voltages having a phase difference of 180 degrees can be
periodically and alternately applied to the adjacent targets.

In the above~-described magnetron sputtering method, the
voltages applied to the adjacent targets may be pulsed DC
voltages.

In the above-described magnetron sputtering method,
frequencies of the voltages applied to the adjacent targets may
be equal.

In the above-described magnetron sputtering method,
voltages applied to the adjacent targets are always exclusive
to each other.

The present invention provides a magnetron sputtering
apparatus including a plurality of targets electrically
independent to each other disposed in a vacuum chamber, wherein
adjacent targets are disposed close to each other so as to

directly oppose to each other, and a voltage supply portion is

further provided that has a power supply capable of applying to
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apparatus including a plurality of targets
electrically independent to each other disposed in a

-vacuum chanber, wherein adjacent targets are disposed

close to each other so as to directly oppose to each
other, and a voltage supply portion is 25 further

provi ded that has a power supply capabl e of applying

to 3 each target voltage having a phase difference of
98@“cﬁ%ﬁqg§svoig@%%dQ4WkﬂgyaaPhéﬁ?NQ&ﬁ%%§ﬁﬁFﬁe@ftlaﬁ Riggrees
In the above-described magnetron sputtering apparatus,
HesSRYce et feen RIRISiGradend tHMGW-s may be set to a

di stance 5 such that an abnornal electrical discharge
does ndn G @boveetpeenihdik ragpatemn sprtgerdngaapparatus, a
al so, plasma is not generated between the adjacent
spagretetwiegnt hiee nedrowbndf tehgeps esantbei seentd on dilsygance
appl yi ng vol t ages havi ng a phase difference of 180
degh egmtt @ant hkendtnaldjedeentritak geischalige does digpesedr
close to each other at a prescribed timng during
bptvear ithg, adf abeconesgedssi she dlso,spadbbya generctt geaerated
uni form pl asma on each target even in a state in
bbtwdera tdiei ebdacsntnatayyedsi. ded bet ween the targets. As
a result, according to the present invention, the non-
15 er odnorhe egitbndcaf tiee Jirgsiehi camtdnt iroedubgdap@hging
consequently, it is possible to prevent an abnor nal
ebkicdgdc dlavdhg chaslgeseonli fifbeescrs fafc d 80f deheedartgettheas
well as to prevent deposition of target materials in
bdfacwt ebeseds tleg Girecasistcedisclpeesitbl €ach other at a

prescribed timing during sputtering, it becomes possible to
stably generate a uniform plasma on each target even in a state
in which a shield is not provided between the targets.

As a result, according to the present invention, the non-
erosion region can be significantly reduced; and consequently,
it is possible to prevent an abnormal electrical discharge on
the surface of the target, as well as to prevent deposition of
target materials in the non-erosion region as much as possible.

In addition, with the apparatus of the present invention,
the above—describéd method of the present invention can be

easily performed with good efficiency.

Effects of the Invention
According to the present invention, it is possible to

stably generate uniform plasma on each target even in a state
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In addition, with the apparatus of the present

i nvention, 20 the above-described nethod of the

present invention can be easily perforned with good
efficiency. Effects of the Invention According to the
present invention, it is possible to 25 stably

generate uni form pl asma on each target even in a state

4 in which a shield is not provi ded between the

fRrgeteh a chaseéquentNgt Arovigdegdestivsien thepkayesiis an
abnormal electrical discharge on the surface of the
fangequerdd et a8 pespideetit PHRUY EinoabbPrmak gdiectrical
materials in the non-erosion region as 5 nmuch as

pgosshdpige oBr itbe Pestaderafohef targetDr asi Wgsl g .tol prevent
a cross-sectional view show ng a configuration of a
pagoet tiom sfuteegéhgnappEardsusn adoordinrgrbeiam region as
enbodi mrent 10 of the present invention. Fig. 2 is a

tboh ngs glearstibdhowi ng an exanpl e of waveforns of

vol tages applied to targets of the present invention.

Fig. 3 shows timng charts showi ng the rel ati onships

bet ween frequenci es and waveforns of the voltages

Bppéf avbdaripthohhef t theg®rawihggs. 4(a) and 4(b) are
timng charts showi ng another exanple of waveforns of

vol t agesgapplied teothes¢a@rigeiad. viéwgshd{ialy iascanfiguration
expl anat ory di agram showi ng a state of

of a magnetron sputtering apparatus according to an embodiment

of the present invention.

Fig. 2 is a timing chart showing an example of waveforms
of voltages applied to targets of the present invention.

Fig. 3 shows timing charts showing the relationships
between frequencies and waveforms of the voltages applied to
the targets.

Figs. 4(a) and 4 (b) are timing charts showing another
example of waveforms of voltages applied to the targets.

Fig. 5(a) is an explanatory diagram showing a state of
targets of a comparative example.

Fig. 5(b) is an explanatory diagram showing a state of
targets of a working example.

Fig. 6 is a cross-sectional view showing a configuration
of a magnetron sputtering apparatus according to conventional

techniques.
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targets of a conparative exanple. 20 Fig. 5(b) is an
expl anatory di agram showing a state of targets of a
wor ki ng exanple. Fig. 6 is a cross-sectional view
showi ng a configuration of a magnetron sputtering
apparatus according to conventional techniques. 25 5
Descri ption of Reference Nunerals 1. magnetron
sputtering apparatus, 2: vacuum chanber, 6:
Baparirtiion gfgRefemnagCNamgrabf: target, 10: vol tage
supply portion, 11A, 11B, 11C and 11D: power supply,
12: my@atagpa SPebhe¥ U9 pEPRrahuBest: Madduofhaarenyi g
Qut the Invention A preferred enbodi nent of the
preseratd,nBdBRi oBBi 8C desic BPhbedtdredadw ilA : depbidgenisupply
reference to acconpanying 10 drawings. Fig. 1 is a
ppossesedilifondlByi B solwvlag: apewwe isguppdli obh2: ofolaage
magnetron sputtering apparatus according to an
epbodd hgrtrtiofh t he present invention. As shown in Fig.
1, a magnetron sputtering apparatus 1 of 15 the
present enbodi nent has a vacuum chanber 2 to which a
prescri bed evacuati on system 3 and a prescri bed gas
Bast aduids ifor fapeyinqmtcahaelneshtaiooh t 0 which a
vacuum gauge 5

A preferred embodiment of the present invention is

described below in detail with reference to accompanying
drawings.

Fig. 1 is a cross-sectional view showing a configuration
of a magnetron sputtering apparatus according to an embodiment
of the present invention.

As shown in Fig. 1, a magnetron sputtering apparatus 1 of
the present embodiment has a vacuum chamber 2 to which a
prescribed evacuation system 3 and a prescribed gas
introduction pipe 4 are connected and to which a vacuum gauge 5
is also attached.

In an upper portion inside the wvacuum chamber 2, a
substrate 6 that is connected to a power supply (not shown) is
disposed while being held by a substrate holder 7.

In the present invention, while it is possible to fix the
substrate 6 at a prescribed position in the vacuum chamber 2,
with a view to securing a uniform film thickness, it is

preferable to adopt a configuration in which the substrate 6 is
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is also attached. In an upper portion inside the
vacuum chanber 2, a 20 substrate 6 that is connected
to a power supply (not shown) is disposed while being
hel d by a substrate holder 7. In the present
invention, while it is possible to fix the substrate
6 at a prescribed position in the vacuum chanber 2,
with a viewto securing a uniformfilmthickness, it
neved it afagr abl ewavingoprtatéenferyattitdndi n whi ch the
substrate 6 is 6 noved by way of swaying, rotation or
shiftiAQ.alkower peetiporinyfs fhpdeachan \aiambar chamber
2, a plurality of targets 8 (in the present
phboall Hentof 8ArgeB; Bdinattegpyesard reabpdinevel \BA, 8B, 8C
pl aced on backing plates 9A, 9B, 9C 5 and 9D, being
ehac8l) cald yespdepenglentrlefednen drmotkien. platenelr, 9B, 9C
present invention, the nunber of targets 8 is not
padt Peul@Ering kletted:alHowendepenwddrt afviosw émother.
achieving nore stable electrical discharge, it is
pr ef er @bl ehd¢ Eyesenicdénaentieyethauntmereofofl arggess 8 is not
10 In the present enbodi nent, the targets 8A 8B, 8C
padt Binlaarly flomieedi nHoveveexanphea aieectargiliaring more
shape, and are provided at the sane height. Wth a
viehld eleetuical) &isutidrgen itilsmprdfekaeds (6iprovide an
quality), the targets 8A, 8B, 8C and 8D are disposed
elres enuntbegacli obhgstswch that side face portions 15 in
the longitudinal direction of the respective adjacent

In the present embodiment, the targets 8A, 8B, 8C and 8D

are formed in, for example, a rectangular shape, and are
provided at the same height. With a view to securing a uniform
film thickness (film quality), the targets 8A, 8B, 8C and 8D
are disposed close to each other such that side face portions
in the longitudinal direction of the respective adjacent
targets 8A and 8B, 8B and 8C, and 8C and 8D directly opposed to
each other.

In this case, with a view to securing a uniform film
thickness (film quality), it is preferable to adopt a
configuration in which a region for disposing the targets 8A,
8B, 8C and 8D is larger than the size of the substrate 6.

In the present invention, a spacing between the adjacent
targets 8A and 8B, 8B and 8C, and 8C and 8D is not limited to a
particular distance. However, it is preferable to set the

spacing to a distance at which an abnormal electrical discharge
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targets 8A and 8B, 8B and 8C, and 8C and 8D directly
opposed to each other. In this case, with a viewto
securing a uniformfilm thickness (filmaquality), it

is preferable to adopt a 20 configuration in which a
region for disposing the targets 8A, 8B, 8C and 8D is

| arger than the size of the substrate 6. In the

present invention, a spacing between the adjacent
targelsSBRrGRd 680 SBtamgCcaC, bakiiesT thisd agMa¢enthdrargets,
limted to a particular distance. However, it is

phef Bpbler Pdased thaIb gspacahed thetaveghnsthacadjmcent

whi ch an abnormal electrical discharge 7 (arc

tpsaely ¢&) a0de8BnodB culuBChean@ el tansl §8j heeed on Paschen’s
targets, and further plasma is not generated between
the. adj acent targets 8A and 8B, 8B and 8C, and 8C and

8D based on Paschen's law. 5 In the present

enbodi kenthe igrasentoafpodiererlty theipresehitrmednizgntios present
that when the spaci ng between the adjacent targets 8A
anve8®)rs8BhandwB&, tdrd spEcand BErveer] ¢bse dldmcdntmmargits 8A
abnormal el ectrical discharge (arc discharge) occurs

bed wiien 8Bhendaff acamnt SCarmgdt 8D idhelrezas thhashami,S an abnormal
gener ated when the spacing 10 exceeds 60 mm

€ peessiurad: d@sdhfage sty ideédcpharegs). cHEuAsCh@)weerAlt$e,

taki ng a drawback that a filmadheres to the side face
pofdcart aargbes) ikeraast beaboagid ubineahtddr eiedn aheokpacing
the targets 8Ato 8D into account, it is nore
pred¢etaldOenno (peésddre: 0.3 Pa, supplied power: 10 W/cm?).

Also, taking a drawback that a film adheres to the side
face portion or the like in the longitudinal direction of the
targets 8A to 8D into account, it is more preferable to set the
spacing to 1 mm or more and 3 mm or less.

On the other hand, a voltage supply portion 10 for
applying a prescribed voltage to the targets 8A, 8B, 8C and 8D
is provided on the outside of the vacuum chamber 2.

The voltage supply portion 10 of the present embodiment
has power supplies 11A, 11B, 11C and 11D that respectively
correspond to the targets 8A, 8B, 8C and 8D. These power
supplies 11A, 11B, 11C and 11D are connected to a voltage
control portion 12 such that the magnitude and timing of output
voltages are controlled; and thus, prescribed voltages
described below are applied respectively to the targets 8A, 8B,

8C and 8D via the backing plates 9A, 9B, 9C and 9D.
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spacing to 1 mmor nore and 3 nmor less. 15 On the

ot her hand, a voltage supply portion 10 for applying

a prescribed voltage to the targets 8A, 8B, 8C and 8D

is provided on the outside of the vacuum chanber 2.

The voltage supply portion 10 of the present

enbodi nent has power supplies 11A, 11B, 11C and 11D

that respectively 20 correspond to the targets 8A, 8B,

8C andBsbov THs asbiee PhiRs %8s 2BA, °G1@md PP aaseiwDon
are connected to a voltage control portion 12 such

that sidre qfaghet baeknm rliafeAgodf Pt fA¢t andoPP agrpsdite to
controlled; and thus, prescribed voltages described
bbtowazgetsaPpl i 88, r &s past Blel pagretive dlgeyget st@mirgBmembers
25 8C and 8D via the backing plates 9A, 9B, 9C and 9D.
83Bel b¥B t HeChaoki hgD pH =t eso9AdedB n@ONG, 9B r redamiple, a
on the side of the backing plates 9A, 9B, 9C and 9D
ppposndre treagnehe targets 8A, 8B, 8C and 8D, nmmgnetic
circuit formng nenbers 13A, 13B, 13C and 13D are

provi déd thelndisegt fovemxianpl elthobglpermare posailghetto fix
In the present invention, although it is possible to

thz madremmrgeetrioici famingf nembegs MEMelSBL3A3C 1818 13D at
13C and 13D at prescribed positions, with a viewto
achseviwgl poisioionsy with af oieedteoregidteivéingi eeifidrsyitivt in
is preferable to adopt, for 10 exanple, a

Conhed utiadnieaici oinwbuicts,t He tragpesferatiliectibt adopty Mgr
menbers 13A, 13B, 13C and 13D reciprocally nove in a
BaamgDst & configuration in which the magnetic circuit forming

members 13A, 13B, 13C and 13D reciprocally move in a horizontal
direction.

It should be noted that it is preferable to configure the
magnetic circuit such that the leakage magnetic field produced
on the surface of each of the targets 8A, 8B, 8C and 8D is such
that the horizontal magnetic field is 100 to 2000 G at the
position with a vertical magnetic field of 0.

A preferred embodiment of a magnetron sputtering method
according to the present invention is described below.

In the present embodiment, when sputtering is performed
under a prescribed pressure after a sputtering gas is
introduced to the inside of the vacuum chamber 2, voltages
having a phase difference of 180 degrees are applied at a
prescribed timing to the adjacent targets 8A and 8B, 8B and 8C,

and 8C and 8D.
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direction. It should be noted that it is preferable to
configure the magnetic circuit such that the | eakage
magnetic field produced 15 on the surface of each of

the targets 8A, 8B, 8C and 8D is such that the

hori zontal magnetic field is 100 to 2000 G at the

position with a vertical magnetic field of 0. A

preferred enbodi nent of a magnetron sputtering nethod
accor dFag- t® ishe piadeatchante shiowhny san exsw@niodedobevaygforms
20 I n the present enbodi nent, when sputtering is
pérvolmaaes apgdicd e ddvy itbadeps esk e piteeent invention.
sputtering gas is introduced to the inside of the
vacuunhehaindrer iy Rigltagesn trdwi rgamp phase ldiabker earceng a
of 180 degrees are applied at a prescribed timng to
thesadjatferencear gét $88AdegbBB,as8BeandilBg] bddwando8Cexample,
and 8D. 9 Fig. 2 is atimng chart showi ng an exanpl e
erewaeefaiite l11gf andl dlagesaapplyi @oblied e the gadma@nt

the present invention. As shown in Fig. 2, in this
exagpt€,8/a@ntlagBs BRAmy 88, phdseC dirfd @éDence of 180
degrees as described below, for exanple, 5 are

per i odMoat | yamnidudbréy natrelthiappkordl ¢ p gliscadpacenitages
targets 8A and 8B, 8B and 8C, and 8C and 8D. More

paet appllisrd Yo khet tdisgesanpl eo g sed DC vol tages are
applied to the targets 8Ato 8D. 1In this case, in

vi ew ofinrehiallasegenar aténpPIr@siBbOY generating plasma on

the targets 8A to 8D, it is preferable that the voltages
applied to the adjacent targets 8A and 8B, 8B and 8C, and 8C
and 8D have waveforms that are exclusive to each other that
include no period in which the voltages applied to the adjacent
targets are at the same potential; i.e. waveforms that do not
overlap each other.

In the present invention, it is preferable that the
frequency of the voltages applied to the targets 8A to 8D is as
low as possible in a range in which charged electrical charges
escape (specifically, e.g. 1 Hz or more).

The upper limit of the frequency of the voltages applied
to the targets 8A to 8D is set as described below.

Fig. 3 shows timing charts showing the relationships
between the frequencies and the waveforms of the voltages
applied to the targets.

A case 1is described in which the above-described pulsed

10
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10 the targets 8A to 8D, it is preferable that the
voltages applied to the adjacent targets 8A and 8B,

8B and 8C, and 8C and 8D have waveforns that are
exclusive to each other that include no period in

whi ch the voltages applied to the adjacent targets

are at the sane potential; i.e. waveforns that do not

15 overlap each other. In the present invention, it is
Preveltaadas gt appbied egadiagent tawers faged RMphatebave
to the targets 8Ato 8D is as | ow as possible in a
thageonfiamriaghonhde gdibsidegbpieal Ashahges Esddge 3, it is
(specifically, e.g. 1 Hz or nore). 20 The upper limt
oebnfhendd dquéehsey ohverHa ovolthagesp appllifedHzt oan leffect of the
targets 8A to 8D is set as described below. Fig. 3
shpasitdmmengfchhet sagjrowiAngnthe aml dthedmsbii psuitretiseemall,
the frequencies and the waveforns of the voltages

apgpl teerdfmrehehtavget rm i ractaseular cbspe) bes nat deformed.
whi ch the above-described pul sed 10 DC voltages are

appai eskula ,athyasentyiray getlsadeanskd udiaklhave thdhadjacent
configuration described above. As shown in Fig. 3, it
tsrgetonfA rameld B, npidsma icavebti palidisly weneoaldd kidz ,than
effect of the capacitance of the target A and B and
thegetcix camid 8.is small, 5 and therefore the waveform
(rectangul ar shape) is not deformed. As a result, by

appl yi og wiod tages exabpsitvelsy doaft heeddiracert préasget s

A and B, plasma can be reliably generated on the

invention that when the frequency of the applied voltage

exceeds 10 kHz (12 kHz in Fig. 3), an effect of the capacitance
of the target A and B and their circuits cannot be neglected;
and therefore, the waveform is deformed so as to be similar to
a sine wave. As a result, in the waveforms of the voltages
applied to the adjacent targets A and B, a period appears in
which the voltages have the same potential, and thus it becomes
impossible to reliably generate plasma on the targets A and B
as described above.

Accordingly, in the present embodiment, the frequency of
the voltages applied to the targets 8A to 8D is preferably 1 Hz
to 10 kHz.

In the present invention, although the adjacent targets
8A to 8D may be applied with the voltages of different
frequencies, in view of securing a uniform film thickness, it

is preferable to apply voltages of the same frequency to the

11
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targets A and B. On the other hand, it is confirned in
the present 10 invention that when the frequency of

the applied voltage exceeds 10 kHz (12 kHz in Fig.

3), an effect of the capacitance of the target A and B
and their circuits cannot be neglected; and

therefore, the waveformis defornmed so as to be

simlar to a sine wave. As a result, in the waveforns

e ety dlargges 9% tapPD-ed to the adjacent targets A

and B. a period appears in which the voltages have

t he saRee gea@vitiuge, ohnthe Hipd thgebe tobrat ricnposst bl aprlged to
reliably generate plasna on the targets A and B as

tlee crd iz nabbvege e ddy dion§Pyisimott erpiesbatrly limited.
enbodi nent, the frequency of 20 the voltages applied
Howetrr t dngetiew8Af taeBDing prefiefaiy yilmHzhidlnek®, kHE. is
In the present invention, although the adjacent

bee gutableB Aot apBLly Mol thgeappfi gtk wiare tnheniiohdeages tbok
different frequencies, in view of securing a uniform
ddjacdrti clamgsss 84 t268Ds preferable to apply vol tages

of the sanme frequency to the 11 adjacent targets 8A

t o 8D. IThehimguaistudin ofidvhefvekbhge sydredract ngCcpposwes Jon the
applied to the adjacent targets 8A to 8D is not
pardetcul8ar by BDmttedis plHewevasle it seewtbé mecutunngadue in
uniformfilmthickness, it is 5 preferable to apply

viod tagEsiok (he saretiegnbf utlee tapilied voltage to be equal

to the ground potential.

Figs. 4(a) and 4(b) are timing charts showing another
example of waveforms of voltages applied to the targets.

As shown in Figs. 4(a) and 4(b), in the present invention,
instead of the above-described pulsed DC voltage, AC
(alternation) voltages having a phase difference of 180 degrees
can be periodically and alternately applied to the adjacent
targets.

In this example as well, in view of reliably generating
plasma on the targets 8A to 8D, it is preferable that the
voltages applied to the adjacent targets 8A and 8B, 8B and 8C,
and 8C and 8D have waveforms exclusive to each other that
include no period in which the voltages applied to the adjacent
targets are at the same potential, i.e. waveforms that do not
mutually overlap.

Also, it is preferable that the frequency of the voltages
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adj acent targets 8A to 8D. In this case, in view of

stably generating plasma on the targets 8A to 8D, it

is preferable to set the maxinumvalue in the

positive (+) direction of the applied voltage to be

equal 10 to the ground potential. Figs. 4(a) and 4(b)

are timng charts show ng another exanpl e of

wavefornms of voltages applied to the targets. As shown
PRPH &3 . tU(tar 4AE99YD)8A ite PReliprasdmv pAvEAsSEMle in a

i nstead of the above-described pul sed DC voltage, AC

18ngel irervidchoahayetd sjestifagphochaqaess esdppe efsomse fafally,
180 degrees <can be periodically and alternately

appl i bdz ot heradj acent targets. In this exanple as

well, in view of reliably generating plasm on the

t ar get €n8the t@Br htnds praf ercapkett batthitchepp@r limit of the
vol tages applied to the adjacent targets 8A and 8B, 8B
anda&Scy arfd tBE wmobttBeshappluwadefortie ¢éacheasi 8 tta 8D, it is
each other that include no period in which the

vohfagesd dpplthedptesdrite iagieatens thar gékseatentatoft he

same potential, i.e. waveforns that do not nutually
detotreat id2b oAl sbe wadvdforor efier abl & timatrebhe &f eteerfegquency
of the voltages 12 applied to the targets 8Ato 8D is

as sovl assqrpasedl eitin the wapgeof nthihiabhvebhasgerti bed pulsed
el ectrical charges escape (specifically, e.g. 1 Hz or
pOregltage; and thus, it is possible to apply a voltage having

a ffequency of up to about ©0 kHz.

Accordingly, in this example, the frequency of the
voltages applied to the targets 8A to 8D is preferably 1 Hz to
40 kHz.

According to the present embodiment described above, by
applying voltages having a phase difference of 180 degrees to
the adjacent targets 8A and 8B, 8B and 8C, and 8C and 8D that
are disposed close to each other during sputtering, it is
possible to reliably generate uniform plasma on the targets 8A
to 8D even in a state in which shields are not provided between
the targets 8A to 8D. As a result, the non-erosion region in
the targets 8A to 8D can be significantly reduced; and
therefore, it is possible to prevent an abnormal electrical
discharge on the surface of the targets 8A to 8D, as well as to
prevent deposition of target materials in the non-erosion

region as much as possible.
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On the other hand, with respect to the upper limt of

the 5 frequency of the voltages applied to the target
8BAto 8D, it is confirned by the present inventors

that the extent of deformation of the waveform due to

an increase of the frequency is small conpared with

the case of the above-described pul sed DC voltage;

and thus, it is possible to apply a voltage having 10

a freqgbésey wofthyphe omaweritr@0 skHEtepdeb rediPagbyusi h of the
this exanple, the frequency of the voltages applied
pPoesent temogeineigny ttdiegpbioyepdeseridifidy methpdtef 4@ pHgsent
According to the present enbodi nent described above,
byverisicapglepi hg sadilagesriavined witgphaseddef f e¢iency - of

180 degrees to the adjacent targets 8A and 8B, 8B and
8C, anth8@mwn8Dinhentiar eati dposerl cidbs® tio eaptescribed
ot her during sputtering, it is possible to reliably
genezated warfonsn s fonarbet$ arget $h8Ae 1o BDreseéniction
in a state in which shields are not provided between

20 the thyaegetsa8fputareBiingAgaa tlesuldan bheimoredraesi.on
region in the targets 8A to 8D can be significantly
Werkioes Exangllet herefore, it is possible to prevent an
abnormal electrical discharge on the surface of the
targeta BikimgBbxaaslaedt AR peespnevanterdepasisi ddsafibed
target materials in the non-erosion 25 region as much
Bslpossi ble. 13 Also, with the magnetron sputtering
apparatus 1 of the

<Working example>

The magnetron sputtering apparatus shown in Fig. 1 is
used and six sheets of targets obtained by adding 10 wt% of SnO;
to InyO3 are disposed in the vacuum chamber.

Then, a sputtering gas including Ar and 0, was introduced
to the inside of the vacuum chamber. Under a pressure of 0.7 Pa,
voltages that have pulsed rectangular waves with the opposite
phases (frequency: 50 Hz, supplied power: 6.0 kW) as shown in
Fig. 2 are applied to the targets to perform sputtering.
<Comparative Example>

Sputtering is performed under the same process conditions
as those of the working example, using the magnetron sputtering
apparatus of the conventional techniques shown in Fig. 6.

While a non-erosion region 80 with a width of
approximately 10 mm is present on the rim portion of the target

8 in the comparative example as shown Fig. 5(a), and almost no

14



present enbodi nent, the above-described nethod of the
present invention can be easily perforned with good
ef ficiency. The present invention can be applied to an
unprescri bed 5 nunber of various types of targets;
and there is no restriction to the type of a
sputtering gas that can be introduced. Wrking
Exanpl e A working exanple of the present invention is
HescefpEd®n rBelew. 13 Prepsiki Ag Ei@npePoThecnmfhdtheofarget
sputtering apparatus shown in Fig. 1 is wused and six
8heet shefvargiget examls med sbgwaddi 920 Swbds of Sn02

to 1n2A8 are disposed in the vacuum chanber. Then, a
sputtering gas including Ar and 02 was introduced 15
to the inside of the vacuum chanber. Under a pressure
of 0.7 Pa, voltages that have pul sed rectangul ar
waves With the opposite phases (frequency: 50 Hz,
supplied power: 6.0 kW as shown in Fig. 2 are
applied to the targets to performsputtering.
<Conpar ati ve Exanple> 20 Sputtering is perfornmed under
the sane process conditions as those of the working
exanpl e, using the magnetron sputtering apparatus of
t he conventional techniques shown in Fig. 6. Wile a
non-erosion region 80 with a wdth of approximtely
10 mmis present on the rimportion of the target 25
8 in the conparative exanple as showmn Fig. 5(a), and
al nost no

15



10

15

20

25

14 non-erosion region is present in the rimportion of
the target 8 in the working exanple as shown in Fig.
5(b). 15 SCOPE OF CLAIMS 1. A nmgnetron sputtering

met hod, conprising; perform ng sputtering by

generating a magnetron discharge 5 in the vicinity of

a plurality of targets, the targets being disposed in
cl ose each other in order to be directly opposed to
BREPH (EaLEAIMBar get s, wherein each of the targets is

el ectrically independent in a vacuum at nosphere; and
appl yi ng vol tages having a phase difference of 180 10
degrees to the adjacent targets at a prescribed timng
duri ng® ndmnedyont epukering Meghadgneamwn sspdtt eri ng

met hod according to claim 1, wherein the voltages

havi ngrer shasegdsphetenow oy ¢80cueyreprs magnareon discharge
periodically and alternately applied to the adjacent
targe: yyiciBitThet magretwadnt g pof termagsg spet hedtacredsdbagng
to claim1, wherein the voltages applied to the
dijpest ihacgess eaeh puhsedin280rdd@ ol bagésreck lyTheposed to
magnetron sputtering nmethod according to claim1l,
vheraljadeneqtiengetes, ofhetrkénveddlages tappkaeget© itshe

adj acent

electrically independent in a vacuum atmosphere; and

applying voltages having a phase difference of 180
degrees to the adjacent targets at a prescribed timing during

the sputtering.

2. The magnetron sputtering method according to claim 1,
wherein the voltages having a phase difference of 180 degrees
are periodically and alternately applied to the adjacent

targets.

3. The magnetron sputtering method according to claim 1,
wherein the voltages applied to the adjacent targets are pulsed

DC voltages.
4. The magnetron sputtering method according to claim 1,

wherein frequencies of the voltages applied to the adjacent

targets are equal.
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targets are equal. 25 16 5. The mamgnetron sputtering
nmet hod according to claim1, wherein voltages applied
to the adjacent targets are always exclusive to each
other. 5 6. A nagnetron sputtering apparatus,
conprising: a plurality of targets electrically

i ndependent to each other disposed in a vacuum
chanmber, wherein the targets are disposed close to
each ol hermadpesrgar spet by idiar aethgd opperseld ngotot gkaim 1,
adj acent targets; and 10 a voltage supply nenber
HAST &oB6REES suppl e dpabhe atlacamyl FeRgeVdlamyalways
havi ng a phase difference of 180 degrees to each
exchetiveespecarhedthent- a predetermined timing. 7. The
magnetron sputtering apparatus according to claim®6,

15 wherein a space between the adjacent targets is set
to a distance that an abnornal electrical discharge
foes nbdtmaywironbepueedr irie apppasens, tamgetisingnd al so
pl asma i s not generated bet ween t he adj acent
targets.pRrallity of targets electrically independent to each

other disposed in a vacuum chamber, wherein the targets are
disposed close to each other in order to be directly opposed to
the adjacent targets; and

a voltage supply member having a power supply capable of
applying voltage having a phase difference of 180 degrees to

each target respectively at a predetermined timing.

7. The magnetron sputtering apparatus according to claim 6,
wherein a space between the adjacent targets is set to a
distance that an abnormal electrical discharge does not occur
between the adjacent targets, and also plasma is not generated

between the adjacent targets.
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