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 nagnetron sputtering nethods and magnetron
sputtering apparatuses having a plurality of targets in a vacuum chanber.
10 Background Art Conventionally, a nagnetron sputtering apparatus shown in

Fig. 6 is known as a type of magnetron sputtering apparatus. As shown in
Fig. 6, a mgW%&&W&W&Pu@NQ@P@Wé%W Em%&%&sthat
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 disposed in an upper portion inside the vacuum chanber 102. In a
| ower porti oflechmichl tFieldacuum chanber 102, a plurality of targets 107 are
di sposed that respectively have a 20 magnetic circuit form ng nenber 105.
Each target 107 i sToenbrepsmed isueht tdratgemeprédet eedtesd twvombaget tan appl i ed
to the target 107 froma power supply 109 via a backing plate 108. Then, a
shield 11D thptttsriset methadgrauhdaooeendn asputteadiiagospedabetveeesn the targets
107 in order to stably generate 25 plasma on each of the targets 107 to form
a uniformfihorenpddteicularly, the present invention relates to magnetron
sputtering methods and magnetron sputtering apparatuses having

a plurality of targets in a vacuum chamber.

10 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
15 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 wvacuum chamber 102.
In a lower portion inside the vacuum chamber 102, a
plurality of targets 107 are disposed that respectively have a
20 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

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



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
filmqualitySBysEeesilfifen of the target materials in the non-erosion
region. The present invention 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 magnetron sputtering apparatuses that can
si gni fi cant | Diseliesure oifethenlnventiion regi on so as to prevent an abnor nal
el ectrical discharge caused by the non-erosion region present on the 20
surface of tReoblempetto brdSdiyed iy dtheolnventyien naterial s that causes
deterioration of the filmaquality. Means to Solve the Problens In order to
sol ve theb above- deHoweved pmobhehsa d¢drerenpriesentsysheentoroprpress desaama
magnetron sputtering nmethod 25 conprises perform ng sputtering by
generati ng magnshsarbed 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 conventional 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



2 discharges in the vicinity of a plurality of targets, the targets being
di sposed close to each other in order to be directly opposed to the

adj acent targets and each of the targets is electrically independent in a
vacuum at nosphere, and 5 applying voltages having a phase difference of 180
degrees to the adjacent targets at a prescribed timng during the
sputtering. In the above-descri bed magnetron sputtering nethod, the

vol t ages having a phase difference of 180 degrees can be 10 periodically and

al ternatel y dppFiaEd@aso 1bhkhadiiHdentyt 8F gatRIUTald tvhet abdxaetdes thtbed
magnetron sputtering nethaod, the voltages applied to the adjacent targets
may be pul seBPELStS HelagedisPesahE1866vEC AT iBEE ndgnetddh Wphet eri ng
met hod, 15 frequencies of the voltages applied to the adjacent targets may
be equal . | ndtFRCHEbBoVEPaEsertbddsmagiaresh Saetsr pRg s¢maef theol t ages
applied to the adjacent targets are always exclusive to each other. 20 The
present i nvehatestPpricyvedestbialgnetindarspdenterimg vappar aaturesiphelradi aed a
plurality of targets electrically independent to each other disposed in a
vacuum cHanbepp lutereiveltadgeackarinargehesar éififeqsosed of| 8@ degremshtot her
so as 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



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

provi ded that has a power supply capable of applying to 3 each target

vol t age havi

ng a phase difference of 180 degrees respectively at a

predetermned timng. In the above-descri bed nmagnetron sputtering apparatus,

a space between the adjacent targets may be set to a distance 5 such that

an abnor mal
targets; and

| | ' t ted bet the adj tt ts.
Lhe ot hod of Uh HHECoRE AUERITONG By PAHT yinig crBIT agbs! TakHG - phase

el ectrical discharge does not occur between the adjacent
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di fference of 180 dqg;ees to the 10 adhgﬁeni targets that are disposed close
[

to each ot heFSSHeG!

to stably g

which a shield is hott CHETUBRE RENELF R 1P UAS TA B BRI L2 e 0 di g

to the present invention, the non- 15 erosion region can be significantly

reduced; and
di scharge on
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enerate a uniformpl as on each target even in a state in

imd™Suttering, it beconmes possible

SRR fieREny the | 3djacepss §pppet s Ay BfeAtt afP abrdSkancel ectri cal

t he surface of the target, as well as to prevent deposition of
target mater Fafk thett ke AbRCErDsiDBrCradrah HSTRFEHCadopDIADIAECUEN addi ti on,
w th the apparatus of the present invention, 20 the above-described mnethod
of the presehetyerretticopdiageie taggeitpy ped fadiSfedPhRERa gbdEf BRaRBatsd

between the adjacent targets.

In the method of the present invention, by applying
voltages having a phase difference of 180 degrees to the
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-
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-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

stably generate uniform plasma on each target even in a state



Effects of the Invention According to the present invention, it is possible
to 25 stably generate uniformplasna on each target even in a state 4 in
which a shield is not provided between the targets. Consequently, it is
possi ble to prevent an abnormal electrical discharge on the surface of the
target, as well as to prevent deposition of target materials in the
non-erosi on region as 5 nuch as possible. Brief Descri ption of the Draw ngs

Fig. 1is acraq ct| Vi ew hovvln onfl tion arragnetron
sputtering appaﬁg’t c%e%ﬁj ng to aﬁrg‘r’}gdecﬁl %eerlftwe TO 18? tfahreg present

i nvention 2 1S ng chart, n xa e of ns f

Vol tages app Pas quc?f&tiwge?é 5 R%glsissa%t&%‘f&éﬁt B Eatg s $RehES e i ng
charts show the rel at onshi Ween f enci es d waveforns of the
Vol t ages appRrachAise 28 HRE Triees STrr g6, R and AEh) 5 &4 PRERE Char <
show ng anot her exanpl e of waveforns of voltages applied to the targets.
Fig. 5(a) is %O%FﬂioélnSFoF%r%?%d‘}aéﬁlréﬁ%@mﬁb @%P&Peeﬁ?sw%rr@@tlé’no?s

conparati ve exanple. 20 Fl g. 5(b) is an explanatory diagram showi ng a state
of targéts BRCR dbPREAFPERan e.

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) is an explanatory diagram showing a state of
targets of a comparative example.
20 Fig. 5(b) 1is 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



Fig. 6 is a cross-sectional view showi ng a configuration of a nmagnetron
sputtering apparatus according to conventional techniques. 25 5 Description
of Reference Nunerals 1: nagnetron sputtering apparatus, 2: vacuum chanber,
6: substrate, 8(8A, 8B, 8C and 8D): target, 10: voltage supply portion,
11A, 11B, 11C and 11D: power supply, 12: voltage 5 control portion Best Mde
for Carrying Qut the Invention A preferred enbodi nent of the present

i nvention isDegegjc_:rgit%%d ekglx_vei nnéjee uimlergﬁh ref erence to acconpanying 10
drawi ngs. Figo T B 2 cPosSTsEETIonal Vi ew showing a configuration of a

magnetron sputtering apparatus_according,to an enbodi nent . of the present

i nventi on. ‘slﬂﬁ%eqﬁrr?pnFFBP£€?rjaerﬁ8trg5ﬁss t t' &N gﬁﬁr&?eoﬁ’usg]'l of 15 the
present enbodi rent has acyum chanber 2 to which_a prescribed evacuation
system 3 andsﬁg%lé%tcer'i ﬁzgxgagg' iﬁ]raé’(ﬁiuépgontﬁgpeet% @r e%@?ﬁﬁsectsé@piﬁd to

whi ch a vacuum gauge 5_is_also attached. In an upper portion inside the

vacuum chanb®Prdiory 3dAsubdBr at - @nhatDr PG IPRYY 014’ pBie@98uppl y (not

shown) is _
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



di sposed 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 chanber 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, 8A,
8B, 8C and 8D) are respectivel,y placed on backin | ates 9A, 9B, 9C 5 and
0D, bei ng. el BEYH X1 1oy TCHATIOR. BPCOroTatt: RBLLEFI0t he pr esent i nvent: on,
t he nunber of targets I S not articylarly limted. However, with a view
to achieving nore “t%h Ogeél88??$¥hﬂn&F§8h5%§éﬁ“?¥m]§hBW%?%r%bF% to provide
an even nunber of targets 8. 10 In the present enbodjnent, the targets 8A,
BB, 8C and 8P ULRldWoPRetPTIELS & (dRahpF EresenécERRgd BN shdpe, Bandar e
provi ded at the sane height. Wth a viewto securing a uniform film

t hi ckness (f3#dn&RlaRreyrespetivalyePsasy] ®BPagkingdBIyesaP@  dPBpo¥ed cl ose
to each other such that side face portions 15 in the |ongitudinal direction
of the reéspedtd B alpaeantlectarigaldysindgrersBntapt e FCothed-8C and 8D

directly opposed to each other. In this case, with a view to securing a
uniformfilm 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 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

25 spacing to a distance at which an abnormal electrical discharge



thickness (filmaquality), it is preferable to adopt a 20 configuration in
which a region for disposing the targets BA, 8B, 8C and 8D is |arger than
the size of the substrate 6. In the present invention, a spacing between the
adj acent targets 8A and 8B, 8B and BC, and 8C and 8D is not limted to a
particul ar distance. However, it is preferable to set the 25 spacing to a

di stance at which an abnormal electrical discharge 7 (arc discharge) does
not occur between the adjacent targets, and further plasnma is not generated
bet ween the SREACEFCPAEGRYALBACKNACEE BEVWERA BEe AMPBEtak@r88FHased on
Paschen's law. 5 In the present enbodinent, it is confirmed by the present
i nvent ors t R \ivehheRePsptd NF Petweere e hdrhrenl he eJscsAt and 8B, 8B
and 8C, and 8C and 8D is less than 1 mm an abnornmal electrical discharge
(arc di schargaggadsc BRsanét HibeBR RadaBf acet SCapget 8D hradkegs Prashen’is

generated when the spacing 10 exceeds 60 mm (pressure: 0.3 Pa, supplied
power: 10 Wkaw). Also, taking a drawback that a fil madheres to the side
face portion or the like in the longitudinal direction of the targets 8A to
8D into account, iInithenprespnefenaigdisentd, set itsheondpaveddoy che mresentor e
and 3 nmor less. 15 On the other hand, a voltage supply portion 10 for
appl yi ng a pimesgrtoredthat tdgs tthet bpattmgdietwéAn 8B 8{jamtit8bargets 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 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 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 9A, 9B, 9C and 9D.



is provided on the outside of the vacuum chanber 2. The vol tage 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 tim ng of output voltages are
control l ed; and thus, prescribed voltages described below are applied

i vel b I
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i nvention, arthddgHet g ?% ﬁg§s gog??ﬂP9ﬂ$ qﬁgéﬁﬁ?gﬁ?érF%ﬁP%hﬁﬁﬂﬁgsent

menber s 13A 3B,..13C nd 13D at prescrjbed positions, with a viewto
achi evi ng unt rrﬁ%@y 9 netb ﬁﬁ&n@??%?qﬁq'é@Fﬁgle?'|§PHJF§F@P$ﬁIe to

adopt, faor 10 exanple, a conflguratlon in which the magnetic circuit formng
menbers P3A PQEBNSSCTAGREE3D reci procally nove in a hori zont al direction.
It should be noted that it is greferable to_configure the netic circuit
such that the | eakHydhPagresert fiuihtirpduehough it is pOSSlb e to fix

the magnetic circuit forming members 13A, 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.



15 on the surface of each of the targets 8A, 8B, 8C and 8D is such that the
magnetic field is 100 to 2000 G at the position with a verti cal
magnetic field of 0. A preferred enbodi nrent of a magnetron sputtering nethod

hori zont al

according to the present

enmbodi nent ,

prescribed tining {491 Ife 1&dpat¥htng

invention is described below. 20 In the present

when sputtering is perfornmed under a prescribed pressure after
a sputtering gas is introduced to the inside of the vacuum chanber 2,
vol tages having a phase difference of 180 degrees are applied at a

and 8D. 9 Fig. 2is a timng chart show ng an exanple of waveforns of

vol t ages appPf e®litGoeReaPRt R $Dfhenka
exanpl e, voltages having a phase difference of 180 degrees as
aﬁe iPethddi exanBleandcaragehdiadindappl i ed to

2, inthis

descri bed bel ow, &y heapie, Fig.

R CHOeRESTRNT ASVEREWANI n Fi g.

&GetsSBAYEMY BB EXSBPARCBEAVISTRAD 8C

t he adjacent targets 8A and 8B, 8B and 8C, and 8C and 8D. More particularly,

in this exanphase gliiffegence vef t Hifesleggeesappl dedcribachdetlargefer 8axanplen.
in view of reliably generating plasma on 10 the targets 8A to
8D, it i preferzhliedihatly nd glltageste Bippidrddetote hehadjddeenntt argets 8A

this case,

In

and 8B, 8B and 8C, and 8C and 8D have waveforns that are exclusive to each

ot her that

10

15

20

25

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
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 is described in which the above-described pulsed

10



i nclude no period in which 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 preferable that the frequency of the voltages
applied to the targets 8Ato 8Dis as |ow as possible in a range in which
charged el ectrical 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.descr.ibed below. Fi 3 shows timn harts i.n he

el ati onshi pC PEHEET dne rrrbidh b 803Ateth e oprand 1 Y, BT ages
applied to t targets. %5 A case . s degcribeg in_which the agove-described
pul sed 10 Vof? | éogpg??%ﬁfqﬁg gaP8cent*St 3PGE sTA FAYd B't hatthave
the configuration described above. As owmn in Fig. 3, it is _confirped in
i’ nventi GAE RISt G740 RRETET R PabubrEq Y MEpath (SHEE 0Pt hES
target A and B and their circuits is small, 5 and therefore the maviform
(rect angul ar S8RApEIRTIE Kot taer RSt A ARd B rang)| e1gy Cappf Vi SvSMRades
exclusively to the adjacent targets A and B, plasma can be relijably
gener at ed® on2bfethezgigates the afdveg oh (FRetdrAEhahdPel t 1§ dorsfatrsdadi n t he

present 10 invention that when the frequency of the_ applied voltage
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



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 deforned so as to be simlar to a sine wave. As a result, in
the wavefornms of the voltages 15 applied to the adjacent targets A and B, a
period appears in which the voltages have the sane potential, and thus it
becones inpossible to reliably generate plasma on the targets A and B as
descri bed aboye. A c%rdin Ly, i.n % e present enbodi nent, the frequency of
20 the vol t ag2d% i@ﬁg?gst%%t¥h g€ts BAto 8D is preferably 1 Hz to 10

be. appl i ed w th- ¢ nE% HEGEL 51 St THAEEEROP cHaEHaS. PEREC) R eclr | ng
a uniforn1fi|n1tﬁ£ckness it 25 s prgferable to apply voltages of the sanme
frequency t o RheASIPESRE SREFRET dgdPs BALT GIHDPAFhe BT UdEuort he

bart] oul af | yRPYTTe0 1 HABVEF SATRaPEuR oF SEEH FRgTa G msamt AEms
particularly d. : Pew? ol irAgMa f HEmtS
thickness, it is 5 preferable to _apply voltages of the sane nagnitude to the

It
adj acent I argeekemRlieo tapaPp LY 11l a688e0T | theyiseficoragR bBide fenéhati ng pl asma

on the targets 8Ato 8D, it is preferable to set the maxi numvalue in
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

12



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
exanpl e of waveforns 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 voltage, AC 15 (alternation) voltages having a phase difference of
180 degrees can be periodically and alternately applied to the adjacent

targets. In this.e lLe as_well, Jn. vi of rel.i abl ener.atin pl asma on
the targets BRPTETSD0 (1 Lahrereriblts PRat® (o 500 051 DAyt Shpt 8 to the
adj acent targets 8A and 8B,. 8B and .8C, .an C and 8D have, wavefaqr
et st ve. + 0 BAER Tt AE T AR Aty ISR B TRTA SAFERE ¢ R arasgety”
applied to the adjacent targets are at the same potential, i.e. waveforns
that do not enﬁtu%] 4 GvEPF&p: 25 Also, it is preferable that the frequency
of the voltages 12 applied to the targets 8Ato 8D.is as |ow as possible in
a range in which ERa @%dﬁgfﬁbP?PSaJw% IGEPCEE P& poPrE| LRty of &hg. 1
Hz or nore). On the other hand, with respect to the upper limt of the 5
fr equency® of TERGUSHTY SdesNEpBPt Eaes0 aPRé1edr RtthBAtREI8D, 84 ttq 8D/ cdhf i F ned
by the present inventors that the extent of

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.
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deformation of the waveformdue 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

di fference of 180 degrees to the adjacent targets 8A and 8B, 8B and 8C, and
8C and 8D that ar®lefspodéd tEP BRI A KPYE heF i RUFPRG repust ere¢hhdheit is
possible to reliably generate uniformplasma on the targets 8A to 8D even
in a state i RT¥#f%h gigentar &iforrbpveviaedr hadweihod ehdheaPgeesnBA to

8D. As a result, the non-erosion region in the targets 8A to 8D can be
si gni fi cant | ynyeriicwd caanbe ¢edrirlef Pegformed wigds gophecfbipranmmt an abnor nal
el ectrical discharge on the surface of the targets 8A to 8D, as well as to
prevent depositionTht praspeit Anventiirs dan bheapphiat 69 an 28pregimipeds nuch
as possible. 13 Also, with the magnetron sputtering apparatus 1 of the
present énbodumiestt oft veraboyetyescoifbédrgethwodirof thheepiesentresitmiehiémon can
be easily perforned with good efficiency. The present invention can be
appl i ed to ahoutipr esgrel béda 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 Iny0O3; 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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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
exanpl e 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 In203 are disposed in the
vacuum chanber. Then, a sputtering gas including Ar and 02 was introduced

15 to the |nsrdeerOSl e vacuumcharébse(_zrnt lndgheatpre%% Egnoé QJ1 Ay ot
vol t ages t hat'°RaVe p(T edrettan dﬁiar Waves W tht e pposr% 5 &s

(frequency: 30, Ft Ired omer l Fig. 2 are applied
to the targefsito V? S gp f?@ﬁ%%ﬂfs Sgg%ﬂp%?zgﬁbe égénple> 20 Sputtering
is perforned under the sanme process conditions as those of the working
exanpl e, using the magnetron sputtering apparatus of the conventi onal

techni ques shown in Fig. 6. Wile a non-erosion region 80 with a width of
approximately 10 nmis present on the rimportion of the target 25 8 in the
conparati ve exanple as shown Fig. 5(a), and al nost no 14 non-erosion region
is present in the rimportion of the target 8 in the working exanple as
shown in Fig. 5(b).

15



15 SCOPE OF CLAIMS 1. A magnetron sputtering nethod, conprising; performng
sputtering by generating a magnetron discharge 5 in the vicinity of a
plurality of targets, the targets being disposed in close each other in
order to be directly opposed to the adjacent targets, wherein each of the
targets is electrically 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 prescri Qgpgﬁg|ng the sputtering. 2. The magnetron sputtering
met hod accor ?ﬁ%été?(: arm1l, wherein the voltages having a phase difference

of 180 degrees 15 are periodically and alternately applied to the adjacent
targets. 3. The magnetron sputtering nethod according to claim1, wherein
the voltages. applied to the ad acent, tar S are ul,sed 20 DC voltages. 4.
The magnetrom”sput é??qﬂftﬁgPhB RS H%%b8dtl%ﬁ 15108ferei n frequencies
of the vol tages apﬁ ﬁﬁ?ﬁ%&the adj acen% tar ets are e ual . 25 16 5. The
magnetron sputteri SeRbF g EFY ﬁ?%}ng mdgnetron discharge

5 in the vicinity of a plurality of targets, the targets being
disposed in close each other in order to be directly opposed to
the adjacent targets, wherein each of the targets is
electrically independent in a vacuum atmosphere; and

applying voltages having a phase difference of 180
10 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
15 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 pulsec

20 DC voltages.

4. The magnetron sputtering method according to claim 1,
wherein frequencies of the voltages applied to the adjacent
targets are equal.

25
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wherein voltages applied to the adjacent targets are always exclusive to
each other. 5 6. A magnetron sputtering apparatus, conprising:. a plurality
of targets electrically independent to each other disposed in a vacuum
chanber, wherein the targets are disposed close to each other in order to
be directly opposed to the adjacent targets; and 10 a voltage supply nmenber
havi ng a power supply capable of applying voltage having a phase difference

of 180 degregs Lo veash gt tc,g&@t direhc b predatervh et i no. 7

The magnetr o’ sput Teri ng appara S acco ereln a space

bet ween t he agéacent gg eLs | 5 ﬁ stan ce thaé an abn r S
electrical dl Fﬁﬁ%} e ﬁoﬁp bg %é% IR aafﬁge%ﬁ 1% r&etgy and al so
pl asma i s not ggen erat%d betme%p t he adj acent targets. 20 17

exclusive to each ot

5 6. A magnetron sputtering apparatus, comprising:

a plurality 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

10 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,
15 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.

20
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