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MAGNETRON SPUTTERI NG METHOD AND MAGNETRON SPUTTERI NG APPARATUS Techni cal

Field The present invention generally relates to magnetron 5 sputtering

nmet hods and rmagnetron sputtering apparatuses, and nore particularly, the

present invention relates to nmagnetron

sputtering methods and nagnetron

sputtering apparatuses having a plurality of targets in a vacuum chanber.

10 Background Art Conventionally,

Fig. 6, a NMegRERERDNE

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

ApAfoN WRD LMAGNEMHOND SPOSYHRTNG HBI9RaAFEE t hat

is connected to a prescribed 15 evacuation system 103 and a prescribed gas
i ntroduction pipe 104, and a substrate 106, on which filns are to be

formed, is

di sposed in an upper portion inside the vacuum chanber 102.

In a

| ower portiankﬂféégaéﬁgidyacuun1chanber 102, a plurality of targets 107 are

di sposed t hat respective

y have a 20 magnetic circuit form ng nenber 105.
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more particularly, the present invention relates to magnetron
sputtering methods and magnetron sputtering apparatuses having

a plurality of targets in a vacuum chamber.

Background Art

Conventionally, a magnetron sputtering apparatus shown in
Fig. 6 1s 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
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1 substrate 106. Di sclosure of the Invention Problens to be Solved by the

I nvention 5 However, in such a conventional system or process, plasma is
absorbed by the shield 110 di sposed between the targets 107 during film
formati on so that a non-erosion region that has not been eroded remains in
a region located in the vicinity of the shield 110 of each target 107. 10
The presence of this non-erosion region causes an abnornal electrical

di scharge on the surface of the target 107, or invites deterioration of the
filmaqualit osist-ion of the target materials in the non-erosion

regi on. Thexﬁgéggﬁgaﬁﬁ§éntion was achi eved to solve such problens 15 of the
conventional system or process, and the present invention is directed to
magnetron sputtering methods and nmagnetron sputtering apparatuses that can
significant]ly reduce the non-erosion region so as to prevent an abnornma

el ectrical Dé?%%ﬂ%?ﬁ%°€éﬁ§%dI?NeQ#ﬁ?QMon-erosion region present on the 20
surface of the target, and deposition of target materials that causes

det eri or at | BROBtemH Ex PenSlved tBy theafavertin ve the Problems In order to

sol ve the above-descri bed problens, the present invention provides a
magnet r dn sput t er HAgeveithdd such a conventional system or process, plasma

is absorbed by the shield 110 disposed between the targets 107
during film formation so that a non-erosion region that has not
been eroded remains in a region located in the vicinity of the
shield 110 of each target 107.

10 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

15 of the conventicnal system or process, and the present
invention is directed to magnetron sputtering methods 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

20 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

25 comprises performing sputtering by generating magnetron



| |

25 conprises performng sputtering by generating nmagnetron 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 electrically independent in a vacuum atnosphere, and 5
appl yi ng vol tages having a phase difference of 180 degrees to the adjacent
targets at a prescribed timng during the sputtering. In the
above-descri bed nmagnetron sputtering nmethod, the voltages having a phase

di fference 180 fegr ge . he . r i oy L.y .a tely applied to
t he adjacen?I?arg g.lﬁl§h§ﬁ§'a?8V§;ggs%ﬁ?%%%hﬁ§5n§?rg%£§%%?tg%%ng nmet hod,
the voltages_anpplied to.the adjacent r get,s be_pul sed DC,_ voltages. In
t he above- dgaslé i Se(?eﬁgang%?%%s%dpuct CEri %g %%C‘f}h(?g%%ﬁl?r%a%%ﬂcqoegeof t he

vol tages applied to the adjacent targets na e equal. In

above- descr&b]é%c gr????ﬁﬁgs?)%t%ﬁ iaﬁé%ﬁ'ﬁPBoE%/rg 5l ?géega%}bp?}i gfglet o the

adj acent targets are always exclusive tqQ each other. 20 The present

i nvention pF%@?%Rﬁ;%? ﬁ&@ﬁg¥+?ﬁ#%Mnh99€PPﬂaen%p%hFhW€§uPﬁc?Emﬁ§R?Q§epI6?§Iity

of targets electrically independent to each other disposed in a vacuum
chanber 5> whaPeilying voltages having a phase difference of 180 degrees to

the adjacent targets at a prescribed timing during the
sputtering.

In the above-described magnetron sputtering method, the
voltages having a phase difference of 180 degrees can be

10 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,

15 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.

20 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

25 further provided that has a power supply capable of applying to



adj acent targets are disposed close to each other so as to directly oppose
to each other, and a voltage supply portion is 25 further provided that has
a power supply capable of applying to 3 each target voltage having a phase
difference of 180 degrees respectively at a predetermned timng. In the
above-descri bed magnetron sputtering apparatus, a space between the

adj acent targets may be set to a distance 5 such that an abnormal el ectrical
di scharge does not occur between the adjacent targets; and also, plasma is
not gener at edch betngeenvbheagsjlaceamny tapness.dilffdrkacaedbholB ®fdddreepr esent

i nvention, by applying voltages having a phase difference of 180 degrees to
the 10 adj agempedtarngeat/sat hatpaddetdrgpasadt hosge to each other at a
prescribed timng during sputtering, it becones possible to stably generate

a uniform plasma o €3 hdoRedatseYBhed hagnst abg %édtﬂ/@iii@l@ apphigtk,i & not
provi ded between the targets. As a result, according to the present

i nvention, LBe-OQRet LanetAs! 9 J&GHORAE Qqnasj%@fslefegfélé{ cﬂfsda%g%: and

consequently, it is possible to prevent an abnornmal electrical discharge on
the SyrfSaC?SQ{:htﬂ%tt aL98hno At el le 2% 591 P Pé’c%&g%%%%é%?@ &ch darget
materials in the non-erosion region as nuch as possible. Tn a éﬁtlon, W th

the appar at s of 4 NBPLERENLN VAN anB L1l FA9RaTPECKIPeLTRLREY of
between the adjacent targets.
In the method of the present invention, by applying
voltages having a phase difference of 180 degrees to the
10 adjacent targets that are disposed close to each 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-
15 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,

20 the above-described 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

25 stably generate uniform plasma on each target even in a state
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easily perfornmed with good efficiency. Effects of the Invention According to
the present invention, it is possible to 25 stably generate uniform plasma
on each target even in a state 4 in which a shield is not provided between
the targets. Consequently, it is possible to prevent an abnormal el ectrical
di scharge on the surface of the target, as well as to prevent deposition of
target materials in the non-erosion region as 5 nmuch as possible. Brief

Description of the Drawings Fig. 1 is a cross-sectional view show ng a

cont i gur ati gn 9fc;f JRGNEHONS SRY! LEI1GAPRA AL @Ecendiogsto an

enbodi nent t he pr esent inverition. Fig s ati g chart showi ng an

I f | i,ed f
oxarml e of peyelasg bl ol Logee. anal tecc i b o Sl bfe presenty
f requenci esg)lsd?wavef or

oftevo Iledto 5thetar et.Flgs
4(2) and 4(BLoGPE fmgRenart SSehotl 31 SHOERET AR oSt RS of
vol tages applied to the targe is an explanatory di agram shovm' ng
a state of 8?8?@&330%101: t@Baﬁ‘ér%ﬁ“_f‘?fg‘aév?aﬁ%l Bhe P1E&F OS5 OR) r?g%l%{h Fxpl anat ory
di agram showi ng a state_of
much as possible.

Brief Description of the Drawings
Fig. 1 is a cross-sectional view showing a configuration
of a magnetron sputtering apparatus according to an embodiment
10 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
15 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) 1s an explanatory diagram showing a state of
targets of a comparative example.
20 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.

25



targets of a working exanple. Fig. 6 is a cross-sectional view show ng a
configuration of a nmagnetron sputtering apparatus according to conventi onal
techni ques. 25 5 Description of Reference Nunerals 1: nagnetron sputtering
apparatus, 2: vacuum chanber, 6: substrate, 8(8A, SB, 8C and 8D): target,
10: voltage supply portion, 11A, 11B, 11C and 11D: power supply, 12:
voltage 5 control portion Best Mdde for Carrying Qut the Invention A
preferred enbodi nent of the present invention is described below in detai

Wi th refer epgget HtaonOBRaRYESSndd) Nid¥hgs. Fig. 1 is a cross-sectional
vi ew showi ng a configuration of a magnetron sputtering apparatus according

to an enbodi f_ ~t-h i Lon. ' I . a magnetron
Aol Syl SEEtle LYSLLRD, o SR (ABla

sputtering apparatus 1 o as a Vacuum chanber 2
to which a i be acgiat i 1 3 a presgcripe
introducti0%8%5%%h%”agé§§bpﬁﬁbyﬁgfgﬁg%ﬁglWH%%%ﬁa 3§cu§%4§%%b%ﬁ§pl¥s al so
attached. In an Uppen PortLom {0side,h8e ¥aeuum gnauber 2. & tage

5 control portion

Best Mode for Carrying Out the Invention

A preferred embodiment of the present invention is

described below in detail with reference to accompanying
10 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

15 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 vacuum chamber 2, a

20 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

25 preferable to adopt a configuration in which the substrate 6 is



| )

20 substrate 6 that is connected to a power supply (not shown) is disposed
whil e 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
chanmber 2, wth a viewto securing a uniformfilmthickness, it is 25
preferable to adopt a configuration in which the substrate 6 is 6 noved by
way of swaying, rotation or shifting. In a lower portion inside the vacuum
chanber 2, a plurality of targets 8 (in the present enbodi nent, BA, 8B, 8C

and 8D) are_respectively placed on backi.n | ates..9A, 9B, 9C 5 and 9D,
bei ng eIectFngﬁléyfﬁieﬁgﬁégéyl%?’cﬁé}%§%8gh§¥.s$%§§%ﬂ9'present i nvention, the
nunber of targets._8 is,not articularly limted. However, with a viewto
achi evi ng nore sg&b?el%W%Eﬁgﬁgépnd?gﬁﬁg?ég@ W?CPEmp$§¥§Fﬁbﬁ% fo provide an
even nunber Qf targets_ 8. 10 In_the present enbodinent, the targets BA, 8B,
BC and 8D élrf’léﬂgiéooﬁ 2186+ SeR ampl &Pea Preeerhgemeadisicape, 8%ndg%1r &€
provi ded at the same height. Wth a view to securing a uniform film
t hi ckness (f®NAnBRLUa#FE WeSPerREivat yarla@a ogBPagkingdlgibesaP, dPBpo¥ed cl ose
to each other such that side face portions 15 in the |ongitudinal direction
of the respeadi 98, degnestlectaiget by sadepengent s&f aonk 80othad- 8C and 8D
directly opposed to each other.

In the present invention, the number of targets 8 is not

particularly limited. However, with a view to achieving more
stable electrical discharge, it is preferable to provide an
even number of targets 8.

10 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

15 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

20 configuration in which a region for disposing the targets 83,
8B, 8C and 8D is larger than the size of the substrate 6.

In the present invention, a spacing between the adijacent
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

25 spacing to a distance at which an abnormal electrical discharge
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In this case, with a view to securing a uniformfilm thickness (film
quality), it is preferable to adopt a 20 configuration in which a region for
di sposing 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 limted to a particular
di stance. However, it is preferable to set the 25 spacing to a distance at
whi ch an abnormal el ectrical discharge 7 (arc discharge) does not occur

bet ween t he h ner d bet ween

t he adj acent gg{:ar gg}%ha&?ﬁg éeﬁé%‘gé)é& %:t‘pandn%é ngase ’Paschen’ s
law. 5 In the.p L ment is_confirnmed b he_prese |nventors
t hat when tﬁgd % g[g\fg‘%nl? %Ot (ﬂe&%ﬁge ak?%fe"fese%,&% ﬁ@j%ﬁn B and 8C,
and 8C and 8D is e s tha bnor ctrical dischar (arc

di schar ge) Géﬁﬁ?gsb% %Phegg]d?%fg igaé(t:s @?&@éée I%%n%asicg‘e&eﬁer at ed
when the spacing 10 exceeds 60 nn1(pressure 0 3 Pa, supplied power: 10
WcnR) . Al 48W- 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 B Fbeerprsemdr ghPedimendot itthds spativeed &yl the Presaiite and

3 mmor less. 15 On the other hand, a voltage supply portion 10 for
inventors that when the spacing between the adjacent targets 8A

and 8B, 8B and 8C, and 8C and 8D is less than 1 mm, an abnormal

electrical discharge (arc discharge) occurs between the

adjacent targets, whereas plasma is generated when the spacing
10 exceeds 60 mm (pressure: 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.

15 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 114, 11B, 11C and 11D that respectively

20 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,

25 8C and 8D via the backing plates 93, 9B, 9C and 9D.



applying a prescribed voltage to the targets 8A, 8B, 8C and 8D 1is 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 and 8D. These power
supplies 11A, 11B, 11C and 11D are connected to a voltage control portion
12 such that the magnitude and timng of output voltages are controll ed;
and thus, prescribed voltages described below are applied respectively to

o B S0 BT SR RN 000 BB ©
backi ng plates 9A, 9 C and 9D aq Si t r.gets 8A, .8B, .8C and 8D,
magnet i c ci%§%|§lq%n4% ﬁg n@ﬁ%ﬁ%% é&é& '% %%K;5§1 fs%ba?%P?ﬁiif d&d

Al though'| ¢ g %%%%%e@wo??peéc“%@"@agn%ﬁ?%ez{c?éﬂ‘rﬁu Rbr £ e A5EPE T A,
13B, 13C and_13D at _prescribed positions, with a V|em/to achleV|ng

uni fornmity Ld/ f5¥h9&3§a§ﬁ€tF%DC§QQNHrP§ld?@ RchiEngr abPE ¢¥AMRISHt 2 for 10
exanple, a configuration in which the nmagnetic circuit formng mnenbers 13A,
13B, 13@3anHe£@{W¥§bmﬁﬁﬁéékly nmove in a horizontal direction. It should be

noted that it is preferable to configure the
In the present invention, although it is possible to fix

the magnetic circuit forming members 134, 13B, 13C and 13D at
prescribed positions, with a view to achieving uniformity in
formed magnetic circuits, it is preferable to adopt, for

10 example, a 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

15 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.

20 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,

25 and 8C and 8D.
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magnetic circuit such that the | eakage nmagnetic field produced 15 on the
surface of each of the targets 8A, 8B, 8C and 8D is such that the horizonta
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
according to the present invention is described below 20 In the present
enbodi nent, when sputtering is performed under a prescribed pressure after
a sputtering gas is introduced to the inside of the vacuum chanber 2,
vol t ages havi ng %“ghaze.difference of 180 degrees are applied at _a

td-the

prescribed tim ng S} 89t PR SN IGHIBES* IR ¢ istaveseisd sC
and 8D. 9 Fig. 2.1s a timng chart shomﬁng an_exanpl e of waveforns of
vol t ages apf iEBI‘E%g‘i%éaprp&rlggt 50 ofhg HeTgrESent ThvEHSSGRT ABVIMOWIT i n Fi g.
2, in this exanple, voltages having a phase difference of 180 degrees as
descri bed bel ow, f8r SBRERPIRE, F195 dr elPerhicicamPyCantC BiadEn8EEEYIappl i ed to
the adjacent targets 8A and 8B, 8B and 8C, and 8C and 8D. Mdre particularly,
in this exapphee guffeurve il tl8fedegnees afpldas¢ribedhbele gefiar 8%ampleb. | n
this case, in view of reliably generating plasma on 10 the targets 8A to
8D, it IS peeftepabledidwtlt hadval tageselyppbpiied dtd Hdveadfasesnt t ar get s 8A
and 8B, 8B and 8C, and 8C
' targets 8A and 8B, 8B and 8C, and 8C and 8D.
More particularly, in this example, pulsed DC voltages
are applied to the targets 8A to 8D.
In this case, in view of reliably generating plasma on
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 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
15 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).
20 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.

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

10
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and 8D have waveforns that are exclusive to each other that include no
period in which the voltages applied to the adjacent targets are at the
sanme potential; i.e. wavefornms that do not 15 overlap each other. In the
present invention, it is preferable that the frequency of the voltages
applied to the targets 8Ato 8Dis as |ow as possible in a range in which
charged electrical charges escape (specifically, e.g. 1 Hz or nore). 20 The
upper limt of the frequency of the voltages applied to the targets 8A to
8D is set as described below. Fig. 3 shows timng charts show ng the

rel ati onshi P§ VBEEIRRT allfe 2PPegee et esliarent heaygste & @pdoB it sieages
applied to the targets. 25 A case is described in which the above-descri bed
pul sed 10 DCﬁv@@@é&ﬂﬁia%ﬁ@naépﬁ¢E¢b3d)a@@W§eed¥5ﬁﬁm@@t@nﬁftguiaB tifatshave

t he configuration described above. As shown in Fig. 3, it is confirnmed in
thi s inventiconfitaed um tthris0ikentzon éffaéctipotot e kHzapaci eéheet off tthe
target A and B and their circuits is snmall, 5 and therefore the waveform
(rectangul acaphapeindess afotthdefargetd.A atsl 8 ardutieibyiappliysnis vaildldges
exclusively to the adjacent targets A and B, plasma can be reliably

gtraggg ﬁt edl oanthehet@f@ed $hA alde Borrn(rfdig aabhesr hetithe)i tisi soEoddfdrmRd.i n t he
P As a result, by applying voltages exclusively to the adjacent
targets A and B, plasma can be reliably generated on the
targets A and B.
On the other hand, it is confirmed 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 waveform is deformed so as to be similar to
a sine wave. As a result, in the waveforms of the voltages
15 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
20 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

25 1is preferable to apply voltages of the same frequency to the

11



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 of the
voltages 15 applied to the adjacent targets A and B, a period appears in

whi ch the vol tages have the sane potential, and thus it becones i npossible
to reliably generate plasma on the targets A and B as descri bed above.

Accordingly 4i:n-the & nt ggnpodigent, the frequency of 20 the voltages
applied to th %arget§%%§ to 8 8is preferably 1 Hz to 10 kHz. In the

. . | . ‘ _ li ed
W th the voltages TOF MRRrarss of Pl St d P iterlh o bdal ErB 1884 or m
filmthick , it 25 le t I | t f t f

to the 11 SACseitcTlr JAPSSEA b B0 CUrHG MUbrHTUHE DA ttHe VB (hbes
(electric power) applied to _the adjacent targets, BAtaq 8D is not .

parti cul ar| YOFPREEed” YH&kePEr SSFRE RS W &Plggg‘ﬂrflrﬁ“ FERPEPRAT f 1 mS

thickness, it is 5¢freferable to_apply voltages of the same nagnitude to the
adj acent>t aPFEESTaR ¢ - BBPPLY VAlisages e thevFame dragtiande §enkhrati ng pl asma

on the
adjacent 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 maximum value in
the positive (+) direction of the applied voltage to be equal

10 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
15 (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

20 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.

25 Also, it is preferable that the frequency of the voltages
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targets 8A to BD, 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 anot her exanple of
wavef ornms of voltages applied to the targets. As shown in Figs. 4(a) and
4(b), in the present invention, instead of the above-described pul sed DC
vol tage, AC 15 (alternation) voltages having a phase difference of 180
degrees can be periodically and alternately applied to the adjacent

targets. In this Sxanple as well, in view of reliably generating plasma on
the targets2BRIHBISE Ghe t@rPREFetabi® Sthaf 2RelPD 30PLE§a8 8 pPEi%d to the
adj acent targets 8A and 8B, 8B and BC, A and 8C and BD have wavef or ns

excl usi ve t 82BEEhIBtHEYCh KRATIPH cPIRIE HE e FRBRITH SsERR (AREGbI tGRjdy.
applied to the adjacent targets are at the sanme potential, i.e. waveforns

t hat do not ©-fut ballZ yoBvireap. 25 Also, it is preferable that the frequency
of the voltages 12 applied to the targets BAto 8D is as |ow as possible in
a range in whi chOoh&hgedtird¢rdiandsalvitharemseas tapehe spemsrf ildalitypf hey. 1
Hz or nore). On the other hand, with respect to the upper limt of the 5
frequency offreheenoltefeheappltedes cafgia ddargeth8A dmys8D8Ai toi 8D, it is

confirmed by the present inventors that the extent of
deformation of the waveform due to an increase of the frequency
is small compared with the case of the above-described pulsed
DC voltage; and thus, it is possible to apply a voltage having
10 a frequency of up to about 60 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
15 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
20 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

25 region as much as possible.

13



confirmed 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 pulsed DC voltage; and thus, it is possible to
apply a voltage having 10 a frequency of up to about 60 kHz. Accordingly,
in this exanple, the frequency of the voltages applied to the targets 8A to
8D is preferably 1 Hz to 40 kHz. According to the present enbodi nent

descri bed above, by 15 applying voltages having a phase difference of 180

degrees 10 o 1o chagent; dietget s gnand, 88, BB, a0d Ao, 200 8¢ andap that

are di sposed close T0 eac ring sputtéering, osSibl'e to

reliably generate uniformp|as on the targets, 8A,.tq 8 ven in a _state in
Whi chshi ol BESrE: HPoRb bR e e CRGIE 265 T e TarGsrb0eR  BTOm RS r asul ¢
t he non-erosion region i the, targets 8A to, 8D can be _significantly
reduced; aanV?Wﬁﬁég(ﬁ%Q,g?te?§l%%) mheEmed B éﬁFE%ﬁ%gbﬁ FHeY - el ectri cal
di scharge on the surface of the targets 8Ato 8D, as well as to prevent
deposition of tar§8f PERITaFEVPRLIPR FR3hDSr BBPHED S G & SRPASSHIEEhs
possible. 13 Also, with the magnetron sputtering apparatus 1 of the present
enbodi ment , NERee RIS &adaseri bErherthGadrept s heait dd@re 1pnventePiricanche
easily performed with good efficiency.

to the type of a sputtering gas that can be introduced.

Working Example
A working example of the present invention is described
below.
10 <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 Iny03 are disposed in the vacuum chamber.
Then, a sputtering gas including Ar and O, was introduced
15 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>
20 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

25 8 in the comparative example as shown Fig. 5(a), and almost no
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The present invention can be applied to an unprescribed 5 nunber of various
types of targets; and there is no restriction to the type of a sputtering
gas that can be introduced. Wrking Exanple A working exanple of the present
invention is described below 10 <Wrking exanpl e> The magnetron sputtering
apparatus shown in Fig. 1 is wused and six sheets of targets obtained by
adding 10 wt% of Sn02 to In2G8 are disposed in the vacuum chanber. Then, a
sputtering gas including Ar and 02 was introduced 15 to the inside of t he

vacuum chanpgr. c{nn%eﬁg.gﬁsyé :‘pr?ése%t 1Eath?f10|n]i %scmﬁaéf @‘{e t%‘f' RE d

rectangular maves W hases reque

power : sho 2 are.applie Io t targets to perform
sputterrng gviﬁbﬁ%araWQGQgE§§ﬁ@?% gﬁﬁﬁt%?d% Eyg)ér’forrred under the same
process conditions as those of the morkrng exanple usi ng the magnetron
sputtering apparatus of the conventional techniques shown in Fig. 6. Wile
a non-erosion region 80 with a wwdth of approximately 10 mmis present on
the rimportion of the target 25 8 in the conparative exanple as shown Fig.
5(a), and alnbst no 14 non-erosion region is present in the rimportion of

t he target

15



8 in the working exanple as shown in Fig. 5(b). 15 SCOPE OF CLAIMS 1. A
magnetron sputtering nethod, conprising; performng sputtering by generating
a magnetron discharge in the vicinity of a plurality of targets, the
targets being disposed close to each other in..l.ine such that side face
portions 1in the longitudinal direction of the plurality of the adjacent
targets is directly opposed to each other, wherein each of the plurality of
t he rectangul ar-shaped targets is electrically independent in a vacuum

at nosphere; grsbR i YragMEol t ages having a phase difference of 180 degrees
to the adjacent targets at a prescribed timng during the sputtering. 2.
The magnetron sputtering nmethod according to claiml1, wherein the voltages
havi ng a phase difference of 180 degrees are periodically and alternately
applied to the adjacent .targets,. 3..The etron sputtering nethod

accor di ng tOTCIaidgf?agQﬁﬁﬁgﬁ ﬁpPEEeE&ﬂqzﬂﬁggggpp??ﬁﬁf%%}qqﬂa adj acent targets
are pulsed DC voltages. 4. The nmagpetron sputtering nethod acc rdin%:to
claimi,  wherein Be % SPOF PR 5T SGBETABITY ctl MRS OB ATEHE e

targets are equal. = _ _
in the vicinity of a plurality of targets, the targets being

disposed close to each other in line such that side face portions
in the longitudinal direction of the plurality of the adjacent
targets is directly opposed to each other, wherein each of the
plurality of the rectangular-shaped targets is 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.

l6



16 5. The magnetron sputtering nethod according to claiml1l, wherein

vol tages applied to the adjacent targets are always exclusive to each
other. 6. A nagnetron sputtering apparatus, conprising: a rectangul ar-shaped
plurality of targets electrically independent to each other disposed in a
vacuum chanber, wherein the targets are di sposed close to each other such
that side face portions in the longitudinal direction of the plurality of
the adjacent targets is directly opposed to each other; and a voltage

Shase. di 1 or enoe. o gu HEgr obs SPaLFREl tpriaret Foir Yol & B8t far gl
appar at Us. aCtBPET Hb C0 ERRF nTE L SR a S pSEe et YRRt REC a] Hheht
targets is set to a distance that an abnormal electrical discharge does not
occur bet weeRXEHES1 Yt EAENt AFY¥Es, and al so plasma is not generated
bet ween the adjacent targets. 17

6. A magnetron sputtering apparatus, comprising:

a rectangular-shaped plurality of targets electrically
independent to each other disposed in a vacuum chamber, wherein
the targets are disposed close to each other such that side face
portions in the longitudinal direction of the plurality of the
adjacent taxgets is directly opposed to each other; and

a voltage supply member having a power supply capable of
applying voltage having a phase diffexence of 180 degrees to the
plurality of the adjacent targets 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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