TI TLE OF THE | NVENTI ON METHOD AND APPARATUS FOR MANUFACTURI NG LOW
REFLECTIVITY FI LM BACKGROUND OF THE INVENTION 5 Field of the Invention The
present invention relates to a nethod and an apparatus for manufacturing
low reflectivity filmto be used for optical filters-of plasma displays and
ot her flat panel displays. Related Background Art 10 Conventionally, filns
of this type are nostly manufactured by neans of a sputtering techni que
because the techni que provides an advantage of excellent controllability of
uniformy formng filmon a substrate having a | arge surface area
particularly from the viewdoint of flat display panels where the tendency
of using 15 substrates havi ng a ¢BREeop U CvRR®8o S emar kabl e (see, inter
alia, Patent Docunents 1 and 2 listed below). Low reflectivity filmis
conventi onal | y MEFHORCANILY APPARBTUS IRPRl MANUGFACTVRI NGhEOW (REFLEQY EVETYPIFERMr ed by
reactive sputtering, using oxygen, nitrogen and/or carbon and a reflective
20 layer. Generally, a technique (for exanple, magnetron sputtering nethod)

oop- shaped magneti cf 1 ed 1 oPehosfol Ok, gl “BRaeh) U0 e thin fiim
form ng process; TPVt e ViMNRRE 25 of inproving the deposition rate (see,
inter alia, Patent Docunents 1 and 2 |listed below . However, since high
density plasna is |eaptesagentiainedohyraiagestiicon mephbi endngn apparsid t er
generating region (erosion) is also |ocalized on the target to 1
for manufacturing low reflectivity film to be used for optical
filters of plasma displays and other flat panel displays.
Related Background Art
10 Conventionally, films of this type are mostly manufactured
by means of a sputtering technique because the technique provides
an advantage of excellent contrecllability of uniformly forming
film on a substrate having a large surface area particularly from
the viewpoint of flat display panels where the tendency of using
15 substrates having a large surface area is remarkable (see, inter
alia, Patent Documents 1 and 2 listed bhelow).

Low reflectivity film is conventionally formed by
combining two or more than two layers prepared by reactive
sputtering, using oxygen, nitrogen and/or carbon and a reflective

20 layer.

Generally, a technique (for example, magnetron sputtering
method) of locally generating high density plasma, trapping
electrons by a loop-shaped magnetic filed formed on a target,
is employed in the thin film forming process from the viewpoint

25 of improving the deposition rate (see, inter alia, Patent
Documents 1 and 2 listed below). However, since high density

plasma is locally generated by magnetron sputtering, the sputter

generating region (erosion) is alsc localized on the target to



consequently reduce the efficiency of utilization of the target and hence
rai se the running cost. To avoid this problem a technique of swnging the
magnetron nagnetic circuit arranged at the back of the cathode relative 5
to the latter and consequently noving the erosion on the target has been
proposed. Wth this techni que, however, a target having a |large w dth needs
to be used. Then, there arises a problemof high cost particularly in terns
of target material and sputtering. system 10 If the nagnetron magnetic
circuit is made to swing, the extent of sputtering differs between the
edges and the center of the target due the difference in the nunber of

erosi on stri pScohdfuchi@y Cldduiek! t RASFESc hcyTBEMt il Igat ASOE H0H8BgSt €pPW Se
and also gives rise to a low efficiency of utilization of the target. 15 In

an attenpt to a@ndduinve rhesabiee rudeimg fdosd.pr obl ens, the inventors of the
present invention proposed in Japanese Patent Application No. 2002-37825 a

nmet hod and an appar HARVEG this prok)emy 1§ Fedhniglg et swingdsy thr MIBRt EPhanced

| evel of productivity b i ncreasing.the nunper, of n on iC

itoui ts tnat SRt Haruin SR8pRG 20 M B U PRI O RRTR IR a1y,
two magnety onJagRetiC &y beYidohsBhBeff 1ARBFInAt Heher G 6h dHaecafgddode
showi ng a sane electric potential i'n a proposed apparatus 1in order to
generate two chaxspden peppoodd pl wstmthiherchhgue Negyetarom ragnet havixig cuits
arranged at the back of the cathode 25 are nade to swing relative to the
back of the ca?Hedgegvidtianeedfgcpidfefly Thenplthsrg arkRes 3 BwbarRat by

generating maghelr ofse Ph2e IR IS i Retmof Hak 358 nat e 161 534 bt téring

system.

10 If the magnetron magnetic circuit is made to swing, the
extent of sputtering differs between the edges and the center
of the target due the difference in the number of erosion strips
that the circuit passes by. Then, the target erodes stepwise and
also gives rise to a low efficiency of utilization of the target.

15 In an attempt to dissolve the above identified problems,
the inventors of the present invention proposed in Japanese Patent
Application No. 2002-37825 a method and an apparatus for forming
thin film at low cost with an enhanced level of productivity by
increasing the number of magnetron magnetic circuits that are

20 arranged at the back of the cathode. More specifically, two
magnetron magnetic circuits are arranged at the back of the
cathode showing a same electric potential in a proposed apparatus
in order to generate two closed loops of plasma. Then, the
magnetron magnetic circuits arranged at the back of the cathode

25 are made to swing relative to the back of the cathode so that
consequently the plasma that is obtained by generating magnetron

plasma moves on the surface of the target.



[ Patent Docunent 1] Japanese Patent Application Laid-open Publication No.

10- 140345 [ Patent Docunent 2] 5 Japanese Patent Application Laid-Qpen

Publication No. 07-310181 .Wen formng. thin , filmby sputtering, the
the layer is formed by reactive sputtering and the opti cal
the flowrate

rate at which

constants of the layer greatly vary depending on the ratio of
of oxygen, that of nitrogen and that of carbon dioxide. Wth the proposed

met hod, the sw nging speed of the nagnetron magnetic circuits has to be

10

rigorously defined when the rate and the optical constants vary rapidly by

reactive 15 sputtering because the swinging direction of the magnetron
magnetic circuits ancatbatdbsaaidn@n19f conveying the substrate

to each other. SUMMARY OF THE | NVENTI ON 20 Therefore, it is the object of

the present inventi clapaoeser Batet aApmticat iamdLaid-fpear #ubd ifarion No.
| ow reflect| vity film in which the problens nentioned above

manuf act uri ng

could be overt®metO318 the first aspect of the invention, the above object
is 25 achieved by i for continuously formng | ow
reflectivity film oﬁ g\ésgjﬁs%éabflelgiikl sgosed opposite to and noving relative

to a cathode arr ang%tp'aﬂeée Spatdiy 'A@l@l@%@@ﬂi ﬂé(ld-iﬁiéht FupGcac LA QRS.

material for formng

he | ow reflectivity 3 | monto the substrate

conpri si ng thedost3ma8aef :

10

15

20

25

When forming thin film by sputtering, the rate at which
the layer is formed by reactive sputtering and the optical
constants of the layer greatly vary depending on the ratio of
the flow rate of oxygen, that of nitrogen and that of carbon
dioxide. With the proposed method, the swinging speed of the
magnetron magnetic circuits has to be rigorously defined when
the rate and the optical constants vary rapidly by reactive
sputtering because the swinging direction of the magnetron
magnetic circuits and the direction of conveying the substrate

are opposite to each other.

SUMMARY OF THE INVENTION

Therefore, it is the object of the present invention to
provide a method and an apparatus for manufacturing low
reflectivity f£ilm, in which the problems menticned above could
be overcome.

In the first aspect of the invention, the above object is
achieved by providing a method for continuocusly forming low
reflectivity film on a substrate disposed opposite to and moving
relative to a cathode arranged in a sputtering chamber by

sputtering a target material for forming the low reflectivity

are opposite



generating closed | oops magnetron plasma on the surface of the target
arranged on the cathode showi ng a sane electric potential by respectively
means of two nmagnetron magnetic 5 circuits arranged at the back of the

cat hode; and swi nging the magnetron nmagnetic circuits showi ng a sane

el ectric potential and arranged at the back of the cathode at a speed of
not higher than 1/50 relative to the noving speed of the substrate, thereby
novi ng the plasna obtained as a result 10 of the generation of magnetron

pl asma al ong the surface of the target accordingly. The target materi al
arranged on the surface of the cathode may be nade of C, M), Fe or N or

an al l oy _cont 3 pimgeRe: Al iRk ot ban-ANG Ofqt AR, Ahaye bisted el ements. 15

Gas contai ni ng one or nore oxygen, mnitrogen an rbon may be used as

reactive gas in a ngéferhtiegorised 1sopdRadiuavini SThsmal on the spgand aspect
of the invention, there is provided an apparatus for continuously form ng
| ow refl ectivitlye fidngedn argasoedtemt theli spdveld Ghowsngeat sam@dehevtimg
relative to a cathode. 20 arranged in a sputtering chanber Sputtering a

b
target materi dA°YEHEIRGr RYng SSRECEOVE TR PeeRT vPEy TP HaSHFBr‘eremé‘ifEﬁtt%cat e
conpri sings F@%Q@Q%P{an%%ngpﬁ%&ik{a lll.: bf AId AQsdq8! d e back of the
ectri ¢ potentia

cat hode showi ng a Sane e p | "so"as to genéra e 25 respective
closed | oops of magaRidfmgPkAs RagrBRGFBAL hEgket iGUich r&M DIhDWIRENS ddale

respectively swinging the nmagnetron magnetic circuits relative to the back
surface of thelecarhodeytditdadbyndroanmaggetieap|@dsrhaoktat ek astiodesutl t of 4
a speed of not higher than 1/50 relative. to the moving speed of
the substrate, thereby moving the plasma obtained as a result
10  of the generation of magnetron plasma along the surface of the
target accordingly.

The target material arranged on the surface of the cathode
may be made of Cr, Mo, Fe or Ni or an alloy containing one or
more than one of the above listed elements.

15 Gas containing one or more of oxygen, nitrogen and carbon
may be used as reactive gas in a method according to the invention.

In the second aspect of the inventicon, there is provided
an apparatus for continuocusly forming low reflectivity film on
a substrate disposed opposite to and moving relative to a cathode

20 arranged in a sputtering chamber by sputtering a target material
for forming the low reflectivity film onto the substrate
comprising:

two magnetron magnetic circuits arranged at the back of the
cathode showing a same electric potential sco as to generate

25 respective closed loops of magnetron plasma;

magnetic circuit swinging means for respectively swinging

the magnetron magnetic circuits relative to the back surface of

the cathode, thereby moving the plasma obtained as a result of



t he generation of magnetron plasma along the surface of the target
accordingly; and a control neans for controlling the sw nging speed of the
magnetron magnetic circuits relative to the noving speed of the 5
substrate. Wth a nethod according to the invention, two closed | oops of
magnetron. plasnma are generated on the surface of a target .arranged an the
surface of a cathode show ng a sane electric potential by neans of two
magnetron magnetic circuits arranged 10 at the back of the cathode and the
generated magnetron plasma is noved along the surface of the target by

SW ngi ng the magnetron nmagnetic circuits arranged at the back of the

cathode at a speegenéffatieh JH dlifletlrBap1hsRA arlahﬁtthéesutxqa&a@frmw tgrgdreed of
the substrate. Thus, the efficiency of using the target can be 15

remar kabl y i npaawedihglyeduce the filmformng cost. Additionally, |ow
reflectivity filmcan be uniformy forned on, the substrate. An apparatus

according to the i nde&iItEALIRANS 5o ORSTORbHHELRBS'HEGABYi P ehithe
arranged at the back of the cathaode.. 20 wing a cl.rl tential so
as to gener at e IEELERP MAINEFLS 5558 roefﬁ%(r%ré‘éﬁe .t Sﬁgp Oé’gllr%é,épréé%ng?it%%ci rcuit
SW ngi ng neansgyd@-akespectively swi nging the nagnetron nagnetic circuits
relative to the back surf ace of the cathode, thereby noving the generated
magnet ron pl asna al gnghtadreshod aacerdifng be tharigeten2ionc candingley, Laups a
control nmeans for controlling the swinging speed of the magnetron nagnetic
circuits rel at9f @agoetren mldsng aspegenIRtedeOBubhe ratrdacehes, a t \EgEt m

formn i ' }
c o-nven? i"{)ﬁ:[a? Qer}arxll%edagrﬁ) a{h% ussur%gge bgf ta\M ccaechgge hls Qw;%sg tah%%mg f efecqtorr;r.gar able

potential by means of two magnetron magnetic circuits arranged
10 at the back of the cathode and the generated magnetron plasma
is moved along the surface of the target by swinging the magnetron
magnetic circuits arranged at the back of the cathode at a speed
of not higher than 1/50 relative to the moving speed of the
substrate. Thus, the efficiency of using the target can be
15 remarkably improved to reduce the film forming cost.
Additionally, low reflectivity film can be uniformly formed on

the substrate.
An apparatus according to the invention comprises two
magnetron magnetic circuits arranged at the back of the cathode
20 showing a same electric potential so as to generate respective
closed loops of magnetron plasma, magnetic circuit swinging means
for respectively swinging the magnetron magnetic circuits
relative to the back surface of the cathode, thereby moving the
generated magnetron plasma along the surface of the target
25 accordingly, and a control means for controlling the swinging
speed of the magnetron magnetic circuits relative to the moving
speed of the substrate. Thus, the film forming rate of the

apparatus can be twice as high as that of a comparable conventional



5 apparatus having a single magnetic circuit so that it is possible to
remar kably i nprove the efficiency of the use of the target. As a result,

t he nunber of cathodes, that of power sources and that of punps can be
reduced significantly to consequently reduce 5 the overall length and the
cost of the apparatus. BRI EF DESCRI PTION OF THE DRAWNGS FIG . 1 is a
schemati c bl ock di agram of an enbodi nent of apparatus for formng | ow
reflectivity filmaccording to the 10 invention; FIGS. 2A and 2B are
schematic plan views of two-layered lowreflectivity films forned on
respective substrates by using the apparatus of FIG 1; FIG 3 is a graph
illustrating tdgpamatheddwingya sifgGhasaedteid sitduiafsd BRasulsiy pdbesiid| G
2A; and FIG 4 is a graph illustrating the distribution of reflectivity

al ong the novity ré¢irackablin iopreve thebstf ariencyhpEérhe yserhithedtaggethangi ng
t he sw ngi ng ‘feed of the magnetic circuits. 20 DETAI LED DESCRIPT1C¥¥CF THE
| NVENTI ON Now,”% ﬁerﬁ?'é%%mthren’{}%fmqroﬁfm‘iﬁ“‘rhoﬁ?sde'%‘ib% BEdPBYET SPAFFERG™ 0 t he

accompanyi g gl B83uhBetahliple @ & preteckerl STRAGLIEA Y SRid0d and

apparatus for nanu a | "ow ect|V| m acc

invention. skl Ghel dv&ralﬁci'lﬂ@ﬁ:thl Qn@lwc@sa%ﬂmr@‘ appagaagdi ment of

apparatus for formng lowreflectivity filmaccording to the invention,
showi ng the overall configuration thereof. The

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic block diagram of an embodiment of
apparatus for forming low reflectivity film according to the
10  invention;
FIGS. 2A and 2B are schematic plan views of two-layered
low reflectivity films formed on respective substrates by using
the apparatus of FIG. 1;
FIG. 3 is a graph illustrating the reflectivity
15 characteristic of the substrate of FIG. 2A; and
FIG. 4 is a graph illustrating the distribution of
reflectivity along the moving direction of the substrate, which
is obtained by changing the swinging speed of the magnetic
circuits.
20
DETAILED DESCRIPTION OF THE INVENTION
Now, the present inventicn will be described by referring
to the accompanying drawings that illustrate a preferred
embodiment of method and apparatus for manufacturing low
25 reflectivity film according to the invention.
FIG. 1 is a schematic block diagram of an embodiment of
apparatus for forming low reflectivity film according to the

invention, showing the overall configuraticon thereof. The



6 illustrated apparatus conprises a feed-in/feed-out chanber 1 and a
sputtering chanber 2, which are separated fromeach other by a partition
val ve 3. The feed-in/feed-out chanber 1 can be evacuated to a desired
vacuum | evel by means of a vacuuni exhaust 5 punp 5 by way of a valve 4.
Simlarly, the sputtering chanber 2 can also be evacuated to a desired
vacuum | evel by nmeans of a vacuum exhaust punp 7 by way of a valve 6.

M xture gas is introduced into the sputtering chanber 2 at a desired rate
by means of an Ar gas introducing system8 and a reactive gas 10

i ntroduci ng system 9 having respective mass flow controllers. A cathode 11
i s arranged i nilhestsputchieidpagaehadbapr 2sad hiFeednig) ssdd-iotaldnambesul &id ng
plate 10. A target material 12 is nounted on the surface of the cathode 11.
Two magnetron asgpsitecingiclawibes 23 vdrichaayramgpdrheediiromeeaeh ledderiky or der
to formtwo 15 | ooped magnetic fields on the target material 12. The two

magnet ron magn@t PREEH AN @1Y8 dre PRk esd-dR/ eyt Fhaghpngt ngan be
mechani sms 14 é{?ac.s&{acc[@daté{\%ydéﬁatt dtp&ymﬁna?e\?§ E?%ea%g %Wgr\galclu%ﬁnr}‘ékﬁgﬁ'&? usly
| U ; ode

by a magnetic Circu SW ngi n rive uni he Cat I'S connected to
a DC power ssoupgfp %61)?%55}1@;& a2Pa Vel  dedisd it r Py AR %Eutﬁeﬂi@@ebﬁ&ﬁ@e@' ong

t he | ooped nagneti c iel'ds on the target material 12 by feeding power from
the DC power 2omarcals6 badewrudEefotera slesiced (vantuushbemel dyd mehes tafr get
material 12 is sputtered at and around centers of sputtering, which are in
the regi ons wherea@pluspEhadsyaidmiPatedy 98 2% ibstdieb hol uyg 9as also

a and a 9.18. d.on the

rranged in the slp%teri n chanmber substrate 1 maunt .
substrate hol d&f* Feﬁlhé‘%'s%b S SPGB cEng?%r szuﬁ'go?t%%ﬁlbﬂ? arég?lvbé@/l ng
mechani sm means of an Ar gas introducing system 8 and a reactive gas
10 introducing system 9 having respective mass flow controllers.

A cathode 11 is arranged in the sputtering chamber 2 with
an electrically insulating plate 10. A& target material 12 is
mounted on the surface of the cathode 11. Two magnetron magnetic
circuits 13 are arranged below the cathode in order to form two

15 looped magnetic fields on the target material 12. The two
magnetron magnetic circuits 13 are mounted on respective swinging
mechanisms 14 in such a way that they can be made to swing
simultaneously by a magnetic circuit swinging drive unit 15.
The cathode 11 is connected to a DC power source 16 so that
20 high density plasma 17 is generated along the looped magnetic
fields on the target material 12 by feeding power from the DC
power source 16 and an RF power source (not shown) and the target
material 12 is sputtered at and around centers of sputtering,
which are in the regions where plasma is generated.
25 A substrate holder 18 is also arranged in the sputtering
chamber 2 and a substrate 19 is mounted on the substrate holder
18. The substrate holder 18 is supported by a conveying mechanism

(not shown) so as to move between the feed-in/feed-out chamber



(not shown) so as to nove between the feed-in/feed-out chanber 7 1 and the
sputtering chanber 2. The substrate holder 18 can be heated by a sheath
heater 20 that is arranged at the right end of the sputtering chanber 2. A
control unit 2 1 to be used for defining the swinging speed 5 of the
magnetron magnetic circuits 13 is connected to the magnetic <circuit
swinging drive unit 15 for driving the swi nging nmechanisns 14 of the
magnetron magnetic circuits 13. The control unit 21 operates to limt the
swi ngi ng speed M of the magnetron magnetic <circuits 13 arranged at the back
of the cathode at a speed of 10 not higher than 1/50 relative to the noving

speed S of the; M%ﬁéaé;ﬁl&%nleecrﬁa\ﬁmegmg RS A= Phid HRkes idﬁ%amg@et' c
circuits to swi ng In pOSI i ve and negatlve directions rel ative to the

direction in wheated bg sudistatat Redodrden dFatpassesrarndeel ikl tisd ndhed appar at us
operates in the followng way. 15 After evacuating the feed-in/feed-out
chamber 1 to aoﬁééﬁ?§QUtV§6UHhﬁ$@mbeb9 means of the vacuunf exhaust punp 5

mounted i brought A AUBETISPULE &P MR EHLEBE S by E0e BrE RN APErd  on
valve 3. The sputhenanicchaThsimde icoc [inskbn LYACUAlad d el dhodl foor ce

of vacuum by neans of "t he vacu aust unp by wa ve 6 and
subsequent |y néxtdwie @engingidrtivednied sifradrivinatti wle@&hgmnaﬂlmé e by
means of the Ar gas introducing system 8 and the reactive gas introducing
system 9 havi ny} afeshecrdarnetressmigriapwccontqwitseds. @het penttdlennhbndl, as
power 25 is supplied to the cathode 11 fromthe DC power source 16 and the
RF power sour C&PHAtER tRAIPLY THeaSYARIEng; epgesy ef BheAgapreron magnetic

circuits 13 arranged at the back of the cathode at a speed of
10 not higher than 1/50 relative to the moving speed S5 of the
substrate 19. The swinging mechanism 14 makes the magnetic
circuits to swing in positive and negative directions relative

to the direction in which the substrate holder 17 passes.
The illustrated apparatus operates in the following way.
15 After evacuating the feed-in/feed-out chamber 1 to a desired
vacuum level by means of the vacuum/exhaust pump 5 by way of the
valve 4, the substrate holder 18 on which a substrate 19 is mounted
is brought into the sputtering chamber 2 by way of the partition
valve 3. The sputtering chamber 2 is firstly evacuated to a high
20 degree of vacuum by means of the vacuum/exhaust pump 7 by way
of the valve 6 and subsequently mixture gas is introduced into
it at a predetermined rate by means of the Ar gas introducing
system 8 and the reactive gas introducing system 9 having
respective mass flow controllers. On the other hand, as power
25 1is supplied to the cathode 11 from the DC power source 16 and
the RF power source, high density plasma 17 is formed along the
looped magnetic fields on the target material 12 and the target

material 12 is sputtered at and around the centers of sputtering,



| ooped magnetic fields on the target material 12 and the target nmaterial 12
is sputtered at and around the centers of sputtering, 8 which are in the
regi on where plasma is generated. In this way, the substrate 19 nounted on
the substrate holder 18 that is heated by the sheath heater 20 is brought
into the region where the target material 12 is being sputtered - As a
result, oxide film nitride 5 filmand carbide filmare fornmed on the
substrate 19 that is nounted on the substrate holder 18 by the sputtered
target material. During the operation, the substrate 19 has a tenperature
that is controlled by the sheath heater 20. EXAMPLE 10 Now, the present

invention w || yhasrdaserihere fridgt B whtirehp1 dsafei £ Reaet- gt éd. eXamnie. wdy, t he
illustrated enbodinent, a & target was used as the target material 12 in

t he apparatus tise sshswatienl FGintedonl the\apbstrate hohder dRithatairdhaatedgen
gas were used for the reactive aas i ntroduci ng system9. At the sane tine,

15 sputtering PY &88§heaph hgaern 24 4¢ Wﬁto‘lfntfw wRHenhnre Yretariinet i ¢

circuit sw nging dr.iye 15 was ol ans the contr | unit
o1 such a v Thet betRg R ERE S G el Srad s IG BEEH
circuits 13 was; ii{ 3Qq2Rdril{de rﬁlﬁt 'a¥€ féﬁnéd’%n”?ﬁb“&a&é&%@leohtﬁ%ﬁs%@t rate
19 nounted on the respective 20 substrate hol der 18 when the substrate

hol der 18 was mmdeedo gpasdhe @ubstiéve shsldeee 18f Hyhecheorspaspenetd ngaxgett ar get
material 12. As a result, a 45nmreactive sputtering layer and a 130nm
reflective | ayaenigde foﬁmgont@cﬁp@faftm.smratﬂé‘*straileesw 2h3&nd 2 B

show the substrates 19 obnﬂrvgd | t%ﬂgﬁﬁ anp the s%SeaEL%eaztA s%ws t he
substrate 19 WHIRSTEHBER Thath J°(TRR g™
EXAMPLE
10 Now, the present invention will be described further with
reference to an example. In the illustrated embodiment, a Cr
target was used as the target material 12 in the apparatus as
shown in FIG. 1 and oxygen, carbon dioxide and nitrogen gas were
used for the reactive gas introducing system 9. At the same time,
15 sputtering pressure of 0.7Pa and power of 15kW were used. The
magnetic circuit swinging drive unit 15 was controlled by means
of the control unit 21 in such a way that the swinging speed M
of the magnetron magnetic circuits 13 was 1/50 and 1/7 relative
to the moving speed of the substrate 19 mounted on the respective
20 substrate holder 18 when the substrate holder 18 was made to pass
over the surface of the corresponding Cr target material 12. As
a result, a 45nm reactive sputtering layer and a 130nm reflective
layer were formed on each of the substrates. FIGS. 2A and 2B show
the substrates 19 observed in the example.
25 FIG. 2A shows the substrate 19 whose speed ratio (the moving
speed S of the substrate 19 : the swinging speed M of the magnetron
magnetic circuits 13) was 1 : 50 and FIG. 2B shows the substrate

19 whose speed ratio was 1 : 7. A low reflectivity film was



speed S of the substrate 19 : the sw nging speed Mof the nmagnetron

magnetic circuits 13) was 1 50 and FIG 2B shows the substrate 19 whose
speed ratio was 1 7. Alowreflectivity filmwas 9 uniformy fornmed on the
substrate 19.0f FIG 2A as indicated by a, whereas stripes were produced on
the substrate 19 of FIG 2B as indicated by b and c. Since filmis forned on
the substrate under the condition of a swinging speed of +M and that of -M
of 5 the magnetic circuits relative to the noving speed S of the substrate,
the relative speed of the substrate as viewed from plasma is StMand S-M
In other words, stripes are produced unless Mis sufficiently large or

small. It is egsifmil9 SbinddnaheheSkibPOsatey1saleién@aaasuirdfdienesd by smal |
value for M because 10 Mhas an upper |imt due to hardware-rel ated
reasons. FI G &, iwhezegs apiripkbuetraaprnguced %th@cﬂubvﬁﬂ:ufyte cWaPécF%fhEﬁi c of

the substrate of FIG 2A. Referring to FIG t he wavel ength f or
| ovest ref | ectd¥iipgigares by bk pr esHdge B’yl“} is fexmed AR i SB‘é’%tﬁtet he

priosent | nventy afl. LB JvsLEpgLE 5ok admilcehoubsl aundabeiaeen sp0um and

600nmthat is a center o h range l'e right

in order tg COMR mdgn@t@RlEifctits li’e@a‘:h.@é‘ttdalﬂﬁ?moﬁhﬁﬁ épeédas WRRhe
illustrating the distribution of reflectivity along the noving direction of

the substrat e, sulsitzhte20the relhainedsgnedc banghagublserae g vgewpadetrdd of t he
magnetic circuits. As seen fromFI G 4, when the speed ratio (which is

equal to the rekAsmacdas+hanbertof Ifllﬂih@wwﬁ’g"ﬁﬁg S§pEREF M B PrPHECedaRiRAS ¢
o S ot R S B el Mo PEVELRNE B b i
stripes by selecting a sufficiently small value for M because
10 M has an upper limit due to hardware-related reasons.
FIG. 3 1is a graph illustrating the reflectivity
characteristic of the substrate of FIG. 2A. Referring to FIG.
3, thewavelength for the lowest reflectivity value B is expressed
by A,. For the purpose of the present invention, the wavelength
15 is made to be found between 550nm and 600nm that is about at the
center of the wavelength range of visible right in order to cover
the entire visible light range.
FIG. 4 is a graph illustrating the distribution of
reflectivity along the moving direction of the substrate, which
20 is obtained by changing the swinging speed M of the magnetic
circuits. As seen from FIG. 4, when the speed ratic (which is
equal to the reciprocal number of the swinging speed M of the
magnetic circuits) is not less than 50, the width A A, of the

wavelength A, is stabilized to show a uniform distribution of

25 reflectivity.

10



25 reflectivity. 10 What is clained is: 1 . A nethod for continuously
formng lowreflectivity filmon a substrate di sposed opposite to and
noving relative to a cathode arranged in a sputtering chanmber by sputtering
a target 5 material for formng the lowreflectivity filmonto the substrate
conprising the steps of: generating closed | oops nagnetron plasm on the
surface of the target arranged on the cathode showi ng a sane electric
potential by respectively nmeans of two magnetron nmagnetic 10 circuits
arranged at the back of the cathode; and sw nging the nagnetron magnetic
circuits arranged at the back of the cathode showing a sane electric
potential at awﬁQ€ fu.gher than 1/50 relative to the noving speed
of the substrate, ereby nDV|ng the plasna obtained as a result of the 15
generation of rragnetron plzagsthad €88 ddir iaubhisbDe foimife lbar geflecaccotyli ngly.
2. A method according to claim1, wherein the target material arranged on

t he surface of fihe ctaahsdstrate rtbl@@ogfedappoﬁbteﬁ@ endmovmngamlauwy tO

contai ning one or nore 20 than one of the abo listed elenents

met hod accor di ﬂdzactcs’c’é?éirrﬁai‘geﬁﬁéraeFﬁu‘ét?’é‘r’@e? & R seytt e%mgl;%tgrgﬁ or an
al | oy contaj ni HQteP{hel r %Bhﬁlﬁ @ﬁ‘e 98% z@ﬂ%E&@Bﬁ)’?ﬂ@ 8&@&%%@%@%%%& used
as target ‘and gas con al nrng nore 't nitrogen and

25 carbon is uggﬂpfggﬂﬂgaehévgté@%sof4 An apparatus for contlnuously form ng
ow generating closed loops magnetron plasma on the surface
of the target arranged on the cathode showing a same electric
potential by respectively means of two magnetron magnetic
10 circuits arranged at the back of the cathode; and
swinging the magnetron magnetic circuits arranged at the
back of the cathode showing a same electric potential at a speed
of not higher than 1/50 relative to the moving speed of the
substrate, thereby moving the plasma obtained as a result of the
15 generation of magnetron plasma along the surface of the target
accordingly.
2. A method according to claim 1, wherein
the target material arranged on the surface of the cathode
is made of Cr, Mo, Fe or Ni or an alloy containing one or more
20 than one cof the above listed elements.
3. A method according to claim 1, wherein
a target made of Cr, Mo, Fe or Ni or an alloy containing
one or more than one of the above listed elements is used as target
and gas containing one or more than one of oxygen, nitrogen and
25 carbon is used as reactive gas.
4. An apparatus for continuously forming low
reflectivity film on a substrate disposed opposite to and moving

relative to a cathode arranged in a sputtering chamber by
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reflectivity filmon a substrate di sposed opposite to and noving relative
to a cathode arranged in a sputtering chanber by 11 sputtering a target
material for formng the lowreflectivity filmonto the substrate
conprising: two nmagnetron magnetic circuits arranged at the back of the
cat hode show ng a sanme electric potential so as to generate 5 respective
cl osed | oops of magnetron plasma; magnetic circuit sw ngi ng neans for
respectively swinging the magnetron nmagnetic circuits relative to the back
surface of the cathode, thereby noving the plasna obtained as a result of
the generation of magnetron plasne along the surface of the target 10
accordingly; asgusteoinig @ tapges rfavereaDtfa IfoRgihdiecirnilog Agriseeadiey the
magnetron magnetic circuits relative to the noving speed of the substrate.
12 film onto the substrate comprising:
two magnetron magnetic circuits arranged at the back of
the cathode showing a same electric potential so as to generate
5 respective closed loops of magnetron plasma;
magnetic circuit swinging means for respectively swinging
the magnetron magnetic circuits relative to the back surface of
the cathode, thereby moving the plasma obtained as a result of
the generation of magnetron plasma along the surface of the target
10 accordingly; and
a control means for controlling the swinging speed of the
magnetron magnetic circuits relative to the moving speed of the

substrate.
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