1 DESCRI PTI ON FI LM FORM NG METHOD AND FI LM FORM NG APPARATUS

S5TECHNI CAL FI ELD [0001] The present invention relates to a nethod of
formng a coating on a surface of an ohject to be processed and an
apparatus thereof Specifically, the present invention relates to a
nmet hod of formng a coating usi ng FESERIPIEONNg et hod that is a kind
of athin 10 filmform ng nmethod, and a DC magnetron type film

form ng apparat us. Priority is clainmd on Japanese Patent
Application No. 2009-121894, filed May 20, 2009, the content of which

i's incorporated r.ei r ef CKGROU 0

In related art, Pﬁrﬁgg}dﬂé%& l\ﬁﬁ‘?g&ﬁ‘f‘ 6WFWQ§PM%S

manuf acturing of a sem conductor device, a filmform ng apparatus
using a sputtering nmethod (hereinafter, referred to as "sputtering
apparatus”) is used. In the sputtering apparatus of such an
application, along with a reductTEOHNICALZdELP a wiring pattern of
recent years, in regard to 20a mcro hole of a high aspect ratio, it
is strongly requwoped to forma filmover the whole surface of the
substrate to be processed with good coating property characteristics

(coatability), 3Tﬁ@15re£em m@nﬁdmerg%{sgﬁ ggnétﬁb&%ﬁﬁgg al Saffld ADPLWface of an

required. [000 , In the sputtering apparatus
ti d ab f t the,b S th ) th
Sputtor stnFacepe aResFAPRLE sbrunanee: actenmey Y SOl EESERg

relates to a method of forming a coating using a sputtering method that is a kind of a thin

10 film forming method, and a DC magnetron type film forming apparatus.
Priority is claimed on Japanese Patent Application No. 2009-121894, filed May

20, 2009, the content of which is incorporated herein by reference.

BACKGROUND ART
15 [0002]

In related art, for example, in a film forming process in the manufacturing of a
semiconductor device, a film forming apparatus using a sputtering method (hereinafter,
referred to as “sputtering apparatus™) is used. In the sputtering apparatus of such an
application, along with a reduction in size of a wiring pattern of recent years, in regard to

20  amicro hole of a high aspect ratio, it is strongly required to form a film over the whole
surface of the substrate to be processed with good coating property characteristics
(coatability), that is, an improvement in coverage is strongly required.

[0003]

Generally, in the sputtering apparatus mentioned above, for example, at the back

25  (aside that reverses the sputter surface) of a target, a magnetic assembly is disposed in



which a plurality of magnets are provided so that polarities are
alternately changed. A tunnel-shaped magnetic field is generated at
the front (the sputter surface side) of, the target through the
magneti c assenbly. Thereby, the el ectrons produced as a result of

i oni zat i owhéth 4 glerafifyosftmadnetshiee prav et sartht peladnechary aledrasttlyahanged. A
generated by the sputtering 5can be caught. As a result, electron

density a Besh %@a@'{e&%gﬁﬂé R8Itk d of MEHOABELL sRANE LPBCPLIASIBY the

. 4 ;
density is Increase However, in this kind sputtering

apparatus, anong the targets, t t el referenti.al ly sputtered
e Fegr PR e L bR iy CTRRbh TRl BhF BBt SR
10t he viewpoint of an inprovenent in stabiljty of an electric )

di schar gelon#tiga at e fiopf @by tasget apd sqeapeasy elﬁftyr?wegqlﬁqa@ﬂ%fwﬁe BRUEHNS,
when the region is in the vicinity of the center of the target, an
armount S of car staughtof Asteresudt, glectroudénsyy spitie tfiont oithe tarpei ot imaxsestd; and he
vicinity of the center. In such a case, target nmaterial particles
(for exanelasietddnbitcispadredset.es, hereinafter, referred to as
"sputter particles") sputtered fromthe target are incident to an
15out er periphefgpqportion of the substrate at a tilted angle and are
attached thereto. As a consequence, in the case of being used in the

film formation Bhukle ARRLLGR LARABNANGE ARGYEmcRALLLGHL ALY o I

is known from the past at 'a Sy mre e Cover age
occurs at the outer peripheral . porfion. of the substrat 0005

20Fur t her Hﬁ?@?nffaf%lytm g aieeiod 35%5%3 9 g Brerie Held  oa oy fe,al%x» Hog
t he SFUtter particles discharged fromthe target during film

f or mai @ ontherdewpaintef aanapervemsainsimbddy of peelectiia disshasedbn ess ¢ificienet of
the sputter particles are attached to and deposited on, for exanple,

an exposethesarcbomahe kg foi dxmripbe, mihiag tlehagibais mubdiviamit@ of the center of the
anti-attachnment plate as well as the surface of the substrate. For

that rease@RgetWitindhe oBbbaieh BB iHe t@ideh hiiRg2peeRRgiié inereaddd ihhige ¥ibinfty of

filmto the exposed surface are repeated, the particles such as from
the center. In such a case, target material particles (for example, metallic particles,
hereinafter, referred to as “sputter particles™) sputtered from the target are incident to an

15  outer peripheral portion of the substrate at a tilted angle and are attached thereto. Asa
consequence, in the case of being used in the film formation of the application mentioned
above, particularly, it is known from the past that a problem of asymmetry of the
coverage occurs at the outer peripheral portion of the substrate.

[0005]

20 Furthermore, in the sputtering apparatus of the related art, since the sputter
particles discharged from the target during film formation are tilted and are scattered,
there was a problem in that the sputter particles are attached to and deposited on, for
example, an exposed surface in a film forming chamber such as a anti-attachment plate as

well as the surface of the substrate. For that reason, when the attachment and the

25  deposition of the thin film to the exposed surface are repeated, the particles such as from



3 the peeling-off or the cracking of the thin film are generated due
to the internal stress or the self-weight In addition, a shape defect
or a structure defect such as a mcro protrusion is fornmed on the
manuf actured thin filmis generated, whereby there is a need to

f requent | yhepgeehiosr-offioh éremanokieibethaf filoh erefdehemfednine ngthe isinal stress or
5[ 0006] Thus, in order to solve the problem for exanple,

Pat ent Dogién@Hwelgltli S@l ARBSorR a SR RN ARPRIAE USfebhAth kg iiides a
plurality of cathode units. I'n the sputtering apparatus according to

Pat ent Do INRE i : . . St
such t hat PAUEePas i bR bR P uh R TR bRy HRABY NG AN
whi ch the, s bstrﬁte i.S 18} nount ed on @hgﬂsbaﬁe, i n.a vacuum chanber,
and a secHhUCHIOYY BRI Vg mareradcypLlg sldPyne )2 abdve the stage so
as to be tilted to the surface of the stage. [0007] Meanwhi | e,
as a t&chni que B00@hi ntai ning the inner portion of the vacuum
chanber, techni ques as bel ow are suggested. 15For exanple, Patent
Docunent 2 di scThse&m ardeeohkalivgie: mbbletn RirregamplehPateditiDoouefent 1 discloses a
constitutive substances of the target attached to an inner wall

surface ogpmith@ink bfffur@ths tRLinKRAKINDERAMIISS catdciRUt | IRGhSsHhdFHg
substrate on a Surface of the electrostatic chuck plate which Tixes

the substy {) i: e S j it h
tuPidcd F ?J.S'Eﬂé b IRl Sp bR o G2rB88 s GROLAG W
t he surf ac@;ag@ iec giiugttor ostatic rgdllé{of pti onl,o an%gt rgn Fﬁ%r OdUé)IVnS a
cl eaning gas su h}Pﬁas 22 flyorin as into a yvacuum bat?}. .
Fur t her morze it Serannally Pl da Prscdites pEBrRvEn & shich o ittt s
particles fromthe electrostatic chuck plate, by perform ng_ a
sul f utf c HEvateHPPdRe HYh 81 WAUED SBHNPG andd ¥RO Keransniprsst Sayjasedt i on
cl eaning on the sem conductor wafer. In addition, for
exanpl e, Phligrty Dovathetagt sdias ¢d bseldeddofthe surfage nf thg smgpar at us 25t hat
i ncl udes a shutter mechani sm bl ocking a material froma filmform ng
material 4 suppog7pource (a target), and periodically cleans or
switches a shutter plate that constitutes the shutter nechani sm
Meanwhile, as a technique of maintaining the inner portion of the vacaum
chamber, techniques as below are suggested.

15 For example, Patent Document 2 discloses a technique of etching a thin film of
constitutive substances of the target attached to an inner wall surface or the like of the
vacuum chamber, by mounting a dummy substrate on a surface of the electrostatic chuck
plate which fixes the substrate, bringing the dummy substrate into close contact with the
surface by the electrostatic adsorption, and then introducing a cleaning gas such as

20  fluorine gas into a vacuum bath.

Furthermore, Patent Document 3 discloses a technique of removing particles
from the electrostatic chuck plate, by performing a sulfuric acid hyper-hydration cleaning
and an ammonia hyper-hydration cleaning on the semiconductor wafer.

In addition, for example, Patent Document 4 discloses a film forming apparatus

25 that includes a shutter mechanism blocking a material from a film forming material



[ 0008] However, the apparatus disclosed in Patent Docunent 1 requires
a plurality of 5cathode units to be disposed in the vacuum chanber.
Thus, since an apparatus configurationg s conplicated and there is a
need for a sputter power source or a nmagnetic assenbly dependi ng on

t he nunmbegupply donecet(@arggéty antl peredicslyealehins aryaindleg e shutter bhite thae nunber
of conponents is increased, which causes a high cost. [0009]

10Furtheragﬁﬁumgqﬁgggﬁm;ﬂﬁdkﬁggplques di scl osed in Patent Docunent 2
to Patent Docunent 4 is a technique of suppressing the maintenance

frequency of th@ é m f orm ng chanber. In addition, the
t echni ques disc 8 in Patent Docunent 2 to Patent Docunment 4 have a
di sadvant age that the

ppar at us conflgu ation is conpllcated i C
al so causes 15tH8WF|Ye(jH%E§%Rma %%Bﬁ\é EWIW@R}E{#

[0010] [ Pat ent Docunent 1] Japanese Unexanlned Pat ent
Appl i cat i enthods undts tebbispeseil ontheyaopogchepder.  Thus, sin¢oRyy apparaf¥§c ument
2] Japanese Unexam ned Patent Application, First Publication
2003- 1581 &mfiguration i Rahglivatddend et s3] netd fanespattbinevarismade Pad sapnetic
Application, First Publication 2008-251579 25[ Patent Docunent 4]
Japanese Lexs) igendiAt 6AtheARBIYeE 8F the Rarg il tBére RUDHis&B/h@Be irbthat the

number of components is increased, which causes a high cost.

[0009]

10 Furthermore, none of the techniques disclosed in Patent Document 2 to Patent
Document 4 is a technique of suppressing the maintenance frequency of the film forming
chamber.

In addition, the techniques disclosed in Patent Document 2 to Patent Document
4 have a disadvantage that the apparatus configuration is complicated, which also causes
15  the high cost.
PRIOR ART DOCUMENTS
PATENT DOCUMENT
[0010]
[Patent Document 1] Japanese Unexamined Patent Application, First Publication

20 2008-47661

[Patent Document 2] Japanese Unexamined Patent Application, First Publication
2003-158175
[Patent Document 3] Japanese Unexamined Patent Application, First Publication

2008-251579

25 [Patent Document 4] Japanese Unexamined Patent Application, First Publication



H6- 299355 DI SCLOSURE OF | NVENTI ON PROBLEMS TO BE SOLVED BY THE

| NVENTI ON 5[ 0011] The present invention was made in view of

t he above circunstances, and an object sthereof is to provide a film
formng nethod and a filmform ng apparatus that inprove a coverage
rati o to HbI99385 ooves or hol es of high aspect ratio with a sinple
configuration and a | ow cost, and are able to extend a nai ntenance
cycle of a film 10form ng apparatus. MEANS FOR SOLVI NG THE PROBLEMS
[0012] In order to solve the problem the present invention adopts

the configuration as 15be'Ogbgﬁﬁﬁﬁﬁﬁéﬁgﬂ§ﬂ“@ﬁN%ﬁQ@Ct of the present

invention, there is provide orm ng net of formng a
coating on f j sed, the nethod

i ncl udes Hﬁgﬁﬁgéﬁg%gfgéﬁgﬂéﬁﬁ%ﬁﬁgP%Eégﬁﬁﬁiﬁ? erial of the coating
and the object to be processed in a chanber so as to face each ot her,
and geherating @Okblgnetic field through 20which a vertical |ine of
magnetic force locally passes froma sputter surface of the target

toward a surfac®hd prefemt frivientidrowaedadd intvwier objheabotocitvanptances sebamt
predeterm ned intervals; generating plasma in a space between the

target angdpieleh@bhEisto HovRR aTIACRSERY RMthéDAXOAHGN REmEnSiiphtadls tHAS
into the chanber, controlling a gas pressure in the chanbér to a

f . . . t h
arget: andPgar Ak o AR BRRLK GRhReLFOTH fe bt iRl o
to b d and f ' the 6 ti whi | t | i flyi
i oct | oncOTTERIC R Bar i i w8 <8 Tertuns By Epitteitins tram Y "0
Lar ge%o forming apparatus.

MEANS FOR SOLVING THE PROBLEMS
[0012]
In order to solve the problem, the present invention adopts the configuration as
15 below.

According to an aspect of the present invention, there is provided a film forming
method of forming a coating on a surface of an object to be processed, the method
includes disposing a target forming a base material of the coating and the object to be
processed in a chamber so as to face each other, and generating a magnetic field through

20  which a vertical line of magnetic force locally passes from a sputter surface of the target
toward a surface to be film formed of the object to be processed at predetermined
intervals; generating plasma in a space between the target and the object to be processed
by introducing a sputter gas into the chamber, controlling a gas pressure in the chamber
to a range of 0.3 Pa to 10.0 Pa, and applying a negative DC voltage to the target; and

25  inducing and depositing sputter particles on the object to be processed and forming the



[0013] In the filmform ng nethod, the flying direction
of the sputter particles nmay be 5controlled by adjusting an intensity
of the magnetic field. [0014] In the figl mform ng nethod, the
intervals between the vertical |ines of nagnetic force nay be

i denti cal cdafind, W doakroll BGIfBA ebcllof Of theRENRr pheRI B Eefdrale &y apitesin
to be process%d. 10[0015?@ﬁ%ﬂﬁﬁg1ﬁlrnforn?%g #ethod% t he ingegﬁalsg
between the ysitical lines of magnetic force may be different in a
central regiofi and a peripheral region of the object to be processed.
[ 0016] 15Accord#$g%to anot her aspect of the present invention, there
is provided a fi korning apparatus that fornms a coating on a
surface of an object to be processed, wherein the filmformng

appar at us i ncl ukidBe Hlre fermies miehognthe By g diseghien o haSPHR{ter PRkl may be
material of the coating and the object to be processed are di sposed
so as fo tatwlledbh adiubterg anidtenkitycdt thasiagneticfid.nal space t hat houses
the target and the object to be processed therein; 20 an exhaust
mechani sm t hat @ee¢oppresses an inner portion of the chanber; a first
magnetic field generating nmechanismthat generates a nagnetic field
in a front spacg pbeh, fhaHREnRM Re RULARbeAMCH Sy Sficd BRed A ARS8
gas introduci ng nmechanismthat has a function of adjusting a flow
rate of a,.sputte s..t9.be introduced .into chamber,: a. wer
Source.  nEECesh Pa BT 4EF P iL BRI Pph PR e BT o
the direct 25voltage to set the sputter surface of the target to a
negative BI9%8BEdc potential): and a 7 second nagnetic field
generating mechani smthat generates a nmagnetic field through which a
vertit@l 1ine off0ddnetic force locally passes fromthe sputter
surface of the target toward the surface to be filmfornmed of the
obj ect to be prhcissitd fatimipg eceiod| i hedvaistbetwahshe vertical lines of magnetic

force may be different in a central region and a peripheral region of the object to be
processed.
[00106]

I5 According to another aspect of the present invention, there 1s provided a film
forming apparatus that forms a coating on a surface of an object to be processed, wherein
the film forming apparatus includes a chamber in which a target forming a base material
of the coating and the object to be processed are disposed so as to face each other and
which has an internal space that houses the target and the object to be processed therein;

20  an exhaust mechanism that decompresses an inner portion of the chamber; a first
magnetic field generating mechanism that generates a magnetic field in a front space
when viewed from a sputter surface of the target; a gas introducing mechanism that has a
function of adjusting a flow rate of a sputter gas to be introduced into the chamber; a DC
power source that applies a negative DC voltage to the target (or applies the direct

25  voltage to set the sputter surface of the target to a negative electric potential); and a



5[ 0017] The filmform ng apparatus according to the present
invention further includes a holder in which one or nore concave
portions are provided at one surface thereof, wherein the target
forms a cylindrical shape having a bottom and is nounted on the

concave p@écbh@ﬂlagﬁeticffﬁﬂch Béridedtink ieThaniDatho Fepatites @haghelr: fdld tHeugh
target, and the tirst 10magnetic field generating nechanismis

assenbl eduﬁlfbhtahfe{t% 8L offfla tx%@@%ﬁ%&ﬁﬁ%ﬁ%@%ﬁﬁe# %?ﬂagtj bftn@n

i nternal space o e target. E ENTIFON [ 001
15A di the filmf ' th t f th
vent | ontrE AT dRPERFT ReHTHRGHEL PE T PBICE COeR s ARy ar e et

line of magnetic force locally passes fromthe sputter surface of the
target to ¢r¥alshe surface to be filmfornmed of the obj ect to be
processed at predetermned intervals, the sputter gas is introduced
into the chanbef001dnhd the gas pressure in the chanber is controlled
to a range of 0.3 Pa to 10.0 Pa. 20Thus" a nean free path (M-P) of

the sputter parThefigs f@emnes apahtiyact@dingas igprbdat inde@ain fufthérticludes a
chanber space drops due to the high pressure process gas of the range

of 0.3 Pah&iﬂellig'vg}iﬁg?e%rﬁ%rg QBH(%?? Pbﬁio\ﬁ@ %ﬁiﬂ@ﬂdeé Rnk ls%ﬂfi& tgéréﬁ?lt ion

t hereof is contr sOo as to ow a direction of the vertica

i ne of magnetic for accor di t.0. the |ine of nmagneti f the
mgnet o PE GelEdTeRSCERTadf o fudh bt Gl aie ol B,
and the 25o0bject to be processed, whereby directivity can

" ncr easedo@sarnaertian of 1P Les Bpakt wanypgl@orl 8t ﬁ@ﬁfﬁge‘i» ﬁnfgﬁle first
predeterm ned region, or the filmis not selectively forned in a

pr edei @r mmagueticeild generaiingheedrapisn is hwsemplet tte thegwider 80 astoggeaerate the
obliquely scattered, whereby, for exanple, it is possible to greatly
reduce t henaghétacin@ i arintdrind speposiidtarget. 0 a portion other than the
surface to be filmformed of the object to be processed such as an
5anti-attachnment plate. Thus, it is possible to realize an

i nprovenent in coverage ratio to a high aspect ratio mcro groove or

hol e, andF%EE??F§$?§h%hg“hgq@ﬁﬂﬁeve an extension of the nmaintenance

cycl e of orm'ng apparat us.
[0018]
15 According to the film forming method of the aspect of the present invention,

while generating the magnetic field such that the vertical line of magnetic force locally
passes from the sputter surface of the target toward the surface to be film formed of the
object to be processed at predetermined intervals, the sputter gas is introduced into the
chamber, and the gas pressure in the chamber is controlled to a range of 0.3 Pa to 10.0 Pa.
20  Thus,, a mean free path (MFP) of the sputter particles generated by sputtering the target
in the chamber space drops due to the high pressure process gas of the range of 0.3 Pa to
10.0 Pa, straightness is weakened, the flying direction thereof is controlled so as to
follow a direction of the vertical line of magnetic force according to the line of magnetic
force of the magnetic field generated between the sputter surface of the target and the

25  object to be processed, whereby directivity can be increased so that a film is selectively



[ 0019] 10According to the filmform ng apparatus relating to another
aspect of the present invention, the filmform ng apparatus includes
at least a gas introducing mechanismthat includes a function of

adjusting the flowrate of the sputter gas to be introduced into the

chanber; ajhed o8EGARGrémgRRIA rEsich, br UG s Hog sd@EHaR Bimddiata
generates the magnetic field so fThat the vertical |iné of magneti c

I ﬁé:iu'r { S?eehi%”@ééf ?ﬁgf&? 2"?&%5‘3 f?“% i &%ﬁ*%i?ﬁﬁ“‘g %r%%?@@%eiié%%e‘ﬂ"w ‘
T
%.ecﬁt ggt @'?lgliehig oﬁé%g&?% it we?rg?esg) ?ﬁ)egrte%{fygrgguqe thgelgafcg lgﬂt’g’é’posﬁon i

sputtered, the use efficiency of the target does not dr

Fur t her moR @ortisnesieer shapi the arfacy tobe Bl Fymed gf fhepbiest fodie Rsfa%fw@e%clil As an
the sputtering apparatus like in the related art, it is possible to

r educes t hentirattachachuplateg 20cost of t he apparatus or the running cost.
Thus, it is possible to realize an inprovement in coverage ratio to

the high aspect Tha! itQs PoseibPe B4R afimpRivemamdn ovei @it tda highMkpect
form ng apparat us haV|ng an i nproved nai ntenance cycle with a sinple

confi gur a}dti%rlnfé{:tg%ljo e, and 1t[lgg8§g]ble to achievE hBextdndich @f tﬁ@ heRidafice

Cr oss- sect|ona descri S a structure of a filmform ng

appar at us ag first embodi nent of the present invention.
FIG 2is° i égs%igéqﬁgﬂ§FPW¥%RFthat describes a structure of a

hol der (a cathode Sunit) according to the first enbodi nent that
i ncl udes a targgplghd a first magnetic field generating mechani sm
FIG 3 is a transverse cross-sectional view of the holder shown in
FIG &0 Ar@rdiggite the ffar oimingypparats gdeting toswobecaspertall the prgent
that describes the sputtering in a space in an inner portion of the
target. lobk@ion thefilm RehatpdpparadisdgtladostabRastdege inth@aciag werchardah that
l'ine of magnetic force which is generated by a second magnetic field
gener at i NghcREH8MIRHMon of adjusting the flow rate of the sputter gas to be introduced into the
chamber; and a second magnetic field generating mechanism that generates the magnetic
field so that the vertical line of magnetic force locally passes from the sputter surface of
15  the target toward the surface to be film formed of the object to be processed at
predetermined intervals. Therefore, since the magnet assembly remains which
determines a region where the target is preferentially sputtered, the use efficiency of the
target does not drop.  Furthermore, since a plurality of cathode units is not provided in
the sputtering apparatus like in the related art, it is possible to reduce the manufacturing
20 cost of the apparatus or the running cost.
Thus, it is possible to realize an improvement in coverage ratio to the high

aspect ratio micro groove or hole and to provide a film forming apparatus having an

improved maintenance cycle with a simple configuration and low cost.

25 BRIEF DESCRIPTION OF THE DRAWINGS



FIG 6 is a schematic diagramthat describes another vertical |ine of
magnetic force which is generated by the second magnetic field
generating mechanism FIG 7 is a schemmtic cross-sectional view that
describes a structure of a film 15form ng apparatus according to a
second enbodi mepup2gf the present invention. FIG 8 is a
cross-sectional view that describes a structure of a holder (a

cat hode unit) aggprgi Qgchteﬁ’laﬁ? %ﬂgmﬁ Wiﬁ?@éscﬁ@és%@tﬂu@ﬁké‘@%ﬁﬁl

target and a first nmagnetic d generating nechani sm

FIG 9 is_.a transverse cr ss se t he hol der. shown in
FIG 8 oBRMEd A aoiutig P ﬁﬁfstc?g%eﬁﬂ%%*iv ﬁ{hfe A AergPRTiSor oper Ly
dependi ng on the process pressure, schenat i
cross-sectional F ]\91108\)\? 1 FrRps-sabaRal yicy Q‘@Ed‘??f:“%\esrﬁ %‘PS“’FR)‘P%‘ hldeg (peghode
aspect ratio in which the gas pressure in the chanber is changed and
t he fiJ m usitfaseondthg 12 B st auiRdiment thasheshedes @ tangolsmd st oagictiyifield
that shows a state of a mcro hole 10 of a high aspect ratio in

whi ch t heggrsatingesslibgistin t he chanber is changed and the filmis

f or med. FIG 11Cis a schematic cross-sectional view that

shows a state ofj3m &&%ﬁe}s@ cRss §eé@1b9£l ﬁévP%Fmerh%IdePsﬂd%vﬂ’\fﬁ'th 3he gas
pressure in the chanber 1s changed and the filmis 5forned

FIG 12is a dig .Q%EB%aﬂﬁ%&E@?&&oﬁ SdimhLiQh {hh ﬁ%%ﬁﬁés He dsRenss e

on presence or absence megnet' ¢
DETAI LED DESCRI PTI ON OF THE EREFERRED EI\/BO:)I MENTS 10[ 0021]
Next, a fPFPASEOR AR HGeapPHPAPTLe#&eta il m formi ng method according to

the embodi ments_of the present invention will be described based on

t he dt@wi ngs. FIG 5 is as¢hiemaiit diagiany thepirsealpess verticohlianobapgnstiggonche

filmform ng nmethod according to the present invention, is an

appar at us whithtis parengedb ¢ @ atdond nogneticsiivlf gereratiingansabbsismat e W 15as an

obj ect to be processed using a sputter method. As shown in FIGS. Ito

3, the film FIG. 6 is a schematic diagram that describes another vertical line of magnetic
force which is generated by the second magnetic field generating mechanism.

FIG. 7 is a schematic cross-sectional view that describes a structure of a film

15 forming apparatus according to a second embodiment of the present invention.

FIG. 8 is a cross-sectional view that describes a structure of a holder (a cathode
unit) according to the second embodiment which includes a target and a first magnetic
field generating mechanism.

FIG. 9 is a transverse cross-sectional view of the holder shown in FIG. 8.

20 FIG. 10 is a graph that describes a film forming property depending on the
process pressure.

FIG. 11A is a schematic cross-sectional view that shows a state of a micro hole
of a high aspect ratio in which the gas pressure in the chamber is changed and the film 1s

formed.

25 FIG. 11B is a schematic cross-sectional view that shows a state of a micro hole



form ng apparatus 1 according to the present enbodi nent at | east

i ncl udes a chanber 2, a cathode unit C, a first magnetic field
generating mechanism 7, a DC power soujge 9, a gas introducing
mechani sm 11, an exhaust mechani sm 12, and a second magnetic field
generati ngg a”ﬁ%ﬁ afiesMahid in %8I tREIgistIreRurel il t\aABELHK icRAdeR aAG (REl19Ws
a ceiling portion side of the chanber 2 is called "upper side" and a
botton1poF£' g side thereof is called "l ower side". <First

Enbodi nen §EF'022] The chanber 2 is an air-tight container capabl e of
form ng a vacu 2 vironment. The chanmber 2 dj sposes substrate W
and a target SU}S@' iﬁefscﬁ‘ FhETalG FRss-SepgRal gFevaiigt %’gg’ Sé‘r?tai%%?fé? WA i‘Blﬁce
in which the substrate Wand the target 5 are storaged. .
Fur t her nopga high sspegeratio ip whighdposasdressurg ip dha Gvmper Bichangse apg ghe film is
chanber 2 so as to face the target 5, whereby the substrate Wcan be
posi ti®netbrawd. hel d thereon. In addition, the chanber 2 is
electrically connected to a ground electric potential. 5Herein, the
expression "conpret e 4 Gabit GhOMAE RS FIH orRRkOMd ety depiidigades a
ground electric potential condition or an earth condition. [0023] The

cat hode ug%%mgéhp?%ggﬁéﬁqh Laﬁé%q%gﬁggFgager 3 made froma materia

havi ng co ctivi hol der S0 be nade fromthe sane
material as a target 5 10described later. The target 5 is a holl ow
type (a cylindrical shape having a bottom a cross section of an
upsi de down U shage) taEggts.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

10 [0021]
Next, a film forming apparatus and a film forming method according to the
embodiments of the present invention will be described based on the drawings.
A film forming apparatus 1, which performs the film forming method according
to the present invention, is an apparatus that forms a coating on a surface of a substrate W
15  as an object to be processed using a sputter method.  As shown in FIGS. 1 to 3, the film
forming apparatus 1 according to the present embodiment at least includes a chamber 2, a
cathode unit C, a first magnetic field generating mechanism 7, a DC power source 9, a
gas introducing mechanism 11, an exhaust mechanism 12, and a second magnetic field
generating mechanism 13.
20 In addition, in the description as below, a ceiling portion side of the chamber 2 is
called “upper side” and a bottom portion side thereof is called “lower side”.
<First Embodiment>
[0022]
The chamber 2 is an air-tight container capable of forming a vacuum

25  environment. The chamber 2 disposes a substrate W and a target 5 so as to face each



A case-w || be described where the cathode unit C including a hollow
type (the upside down U shape) target 5 according to the present
enbodi nent is attached to a ceiling po;fion of the chanber 2.

15[ 0024] The target 5 is made of a material that is suitably

sel ect ed depenti g afThibig GABPRASIEiLPheRlibdige B thé tafdck 8RBdo@Bed he
substrate Wto be processed, for exanple, Cu, Ti or Ta. The target 5,

for exanple, ha n_exterior -a.cylindri.cal sha i t
in which a di scﬁ%ﬁ’&f‘ﬁ&r%%%@%e géfsi tishbsed 0 g ooy Orﬁﬁ%gﬁ%ggﬁ?ﬁ?ﬁ% b%W'o
t hereof As 20shown in FI 2, the target 5 is. noynt i.n. a concave
portion 4fas OGRS CieT R thepubstratg iy Cpa bepagiiine 2af ﬂéﬁ Bt
position (inside of the ceiling side) in the internal space of the
chanber 2. The Inaddjion,3h¢ shasahren8ds eldcrically ®Onpunkic & givnee cBclsicpeianasl.
out side the chanber 2. The concave portion 4 is fornmed on a | ower
surface oHetdg thotdeessidn “anthetd cothegndurnidalsuitddpaentiilit wdicles 6 gemnkl G
3) of the holder 3, and the concave portion 4 has a 25circul ar shape

when vi ewed.diQmdnNg Rhaen or &2 edrifalition. Furthernore, the target
5is fitted to'the concave portion 4 fromthe bottomside in a freely

attachabl e and ﬁﬁ?gﬁhable manner. That is, an opening of the target 5
faces the substra side. When the target 5 is fitted in the concave

portion 4, the | ower surface, 5of the. target 5 coincides with th .

| oner surface o%h?ﬁ%mﬁﬁﬂﬁgr §wgﬁe%aﬁ&Fﬁ%%ﬁF&PkéﬁﬁPgﬂﬁ %H§H??E%@§ng
are identical to each other). That is, the length of the target 5

coi nci desceouduitiviie |Tewdrhlenp cahealse bnawde figsy the seing majpiakss § {afget Ag t he
target 5 in the concave portion 4 of the holder 3, a mask plate (not
shown)0 i ndésedbadlagm openiangt §ned hatow tyan (acylowenalsga@r leaingfa bdiem; a
target 5 is attached to the |ower surface of the hol der 3. Wen

10at t achi pghst BRtieAbIRIE Y dovka U4 tA&dtlsi ng portion of the chanber
2, the nmask plate prevents the target 5 from being detached fromthe

concave portiona4.g \Qié% llguéﬁ?esgm’ whdi€ th%%ﬁﬁlg@é #hie COANuAR TSR0 H 1958 (T

exanpl e, the sane nmat as the target

upside down U shape) target 5 according to the present embodiment is attached to a
ceiling portion of the chamber 2.

15 [0024]

The target 5 is made of a material that is suitably selected depending on the

composition of the thin film formed on the substrate W to be processed, for example, Cu,
Tior Ta. The target 5, for example, has an exterior of a cylindrical shape having a
bottom in which a discharging space 5a is formed in the inner portion thereof. As

20  shownin FIG. 2, the target 5 is mounted in a concave portion 4 formed in the holder 3,
and is disposed at an upper position (inside of the ceiling side) in the internal space of the
chamber 2. The target 5 is connected to a DC power source 9 provided outside the
chamber 2. The concave portion 4 is formed on a lower surface of the holder 3, and is
concentric with a center Cp (see FIG. 3) of the holder 3, and the concave portion 4 has a

25  circular shape when viewed from the plane.



[0026] The first magnetic field generating mechanism?7 is, for
exanple, a magnet 15forned in a rod shape, a cylinder shape, or a
prismatic shape, and generates the nagpftic field in a front space
when viewed fromthe sputter surface of"the target 5. The first
magnetic field @g@ﬁgating mechanism 7 is attached to the hol der 3,
and generates the magnetic field in the internal space of the target

5. The first netic fiel ratin hanl { t i

i nserted intongﬂH§€88ﬂﬁb g%v%%@ﬁg%@fgg}%@%g%ﬁgﬁ5@%@@%&%?9§§§%¥%5L§d%f
t he holder 3, The accommpbdati qon_hole 6 isﬁfstablished %n t he upper
surface of 4 Keelnaltardpbls anddetpchablernaimsy i Thanis i aerEeC dhe egs 8 acsF

t he hol der 3. Thus, the accommopdation hole 6 is disposed in a depth
di r ect i onthefsubstetecsites aW¥hpotheitogets, is fitdd ithbe senwwapeidiondnthsdpwersurface
capabl e of accommodating the first magnetic field generating

mechang snmvffthe sargatsadalinicsdee dvithitha leiwrsadece(o tisalidldad @f a horizopfbdsirtae
side) reversing one side 25fornmed with the concave portion 4, whereby
the first (RENBIECHEiRLAcARDEMING). 1BatRC hRNESIM 6f &@%r%étmdn@&s
assenbled to the holder 3. That is, the concave portion is forned
on one surf f 0 he ] I ' or med
on anot nev Bofiy Beahaf (e Rk defh 4 araRErTR AR AR e Blcive PUTS
generating mechanis can sinply be assenble o the holder 3..ln
Phe descr PEERDH g iat ¢ b pieCae SRR Pt e s oL e an
generating nmechanism7 is described as a magnet 7. [0027] In
the preseppendmbaai AEME farge Ssiheiirrhied tethglower sarfaerrf thholdeint ayhen
portion 4, six accombdation holes 6 are forned in a circunferential
di r ect® onatdchirpehe cathetetunitcC ¢ the leeiling phrttohef dendambepdrthé waskiplate

equal intervals. Thus, six magnets 7 are fornmed 10around one concave

portion 4pakems U talght Si¥al Beinddbtddned Wofethe 3sncahoPsrtivA 4F G thls cae, the
dept h of Fhe accomodati on hole 6 fromthe upper surface of the

hol der 3 g@sgﬁfafé&meﬁagfeffgdg% fgﬁgggﬁopge,zh@{aﬁlmmé@e%&%& he depth

position east tom portion of the target 5.
That is, the acgﬁggﬁdation holes 6 are forned up to the position of
t he depth of ab /3 of the target 5. 15The nmgnets 7 are desi gned
so that a stroni magnetic field of 500 gauss or_nore is generated in
the internal spabelBShnEengtitdisle gesratms prA HEN /g SdPs S ABEGE t he
concave portion 4. In addition, the magnets 7 are erected so that the
pol ar 1§ i eforntedrieafrodshape,denytinder| shape, ene hrismtiy shape, ang genfetes thie pegnetic
positions of the disc-shaped support plate 8 (for exanple, the
polarity dikldine fsanppmict wheatvievidi fBors éie spatt®d spaher) of the target 5. The first
magnetic field generating mechanism 7 is attached to the holder 3, and generates the
magnetic field in the internal space of the target 5.  The first magnetic field generating
mechanism (the magnet) 7 is inserted into an accommodation hole 6 formed on an upper
20  surface of the holder 3. The accommodation hole 6 is established on the upper surface
of the holder 3 and is extended in a thickness direction of the holder 3.  Thus, the
accommodation hole 6 is disposed in a depth direction of the concave portion 4, and the
accommodation hole 6 capable of accommodating the first magnetic field generating

mechanism 7 is established on a surface (a surface of an opposite side) reversing one side

25  formed with the concave portion 4, whereby the first magnetic field generating



20[ 0028] : Mor eover, when joining the support plate 8 to the
upper surface of the holder 3, each nmagnet 7 is inserted into each
accommodati on hole 6, whereby each magpnet 7 is disposed around the
concave portion 4 (see FIG 2). The support plate 8 is also fornmed of

a materia egga;ﬁ.isﬂg’] CANGHOIY M %%em@i@&i pfhk ep1dRPs h ‘Plflattig]%eséﬁﬂ@ﬁfetpﬁﬁli(?ﬁ £is8

and the ho 3 2bare joined to each other, for exanple, both o

them are fixed to each other .by.the e of a 4.f astepin ni sm
such s ator on PRE SiheBobfie ek daait I R oftmoliicTRiER { Hatee o
refrigerant is circulated, is provided jn the internpal space of the
support phugtiergurfagepfibghddende W%r%ymﬂﬁsh@a%}egpéﬁeﬁ%&ﬂe@g%g echpnism 7
hol der 3 with the target 5 inserted thereto during sputtering.

5[ 0029] can simpFuretdseamidedto the holder Jragindhe deshaptian astbetnyy e sdme ¢4sed, the
generating mechanism) 7 is integrally attached to the support plate
8, thes magneinagnétic fidé gériceairganédheniaaciodedabedns holagnd 70y | oi ni ng
the support plate 8 to the upper surface of the holder 3, whereby the
magnet 7 as therghbtst magnetic field generating mechani smmay further
sinply be 10di sposed around the concave portion 4. [0030] The
DC power source; 9.1 - call ) . t | £S a
negati ve DC vol ]tnzflél%%{egelﬁ%gl% %‘Pgegl%’ aggﬁ‘ﬁ%m:%ﬁa?ea??%dc grc%g%a&@ &gglogl %
direct voltage to set the sputter surface of the target t he i
negat 1 ve. SraErBOtoRdITes e biitnen s SrenairrLet i ipsol fie bofentic
15Furthernore, the DC power source 9 is electrically connected to the
cat hode upirele @ithtthecenspyreporgpn 4[apenm] intervals.  Tirus, asndgaets ddurionged
mechanism 1|l adjusts the flowrate (inflow volunme) of the sputter gas
t o beld nt nodud ede toricavd petichdrbequalintavds.i Rfurtduces, astshowexahfkd, at he
sputter 20 gas such as argon gas via a gas pipe connected to a side

val | of t hgptk BaHReEcEANMbEAHRGODE Gomt theuppdietirfaRbfOie KdIGerBas s@tispéh that
comuni cates a gas source via a mass flow controller (not shown).

[0032] the magnets 7 are positioned to the depth position of at least 1/3 from the bottom portion

of the target 5. That is, the accommodation holes 6 are formed up to the position of the
depth of about 1/3 of the target 5.

15 The magnets 7 are designed so that a strong magnetic field of 500 gauss or more
is generated in the internal space 5a of the target 5 upon being disposed around the
concave portion 4. In addition, the magnets 7 are erected so that the polarities thereof
are identical to each other at a predetermined positions of the disc-shaped support plate 8
(for example, the polarity of the support plate 8 is set to N pole).

20 [0028]

Moreover, when joining the support plate 8 to the upper surface of the holder 3,
each magnet 7 is inserted into each accommodation hole 6, whereby each magnet 7 1s
disposed around the concave portion 4 (see FIG. 2). The support plate 8 is also formed
of a material having conductivity, and after both of the support plate 8 and the holder 3

25  are joined to each other, for example, both of them are fixed to each other by the use of a



The exhaust nechani sm 12 deconpresses the inner portion of the
chanber 2, for 25exanple, is constituted by a turbo nol ecul e punp, a
rotary punp or the like, and is 15 cogaected to an exhaust port
formed on a bottomwall of the vacuum chanber 2. As shown in FIG 1

upon star fés@ginghﬁeﬁﬁﬂgﬂ%hcm@&{. S h hdditibA& hBaRhisROtHrb&h Which AR
chanber 2 1s subjected to the vacuum exhaust from the exhaust port
via the exhaust .pipe a, -5 0033} . The.second ma iLc fi.el

gener ati i neaiint Sfedd8irupaeRd i B8 MEEALh-L NG Wigshitifin g, endmey
vertical line Mof magnetic force |ocally passes fraomthe sputter,
surface ofCTYhies & ackuie Date hahrepls He b@ﬁ?ﬂr é&@ﬂx @e frEegtid) 1%%5 ﬁlé“getefﬂu’f%
substrate Wat predetermned intervals. 10The second magnetic field
gener at i ngputteohani sm 13 includes a coil which is formed by wi nding a
| ead wire 15 around a ring-shaped yoke 14 provided at an outer wall
side of the chapdoey] 2 around a reference axis CL connecting the
target 5 with the substrate W and a power source device 16 that

causes the currgphdsfofd aWhd Hl_a%&? g&@'gl!rst zﬂagnwbeﬁaa%a%aﬁrﬁgm@aiaﬂﬁﬂ@ 7 is

the coil includes an upper coi i sposed at the 15upside, and a

| ower coil .1 i i - .
the. cur r eMTEETERETE R B RtRE 8 meE St imaratyg ASpEebERMien
verti cal gnetic. field can b nerated such th he, vertjcal Line
of " Imgnet PERPUE Mt e PPDEINES S tuaret etk P ge et PhGeDy the
substrate Wat predetermined intervals. If 20the filmis formed in
this stat aagn¢td asghe fiest mpanaticdiedd gnemingmecchaigiaimay frthersynpydiel ed in
the flying direction thereof by the vertical magnetic field, whereby
t he splitt disppdtaraindsheceamche @ppom#ki mately vertically incident to and
be attached to the substrate W As a consequence, if the filmformng

appar at us accorgﬁnglto the present invention is used in the film
form ng process in the nmanufacturing of the sem conductor device, it

i s possible 25tgpf %@B&wﬁa‘? G9AL b0g, N Aifg sﬁlﬁ’t'fefr%SQGf)gou}&edﬁt%ﬁfiésaé e W

with satisfactory directivity even in

negative DC voltage to the target during sputtering (or applies a direct voltage to set the
sputter surface of the target to the negative electric potential), and has a known structure.
15  Furthermore, the DC power source 9 is electrically connected to the cathode unit C (the
target 5).
[0031]
The gas introducing mechanism 11 adjusts the flow rate (inflow volume) of the
sputter gas to be introduced into the chamber 2, and introduces, for example, the sputter
20  gas such as argon gas via a gas pipe connected to a side wall of the chamber 2.
Furthermore, the other end of the gas pipe communicates a gas source via a mass flow
controller (not shown).
[0032]
The exhaust mechanism 12 decompresses the inner portion of the chamber 2, for

25  example, is constituted by a turbo molecule pump, a rotary pump or the like, and is



16 a micro hole of-high aspect ratio. [0035] Furthernore, in
t he second magnetic field generating nmechanism 13, by adjusting the
intensity of the magnetic field, the f&ying direction of the sputter
particles 5can be controlled. [0036] Her ei n, the nunber of

the coils e 4l I t ' d w.re
15 can becéﬁlle?tg% f({/&s%)?llagg‘ééﬁdc?%edo%eat I#et{bg? ggil g?g{éﬁécgé? Eﬂébﬁn%e? Qf h\gs

di stance bet wee he target.5 and .the subst.rat .t he rated_current
Vel o of RBE € sibh S5 inalF Etans e oy 54T PPRRELETor 1 he
magnetic field to be generated (for exanple, the diameter is 14 mm
and t he nehasegher 8fis sybirgtadgoitke iegpumieaba sl ey the exhayptarort Vi ghergrhaust pipe
present enbodi nent, when generating the vertical nagnetic field in
two coil sl2B8u and 13d di sposed up and down, in order to approxinately
15equal i ze the filmthickness distribution in the plane of the
substrate Wdurjopgsfil mformation (approxi mately equalize the sputter
rate in the dianeter direction of the substrate W, it is desirable

to set the posi {00800l mbBiE el PockBtAlthetfithil 15 MEn RS i Fhagneric

direction such that t stance Det wee ower e e upper
coil 13u q% tqﬁ t et 5 and the distance ﬁgt en_an.u r.e ﬂ of
the | ower IO SF g erital W R blssac B e 4P s abtlis
di stance up to a mddle point Cp of the reference axis. Furthernore,
in this cag&cejof thedagghs %@@&%ﬁpﬁwt@&aiflrl@cf%lmoftth%swtgﬁtaﬁ%ét
between the | ower end of the upper coil 13u and the target 5 is
coi nci denpredetetminhéindérsalance bet ween t he upper end of the | ower coil
13d and the substrate W and the upper and | ower coils 13u and 13d
may beo provi dedThd sdebd haghksicdRldgericheing atcghiniSand ifdedes ulesilretieh ¥/
25[ 0038]
formed by winding a lead wire 15 around a ring-shaped yoke 14 provided at an outer
wall side of the chamber 2 around a reference axis CL connecting the target 5 with the
substrate W, and a power source device 16 that causes the current to flow in the coil.
In the present embodiment, the coil includes an upper coil 13u disposed at the
15  upside, and a lower coil 13d disposed at the downside.

[0034]

As aresult, the current is caused to flow in the coils 13u and 13d, whereby the
vertical magnetic field can be generated such that the vertical line of magnetic force
locally passes between the target 5 and the substrate W at predetermined intervals. If

20  the film is formed in this state, the sputter particles from the target 5 are controlled in the
flying direction thereof by the vertical magnetic field, whereby the sputter particles can
be approximately vertically incident to and be attached to the substrate W. Asa
consequence, if the film forming apparatus according to the present invention is used in

the film forming process in the manufacturing of the semiconductor device, it is possible

25  to form the coating on the surface of the substrate W with satisfactory directivity even in



17 The power source device 16 has a known structure that includes a
control circuit (not shown) capable of arbitrarily changing the
current value and the direction of the current to each of the upper
and lower coils 13u and 13d. In additibf?cn in order to arbitrarily
change th Lent u e direction of the current to each of
t he uppergglg%%hﬁ%m‘g\rﬁ O%ng?%%&and 13d, Fig. 1 shows a configuration
provided with \z,a&ﬁgg)]ar ate power source device 16, but when causing the
current to fl oW lkach of the coils 13u and 13d by the sane current
value and the direction of the current, a configuration may be

adopt ed i n whi churtheamergr indhe s¢cené gagetictiield pewrasipgomehpsieri 3sbr ce
devi ce. [0039] 10By configuring the filmform ng apparatus 1 as

ment i onedadibaing,thé imtdnbiey ofihe nofgnstpufi¢lér the f yingelidcatiaped! the spittenpdrhieles
sputter particles scattered fromthe target 5 have a positive charge,
the flyingaid @airbosy.t hereof is controlled by the vertical magnetic
field fromthe target 5 to the substrate W whereby the sputter
particles are \a[@@g@);i mately vertically incident to and attached to

t he substrate oV t he whol e surface of the 15substrate W As a

consequence, if_the filmform a at .is used in the film
form ng processHPﬁl%ﬂ'@Wﬁ&{?‘gr‘fO@gﬁ ?‘@J@Sﬁ’la%ﬁ%ﬂberw dinewmbeg of o
possible to realize an inprovenent in coverage ratio to the high
aspect r atliedeadi ¥io 1 yravhesudieblyseiedeppubagpn fedize of dipslatachey the élsgainpfm
formation using the filmformng apparatus 1, an 20 exanple wll be
descr i bedbétwewhihehargetCuarfd thesdstrateSHabe rdted enriest fdugrelthbypowkrsource
sputtering by the use of a material formed by formng silicon oxide

film (@ nsykatd oa) of bh MrerRity (HRsHiof Haf @igrRUE Fiakieto &8 ghi@atsd BT Eadngpl¥Wihe
subjected to the filmformation, and then patterning a mcro hole for

wring in id : i Wale SF- W nmet hod. [0041]
25Fi r st | y?fa?ﬁée?g%lﬁé@%,%ﬁ?g%fr{uﬂﬂe%lﬂf%ﬂ%ﬁgg lggg)é\gve portion 4 of the
| ower surface 0{0051?]6 18

Furthermore, like the present embodiment, when generating the vertical

magnetic field in two coils 13u and 13d disposed up and down, in order to approximately

15  equalize the film thickness distribution in the plane of the substrate W during film
formation (approximately equalize the sputter rate in the diameter direction of the
substrate W), it is desirable to set the positions of the coils 13u and 13d in the vertical
direction such that the distance between a lower end of the upper coil 13u and the target 5
and the distance between an upper end of the lower coil 13d and the substrate W become

20  shorter than the distance up to a middle point Cp of the reference axis. Furthermore, in
this case, it is not necessarily required that the distance between the lower end of the
upper coil 13u and the target 5 is coincident with the distance between the upper end of
the lower coil 13d and the substrate W, and the upper and lower coils 13u and 13d may
be provided at the backside of the target 5 and the substrate W.

25 [0038]



hol der 3, and the support plate 8 with the magnet 7 erected therein
is joined to the upper surface of the holder 3 so that each nmagnet 7
is inserted into the acconmmodati on hol e 6, and the support plate 8

and the holder 3 are fixed to each ot hE7r, for exanple, using a bolt,

e e b N e el

is attached to ngI’etIOI’l of "theC

Next, after nounting.the substyrate Won the stage 1Q facing th

cat hode u#iof shewny ﬁ@@mﬁ?ltrﬁﬁg’@ﬂ@ﬁg gﬂf@”@?%vé’t%%et aﬂ%d%@?%gw §?the
operated, the inner portion of the chanber 2 is subjected to the
evacuat i oenregat toocagh pf thdapperrind dowereeyile 3w ind hidyurn pddHon.0r vedtep e,
10-5 Pa), and the power source device 16 is input to cause the
current tabftaely cliunghéeaidest vihBie addhd digectiohef geycutrhet toraehedfi the fipper d
is generated such that the vertical line Mof magnetic force (FIG 5)

local |y paREBYef EAM BRGNS @ya,tﬁ% Si6AGR R gliBford BRI HithRpskatehe
surface to be filmfornmed of the substrate Wat predeterm ned

interval s, ' j - [ ' - [ . '

of the subtlrablGrbhEE 5 ol RLESEHiRe GERLRRL RO iPEldRRB A 94 8l
intervals en the vertical |ines of magnetic force_are .identical
to each oﬂffﬁ\gyt Gamg purrent valte g SRSt OE AUTE L SRguTaof gy be
chanber 2 reaches a predeterm ned val ue, the sputter gas fornmed of,
for exanphdoptetlrinvdri¢foihp cyaentiiscauged Wdirvelly PR¢ BOYHSOBIKARPEFE.2 at 20a
predetermned flow rate (that is, so that the gas pressure in the

chanber 2 is cofB®] led in the range fromO0.3 Pa to 10.0 Pa), the DC
power source 9 is started, and a negative electric potential of a

predet@r n ned VBl uenfigurmBRhd £6h FRniidleappatdnadeasufibdtiobed Bve initRPtkds of
[ 0044] When the negative electric potential is applied to the cathode

unit C a i I L t of
the cat hoda g 3 FEIES A ARSIk et PRRELP bR 8
hol der 3, and, at thjs tinme,. the plas is.cantained i.n_the s a
by the magtie s g Grion PR aanaie S e bR R IR
i ntroduction of the sputter gas_in this state, the self-di scharge i's
per f or med frop the éargfﬁé(’tg thpsubstrate W, whereby the sputter particles are approximately

vertically incident to and attached to the substrate W over the whole surface of the
15  substrate W. As a consequence, if the film forming apparatus 1 is used in the film
forming process in the production of the semiconductor device, it is possible to realize an
improvement in coverage ratio to the high aspect ratio micro groove or hole.
[0040]
Next, regarding the film formation using the film forming apparatus 1, an
20  example will be described in which a Cu film as a sheet film is formed by the sputtering
by the use of a material formed by forming silicon oxide film (insulation film) on the Si
wafer surface as the substrate W subjected to the film formation, and then patterning a
micro hole for wiring in the silicon oxide film using a known method.
[0041]

25 Firstly, the target 5 is fitted to the concave portion 4 of the lower surface of the



[ 0045] 5Moreover, the argon ions or the like in the plasma crash into
the inner wall surface of the target 5 and are sputtered, the Cu
atons are scattered, and the Cu atons the ionized Cu ions are

di scharged fromthe opening of the lo surface of the targets into

t he chanber. .2 10 d the bsty ate W W t h [ e -

st ai ght ngues L3 bRl el D B8N iRt o g ovper

When the ionized Cy jong are discharged, fromthe openi ng of. th Io%/er
surface ofurfageof Beheldes3 sp hat greliinggneb’ apseriefapy thsacesr m@ﬂ%ﬁ‘ﬁi@i‘(’le ;

space is shortened by the high pressure process gas, and the

st r ai ght naskthe suppostiqdate §. and tusholdey 3shiefinedip eanh athenipr axampls, ugng a bolt,
according to the shape of the vertical line Mof nagnetic force

| ocal | y gerRebataedmbiihip e dadtedspuittter Morebegethotathbde drar ¢ éd attaichaivarthle

the substrate Wat a predeterm ned space, the flying direction is

controd | egkifQs AstibR of BlelcB¥mbl® direction of the line Mof magnetic
force, whereby, as indicated by the dotted-arrowin FIG 5, the

directivity is @%Q%\Eced so as to selectively formthe filmonly in a
pr edet er mi ned regi (or not selectively formthe filmin the
predeterm ned rgegion). 20[0047 cons ence, at . a .
position (a reg]i\Ig?f1t>?l I“Efmnﬂ@gQ%Pit}'%%“?%b&‘ﬁétaﬁﬁzggﬁé‘?ﬁ th cahode it C,
target 5 and the surroundi ngs thereorfgjé i medi ately bel ow t he ogeni ng
of the tathgexh®ist meehanisnn(the extenstmympy 133 ensrateds shainnenqaoreeredithai gh
filmthickness uniformty, whereby, the filmcan also be formed with
sati sf act cliamlmpatis nibjqtaipe thycevenionmptthe phidgteraspd degi2é patioum (Eoro
hole in a predeterm ned region of the substrate W 20 In

addi ti@n, edmplBi ®trayBandNe PEwRtisehidd devies 9 isiipltedtaust e duadh@bifRy B
the like, the growth of the thin filmcan be pronoted. [00481 In this

manner, i 9%?? fic FeRAL bRl Ea btndh SRS GG 1138
to 5face E}ﬁe‘;&?g%@?ﬁg{%ﬁﬁg% t em%%{s%ecnat er igglfl %*\M tlﬁce coat?ng l?érz lt he
chanber 2 il e generati t he netic fi.eld so that t vertical
e of mibherpeigivse rbiehs (opRoRaSsommiE U sbTfe i 1t 577 e
target 5 toward the surface to be filmfornmed of the substrate Was
t he obj ectowad B yyrigeewdediiay foppediet Be sibstate Wb Prrdptermippe g R o At
gas is introduced into the chanber 2, and, by controlling the gas
pressure ihis time, inharebeal region lard 4 ewplyeal region Of the Pabstrote]. that Pythetohiect
sputter particles having the directivity can be
15  to be processed, the intervals between the vertical lines of magnetic force are identical to
each other.
[0043]
Moreover, when the pressure in the chamber 2 reaches a predetermined value,
the sputter gas formed of, for example, Ar (argon) gas is introduced into the chamber 2 at
20  apredetermined flow rate (that is, so that the gas pressure in the chamber 2 is controlled
in the range from 0.3 Pa to 10.0 Pa), the DC power source 9 is started, and a negative
electric potential of a predetermined value 1s applied to the cathode unit C (power input).
[0044]

When the negative electric potential is applied to the cathode unit C, a glow

25  discharge is generated in the space of the front of the cathode unit C from the space 5a of



transported fromthe sputter source toward the substrate. Thus, the
sputter particles fromthe target 5 are changed in the direction
thereof by the vertical magnetic field, and are approxi mately
vertically incident to and attached tolfhe substrate W As a

consequenge, if the fil.mformng,apparatus;according to the present
enbod nent @t s pTes P RE PR SR E St P T FERY o
the sem conductor device, in_the high aspect ratio mcro hole, the
filmcan Hieduagnetic Beldwaneoler byile RAFIE 7s uiYhsestappingibe widpstianotiig n
a satisfactory coating property, whereby the coverage ratio can be

i mpr oved. sjf0E483s ig@iksiste, ihfe selialischinge fsgramonyedppthe apags Saccording to
the present enbodinment is used in the filmformng process in the
production of tfm4sem conductor device, in the high aspect ratio
mcro hole, the filmcan also be formed with a satisfactory coating
propersy. Fur t ey, il diesh fofieol HRMRRA! AAAMIRAN ifth diinsiilt ef

particles can be contro the sputter particles are controlled
so as to be.lim.t.ed on to the substrate,. the a of i.1iaon
Co & port FaiesOn R RaY ot SRuRIEE W o b S Rl Bg SRCR AR
plate can_ 21 greatly be reduced,. whereby the extension, of e

mai nt enan&¥ 189«15%86 nspEe distiaggre drom e&@&?@ﬁ&ﬁﬁl@épwerew fage 2;%[ tg? gty
of cathodes like in the related art is not provided in the film

form ng appathetahempeskioivard tepabdidta W witle asechydeares of Bisaighpessatsugdicated
configuration is changed, the configuration is sinple, and the
product i obyadsttedhrrodén Bpgar at us can be 5| owered. [0050] I n
addition, i1n the present enbodi ment, a configuration was described as
an exggple in mﬁkﬂb1a rod shape is used as the magnet 7, but, if the
strong magnetic field of 500 gauss or nore is fornmed in the space 5a
of the target 5 j ion. i Lt i I gl

Thus, the space gﬂﬁ?&@ﬁfeﬂe«?gﬁl gélltls EEG t&%ﬁﬁhg%e I @%éltéée sg]rgao\'sf ﬂ%éol%?%&fjaﬁg
t he target usi ng. the ring-sh agnet.. In this case, on.t er
Sur t ace off Mracg e meieain AFPRE B shher Shics FogoEetagnfe 1P

accommodati ng the ring-shaped naqpet therein may be establjshed. .
[ 0051] pressure process gas, and the straightness is weakened. "Thus, as shown by an arrow in

FIG. 5, according to the shape of the vertical line M of magnetic force locally generated
15 from the sputter surface of the target 5 toward the substrate W at a predetermined space,
the flying direction is controlled so as to follow the direction of the line M of magnetic
force, whereby, as indicated by the dotted-arrow in FIG. 5, the directivity is enhanced so
as to selectively form the film only in a predetermined region (or not selectively form the
film in the predetermined region).
20 [0047]
As a consequence, at a position (a region including a portion facing the opening
of the target 5 and the surroundings thereof) immediately below the opening of the target
5, the film is formed so as to have an extremely high film thickness uniformity, whereby,
the film can also be formed with satisfactory coating property even in the high aspect

25  ratio micro hole in a predetermined region of the substrate W.



15Furthernore, in the present enbodi nment, a configuration was

described in which the target 5 is inserted into the holder 3 in a
freely attachabl e or detachabl e nanner in consideration of the mass
productivity or the use efficiency of Zhe target, but the holder 3

itself can al so _serve as et 5.. That configuratiaon

be adopted in wif ﬁgﬁr?tﬁﬁgu%% BU@”%E%F?%%VQYPﬁﬁ#BPHﬁgﬂBHC?ﬂg”g%%er
surface of the holder 3, the magnet 7 is 20 equi pped around the
concave pﬁ’!etﬁf@)‘ﬁth@ft%@ﬂ’fﬁ@lpﬁh]éﬁ‘rpiﬂﬁlmedsurface of the concave portion
4 is sputtered. [0052] Furthernore, a configuration may be
adopt ed i n whi cfp0d8hi gh frequency power source (not shown) having a
known structure is electrically connected to the stage, a

25pr edet er m nedibhaSn&neg if e pheefdnitddirhent PP kittateoVtingissdsadeo 4o
and the substrate W 22 durlng sputtering, and in the case of

fon-ni ag Ezﬂ:@ {5 G et V\;]ﬁ%’{’g{b yé’{hﬁgzise 155'@1‘19%)1’%19@&)_2@5? iP@S Ichan{Sdry, @bl aCt ed

to the substrate, e sputter rate 1s rncreased. [0053] In
addition, in the ve £ase

ther e 5 hetTort e BoghTats Tl (BF PR e RS R0 Sl
are identical to each aother.  in the central region and t her al
regi on of fopeths spter surdaopof thydaxest S tayard @?ﬁébtg‘?evtélbg?r}g@j fg‘é”??%‘bg B

el ectric current value to be applied to the upper and | ower COI|S 13u
and 13d byulishietegbwe thesahieat &0 bemiocessabat paglettmoyrediipeals, the spefter gas is
configuration may be adopted in which the intervals between the

vertical litr@scdd iafo theghetbea 2f aid; &y aoetrdliad fHeame ptesfurom t@achansidaén thien
the central region and the peripheral region of the substrate W

In thig C?a?%e Ao Brptaqeqt)toypaomet ?ﬁtt&%@ﬂ@qésqlawngltﬂe m%ecﬁditg(a@&rﬁ@b and

the flying direction of the $put particles 1I's controlled, whereby

E 88525 Im (t:ranSp%?te& ?Irofﬁet%e slgut%r g&ﬁ"ké %%a{“t? glle%ﬁbstxja?e <%ﬁ§) rfﬁ]e EH?&%%JFEQE?

from the target 5 are changed in the direction thereof by the vertical magnetic field, and
are approximately vertically incident to and attached to the substrate W. Asa
consequence, if the film forming apparatus according to the present embodiment is used

15  in the film forming process of the production of the semiconductor device, in the high
aspect ratio micro hole, the film can also be formed over the whole surface of the
substrate with a satisfactory coating property, whereby the coverage ratio can be
improved.

[0049]

20 Thus, if the film forming apparatus according to the present embodiment is used
in the film forming process in the production of the semiconductor device, in the high
aspect ratio micro hole, the film can also be formed with a satisfactory coating property.
Furthermore, since the transportation path of the sputter particles can be controlled, if the
sputter particles are controlled so as to be limited only to the substrate, the amount of

25  deposition to a portion other than the substrate such as an anti-attachment plate can



In the first enbodi mrent nentioned above, a configuration was

descri bed which includes a cathode unit with only one target
(material) attached to one side of the holder, but the present

i nvention is not I|mted t hereto. 20Thdk, |n t he present enbodi nent,
afilmformn be descri chlncludesth catho
i t ¢ hEY b ERROS BReithy e S CRRn i B PR Ee B B ATUPAE

t he hol der. [0055] Asshownln FIGS. 7 to 9, the filmformng

appar at us a@ltl@lb scaiheplesliting cabpdesdiiotin dhepslatadent is pet prowidss Hbthﬁ Aem
filmformng nethod of the present invention is an 23 apparatus that
forns t hefamatg apacmstitvel fseoniymesl tofa dabewberb she gtperattsonfiguretiprest t o
be processed using the sputtering method. The filmform ng apparatus
21 i ncl udggan %Ed liga&inflchRiieh @ dgple2 and e petfub@stecdinbi th&appdrt@s Ednisd
magnetic fiel'd generating nmechanism 7, the DC power source 9, the gas
i ntrodyci ngﬁqufham sm 11, the exhaust nmechanism 12, and 5the second
rragnetl C generating mechanism 13. In addition, in a second
enbodi nent desc d g bel ow, portions different fromthe first

enbodi ment nent (9 above wi Il mainly be described. Thus, the sane
conponents as the first enbodinent wi |l be denoted by the sane

ref erence numer B alditigagin the Pereg cMPOR BRIt (A rOnBERralipy Papdesshped ddand
not be described in detail. 10[0056] The cat hode unit d

i ncl udes axatiysle irswhisha rhoklipe 19Gsediae hewnammet!7 foubnf theptramemagietie fiekd of
manuf actured of a material having conductivity. The holder 23 is also

abl e to bgoopaust achisted f@imedfifthevpasad£of thb ergaspherbefidiahti@ss hbe
target described later. On the | ower surface of the holder 23, a

plurajgty Qlfncﬁ g%ﬁteeorfrwgqe g%e?a&f‘tﬁ&f&@ét 5HRANRS MRReALS a4 gwed

froma pI he sanme op nlng area is forred. I'n the present

e e RS oy e e, SEEAYS Rl e

and six concave por tions 4 are forned ar oun t] concavetapo%t ion 4
on the saf¥ FHEPnaR FUeia QarATRPeTRIONEOYR CEPY halsissogmodpieBficave
portion 4 so as to be situated at equal intervals. That is, in the
present 20ingrsbeptidmesgnet bawicoar bo estpdishedn 4 formed in the center Cp
of the holder 23, and six concave portions 4 foinied on the

ci rcunference s@idSihg the center Cp of the holder 23 as the center of
circle at equal intervals are shown as an exanpl e.

15 Furthermore, in the present embodiment, a configuration was described in which
the target 5 is inserted into the holder 3 in a freely attachable or detachable manner in
consideration of the mass productivity or the use efficiency of the target, but the holder 3
itself can also serve as the target 5. That is, a configuration may be adopted in which
only the concave portion 4 is formed on the lower surface of the holder 3, the magnet 7 is

20  equipped around the concave portion 4, and the inner wall surface of the concave portion
4 is sputtered.

[0052]
Furthermore, a configuration may be adopted in which a high frequency power

source {not shown) having a known structure is electrically connected to the stage, a

25  predetermined bias electric potential is applied to the stage 10, and the substrate W



[ 0057] In the present enbodi ment, a configuration was
described in which six concave 25portions 4 are formed therearound on
the basis of the concave portion 4 forned on the 24 center Cp of the
hol der, but six concave portions 4 may2be formed therearound on the
basi s of each of the copcaye porti.ons 4 on the i in :

ci rcunf er SHEE Wétt?ré’sgpé%‘{] / ?#GIO forgRg FhBﬁl,‘e%?WTn‘gﬂ:'ﬁf?ﬁ%CN%sﬂ? ty of
concave portions 4 may be formed outside of the holder 23 in a

di amet er psitecly ghragtehta the sehstreisnwheeby Bretspulis rafe saingsesse f or med) ,
and the 5concave portions 4 may densely be fornmed over the whole

| ower surface oi00s¥le hol der 23. Accordingly, the area of the | ower
surface of the holder is set such that the center of the concave

portion 4 situageddidint RehOhBEIRRht Bektioned a8fve!l HEasB A Aeschibed Mere
dianeter direction is situated inside the outer periphery of the

subst rat e%h\éviflt@n}aﬁeoe%@e@%{relgkzﬁ?ﬁgé ot 1'11%1%99 kb ir%é?ltiE %o Fach other in
confi guration shown 1n , the concave portions (six) of one
cycle are 10f ornmed .t her earound on the basis of cancave portion 4
formed i nthefEntER fegpn &Rﬁe PP%&“%%F&%P‘? Shike SP‘ES“iaEe ot OV e by this,
t he concave portions (for exanple, 12 or nore) of 2 cycles or nore
may be forespeftivhlaradinsbunthe dlestrgamenbyalug grocapnligd t the vijer apd kR £oils
concave portions may be adopted without being limted to six concave
portions i3u ankel gl the pd&EOQERJe device 16, Fwhbwenmble 6, & henfigupativatmascye

t he concave portions 4 in the dianeter direction is greater than the

di anet er gdopedmiviigl inedhterRBNRIwEAIRE VdE6h iabEM ofanshnktc fete a8 t he
range capabl e of mamintaining the strength of the holder 23. Moreover,

the t geh?ffe‘?’er?&‘r%n{ ?roliﬁ%gi | ik Qe@Af Re FONERAVRE g&ﬁﬁﬁe% rébioPHeht Q@osgate

targets 5 are fitte o0 each of the concave 20portions 4 fromth
bottom pogtion sides thereof in a freely attachabl e or detachabl e
manner. [ 0059] Furthernore, in the present enbodi nent,

accommodation holes 6 are forned that six . magnets 7 i tuated
around one concHVBISFEss thsnigngity %fifg%}nagﬂﬁfté‘r@qi 3 Hﬁt%{nar;rtggaﬂ%

connecting the centers of each concave portion 4 adjacent to each
ot her (sedirfgt@n ofyhe sputter particles is controlled, whereby the film can be formed in a

desired region.

15  <Second Embodiment>

[0054]

In the first embodiment mentioned above, a configuration was described which
includes a cathode unit with only one target (material) attached to one side of the holder,
but the present invention is not limited thereto.

20 Thus, in the present embodiment, a film forming apparatus will be described
which includes the cathode unit with a plurality of targets (materials) attached to one side
of the holder.

[0055]

As shown in FIGS. 7 to 9, the film forming apparatus 21 according to the

25  present embodiment performing the film forming method of the present invention is an



25 Each magnet 7 is designed so that the strong magnetic field of 500
gauss or nore is generated in the internal space 5a of the target 5
upon bei ng di sposed around each concave portion 4. [0060] 5By
configuring the filntforning appar at us2®21 as nentioned above, in a
case where the tar 5.1s sputtered, when the sputier particle

Seat t or edumRGHHY HE HPg e coatpaan thesurfssi of tpoopriEs Y e B a*?Ja%t,m?ﬁe
flying direction of the sputter Eartlcles is controlled by the
vertical pumgersed esifig dledpittamgmithadar gidie fBmtforming agparstvp 21 enclydeppileatsy
the sputter particles are approximtely vertically incident to and
attached the chinabsUh) dia @tledi\haein Alhte fvwhindgesofildeenattiidmesiahizhr Attee
W That is, as indicated by an arrowin FIG 7, according to the

shape of Dhepo\(@é’rtsbtﬁ@é o) thBgadn@barmgNabitantsel ce tﬁé’@hat!ts? 1ﬂe@%ﬁ§1ﬂ 12, and
generated fromthe sputter surface of the target 5 toward the

substr ltggte s%éon%rnt?a(g%% %ﬁérgtér%%g%ﬁdms}t{" flying direction is

contro SO as Ion o ‘the line Mof nmagnetic
force, whereby the dlrect|V|t hanced at the coating. |s

sel ectively foreddgionyin %6509@5%? PERAE ?Esgt%p%lgpﬂt %ﬁetega’ff%
is not selectively fon-ned in a predetermned region) as indicated by
an arrow fhe firstGmbpdieg Gagntioned above wdll maidnedersrbed. iHes, thefawe t he
filmformng apparatus 21 in the filmform ng process in the

product i otoraporiche as et ienenioddimetevillde, dendted by tessinelrefetance eahezbs, and
20i nprovenent in coverage ratio to the high aspect ratio mcro groove

or hol e. hp d&b&Giptibns Merdo®wll BE ofnfe:dfdnt MobBe dclibediavietafxt renel y hi gh
filmthickness unlfornlty in a position facing the openings of the

targets 5 whichrpege placed in plural, it is possible to formthe film
even in the hlg% 81pect rate mcro hole inaplurality of desired

rZS%(anS)I gn 1t he ”?HbSthoadte unit dl\f mgluagg Elt &S ta?ntrae( h&ﬁ%t 33\l \%Q\%& ¥rom a plane

which is manufactured of a material having conductivity. The holder 23 1s also able to
be manufactured of, for example, the same material as the target described later. On the
lower surface of the holder 23, a plurality of concave portions 4 of a circular shape when
15 viewed from a plane having the same opening area 1s formed. In the present
embodiment, as shown in FIG. 9, firstly, one concave portion 4 is formed so as to be
concentric with the center Cp of the holder 23, and six concave portions 4 are formed
around this concave portion 4 on the same imaginary circumference Ve on the bases of
the concave portion 4 so as to be situated at equal intervals. That is, in the present
20  embodiment, one concave portion 4 formed in the center Cp of the holder 23, and six
concave portions 4 formed on the circumference setting the center Cp of the holder 23 as
the center of circle at equal intervals are shown as an example.
[0057]
In the present embodiment, a configuration was described in which six concave

25  portions 4 are formed therearound on the basis of the concave portion 4 formed on the



26 [0062] Firstly, as Exanple 1, in order to confirmthat the
directivity of the sputter particles can be enhanced by adjusting the
process pressure while generating the magnetic field so that the

vertical line of magnetic force |ocall% passes fromthe sputter
S5surface of the target toward the surface to be filmft),ied of he
subst r at ece{er &lae%fé{l%hwﬁﬁe Ut SHE GANFAYSSPOTHIRS LInaY Be Drped dagrasoynd qndae

chanber is changed to 0.12 Pa, 0.3 Pa, 0.6 Pa, 1.2 Pa, 1.6 Pa, 3.0
Pa, and 10esis Fzachnel theeodavepsisions fgn spaeginasy etpsvieriencerY eresnecigely.
used, thereby formng the Cu filmon the substrate W [0063] 10In the
present ehbaditieniimiagylhsuslibséf @head/postiomBidanaygbe fosmud edsida ofithiech,
after formng the silicon oxide filmover the whole surface of the S
waf er of ﬁ&lheﬁ@Qnmlalﬁ&ePdl%néﬁ RER tHelohQav@ipeftRnl @l @nddt B f&%ﬁkﬂp'.ﬁsﬁd the

width wis 45 run, and depth d i's 150 nm is patterned and formed in

the si : ' Cgoric ve]g 1'{1%0 dﬁgmgﬁd%&%gﬁ#oﬁéﬁngﬁe&%?%e \FH%J wgﬁﬁaceao%t}?mﬁ@er'ﬁ

FIl G hade o

t f 99% and $ 600 d.
Concave. paFTTgERa e BN AR DB i b w?ﬁ%en”ﬁheaw&ﬁeﬁpﬁth&f

50 mMmis formed in the center of the | ower surface of the hol der, and
the t ar geEonshve prstibof stwaterbin the AUEyosh deitionwh thedwldsr snthedirmeteralitegihen

material as the holder was fitted into the concave portion fromthe
bot t om pofstsitomed irdéle thelotthepariphesy «fithe svhginee Wi the daneeter direction.  In
circunferentially 20equi pped around the concave portion at equal

interval 5a%ﬂo@ﬁ@t&%ﬂﬁ?&aﬁ&@s@hﬂﬁ@%@|t1§e doRtaveRRdeR (Jdix) dbiMore Sle are
case, the nmagnet generates the magnetic field in the space of t

concayg p?c{r#eﬁ %e?%]ar d‘ih%ucfﬁe@@ ﬁ&éi& if thé k&h g% ﬁ(ﬂ'ﬁbﬁ A ﬂne@qg {19 Ry Cg of the

Mbr eover nit nanu acture this manner was attached

to the cejlj,n tion,.of e \va un1ch e
rombor o HBoRRak R et PE A e TP iensid P, 1S BRRS pr2
25except for the opening of the concave portjon. 27 [0064]
Fur t her nofF¥lesgy ntlfPfé nﬁymﬁ tppned thereatonag-t | Brddiiog Br sreerlgOeifighe
| ower surface of the holder and the substrate was set to 300 nm Ar
i s used asoidage pptivhemayas adaries withat beingdimifed tp sixenontayemhgicna igene
was set in the constant electric current control of 20 A the

cycle.

15 [0058]

Furthermore, the gap between the concave portions 4 in the diameter direction is
greater than the diameter of a cylindrical magnet described later, and is set in the range
capable of maintaining the strength of the holder 23.  Moreover, the targets 5 are
inserted into each concave portion 4, and the targets 5 are fitted to each of the concave

20  portions 4 from the bottom portion sides thereof in a freely attachable or detachable
Manner.

[0059]

Furthermore, in the present embodiment, accommodation holes 6 are formed so
that six magnets 7 are situated around one concave portion 4 at equal intervals and on a

25  line connecting the centers of each concave portion 4 adjacent to each other (see FIG. 9).



Ssputter tinme was set to 20 seconds, and the fil.mformation of the Cu
filmwas perforned. Moreover, a filmthickness at the center
position (0 mm) of the filmfornmed substrate Wand at the position
separated by 70 mm fromthe center postiion are neasured
respectively. The results are indicated in Ta 1. Furthernore, a
rel at i onshf¢h BeEnRb & desienpt %@@Ethﬁﬁgg%még%%%eﬁjeoﬁqqorﬁaf‘?ﬁ YRHIES | s
showmn in FIG 10. 10[0065] [Table 1] position (mm process pressure
(Pa) 0. 1gemBr@edinghdinZeraalapaetbakd tie ©ragd Opembeaing Gispesed around each

concave portion 4.
[0060]

5 By configuring the film forming apparatus 21 as mentioned above, in a case
where the target 5 is sputtered, when the sputter particles scattered from the target 5 have
the positive electric charge, the flying direction of the sputter particles is controlled by
the vertical magnetic field from the target 5 to the substrate W, whereby the sputter
particles are approximately vertically incident to and attached to the substrate W on the

10  whole surface of the substrate W. That is, as indicated by an arrow in FIG. 7, according
to the shape of the vertical line M of magnetic force that is locally generated from the
sputter surface of the target 5 toward the substrate W at predetermined intervals, the
flying direction is controlled so as to follow the direction of the line M of magnetic force,
whereby the directivity is enhanced so that the coating is selectively formed only in a

15  predetermined region (or the coating is not selectively formed in a predetermined region)
as indicated by an arrow in FIG. 7.

[0061]
As a consequence, when using the film forming apparatus 21 in the film forming
process in the production of the semiconductor device, it is possible to realize an

20  improvement in coverage ratio to the high aspect ratio micro groove or hole. InFIG 7,
by forming the film so as to have extremely high film thickness uniformity in a position
facing the openings of the targets 5 which are placed in plural, it is possible to form the
film even in the high aspect rate micro hole in a plurality of desired regions on the
substrate W with satisfactory coating property.

25  Example 1



57.0 rim79.7 nm95.1 rim110.7 nmno result 70 22.2 rim18.9 rim
15.211111 11.7 run 3.0 nu 2.3 nmno result [0066] Fromthe results
of Table 1 and FIG 10, it was confi H ed that when the process

10

15

20

25

26
[0062]

Firstly, as Example 1, in order to confirm that the directivity of the sputter
particles can be enhanced by adjusting the process pressure while generating the
magnetic field so that the vertical line of magnetic force locally passes from the sputter
surface of the target toward the surface to be film formed of the substrate at
predetermined intervals, the process pressure in the chamber is changed to 0.12 Pa, 0.3
Pa, 0.6 Pa, 1.2 Pa, 1.6 Pa, 3.0 Pa, and 10.0 Pa and the film forming apparatus shown in
FIG. 1 is used, thereby forming the Cu film on the substrate W.

[0063]

In the present embodiment, as the substrate W, a material is used in which, after
forming the silicon oxide film over the whole surface of the Si wafer of ¢ 300 mm, an
high aspect ratio micro hole (for example, width w is 45 nm, and depth d is 150 nm) is
patterned and formed in the silicon oxide film by the known method.

Furthermore, as shown in FIG. 2, as the cathode unit, a holder made of Cu
having a composition ratio of 99% and ¢ 600 mm was used. Furthermore, a concave
portion having an opening diameter of ¢ 40 mm and a depth of 50 mun is formed in the
center of the lower surface of the holder, and the target of the bottom portion cylinder
manufactured from the same material as the holder was fitted into the concave portion
from the bottom portion side. Furthermore, six magnet units are circumferentially
equipped around the concave portion at equal intervals and are used as the cathode unit
for Example 1. In this case, the magnet generates the magnetic field in the space of the
concave portion at the magnetic field intensity of 500 gauss. Moreover, the cathode unit
manufactured in this manner was attached to the ceiling portion of the vacuum chamber,
and then, the mask member was mounted and covered on the lower surface of the holder

except for the opening of the concave portion.



15pressure is equal to or greater than 0.3 Pa, the filmthickness at
the center position of the substrate is gradually increased, and the
filmcan selectively be fornmed only in a predeterm ned region.
Furthernore, it was confirnmed that, betiveen the process pressures of
1.2 Pa and 1.6 Pa, approximately, fromnear 1.5 Pa, the film

t hi ckness in t HEOpHsi ti on separated by 70 mmfromthe center position
of the substrate is reduced at once, 20and the directivity can be
enhanced so as Fhwothetmoehsgbe filre lfyrnfing porditeont, adrstdnge hetpicen Bredpwenragface
region. This is considered to be because, by setting the process

pressure pothd hbldBar@rthavieirateMeasRed th Q00 elirs CAuSIE geedvasl thagritbegaMds input
constant (saturation), the sputter 28 particles |lose the directivity

in the h%l%&wc:ﬁa@@r folfe & _w%rc, s®3h tHeoRSiad cfect RAUTRL: LRI 8 38, the

substrate by the magnetic field generated fromthe sputter surface of
the target toward the surface to be.filmforned tra

ne e rooutmt @ Bind e Reidh2b 36Enp, aP8 i foBRTRG g CF MR Gmea.
pressure in the 5chanber_to 0.3 Pa or nore, preferably, 1,5 Pa or
more, the direchotRoNgr s GhmBuckimandEe centeyRFiLion (Omim) s Filh fomed | n
t he enbodi ment nentioned above, when the gas pressure in the chanber
is (A O0.dubseale W Bid & te Pesitigmstpai@jedbye/ Oram frgra the ¢anfer ppsition e
conditions in the mcro hole are shown in FIGS. 11A to 11C as
schemat i cnehasat esdctiofial  VhenasulkQure aeljpectiiy @hhyie landuahdrinom, bhi ckness
Ta to the surface around the mcro hole and a filmthickness Thb to
the bott op¥nERE Bcfcch BR SFb&d:OpRALRe REEHETRS URiBRN S RRAGWH VEFIG. 10.

t hereby cal cul ating the bottom coverage (Th/ Ta). [0068]

a conggquence, ﬁﬁggkthe gas pressure is (A 0.12 Pa, a filmthickness
Tal to 15the surtace around the micro hole was 40 rim a film
thickness,&@%ﬁfo the bottom surface of the mcro hole was 24.3 nm
and the bb }coverage was 60.8% Furthernore, when the gas pressure

was (B) 0.6 Pa_a filmthickness Ta2 to the surface around the mcr

hol e was WUOPOREMMME) f | m t hi ckness Th2 PRoEHESHBIPYm surface of the |

m cro hol'lewas 359920 a0l the $Bttbm bove %fT6ma: g% g 4 140

addi ti on,| when®t he gaé&BP@ssﬁfgnﬁaSSQECTD 1796 | % ﬁPImWQﬁ%&wqéﬁh

Ta3 to t he—surfpace—=a “ygd t.q g-erp-—-hol s A0t —a T Hm-thickness
. 3 159 A7 [N 3oane [ 123

Tb3 to the bot(gn1sur ace of tﬁgmnwcronﬁo e was #2.4"nn| and t1q£$h

bottom

[0066]
From the results of Table 1 and FIG. 10, it was confirmed that when the process
15  pressure is equal to or greater than 0.3 Pa, the film thickness at the center position of the
substrate is gradually increased, and the film can selectively be formed only in a
predetermined region. Furthermore, it was confirmed that, between the process
pressures of 1.2 Pa and 1.6 Pa, approximately, from near 1.5 Pa, the film thickness in the
position separated by 70 mm from the center position of the substrate is reduced at once,
20  and the directivity can be enhanced so as not to selectively form the filmin a
predetermined region. This is considered to be because, by setting the process pressure

to 1.5 Pa or more, the hollow discharge voltage becomes constant (saturation), the sputter



coverage was 106 % [0069] From FIGS. 11A to0.11C and the
results as above, it can be confirned that, by 25raising the flow
rate of the gas in the chanber, that is, by raising the gas pressure
in the 29 chanber, the directivity ca# be enhanced, whereby the film
is selectively formed in. a predet erm ned regi on and the cqverage
ratio i s Papeleviede tlwrrteﬁf@ﬁtynarﬂ@e heljoghrpd e sputipr particles reinduerd Sy udd
that the sputter particles are obliquely scattered, whereby it is
possi bl e the sgbstratd by the dugeetidfecld germediad friomathel sputisr Etaffﬁ@s of thertanget toweard
portion other than the surface to 5be filmformed of the object to be

pr ocessedihsyeHacSo b€l Tbimat dfashsmetratpl ate. [ 0070] Next, in
the Exanple 1, the bottom coverage of the coating, the directivity of

the sputter pariigl&yapd Lrnh@rsro%e\a@artqeraﬁ%o&fmrhﬂgﬂe%éeer]gte@ruré wligs

wer e eval uat ed respectlve y, upon setting the tine he pressure

Our 00 ' L5 R0 B8 05 B b3 By DORR bR

equal to or greater than 0.3 Pa and equal to or less than 1.5 Pa to
zone (B), settil¥§%the time when the pressure during filmformtion is
equal to or greater 1.5 Pa and equal to or less than 10.0 to zone
(O, and setti niurtheeneient thihembedimept wewtinmed dbevenyyhen the gap preasure i the
equal to or greater than 10.0 Pa to zone (D) and upon form ng the
filmin eagmtzegA)TNE FLB) 0.6 Phpaidg O) ndi kg tiedilnnfofablien &nditivns in the
addition, the results in each evaluation nethod are indicated as

bel ow. micro ho)lNBOsHRG: RAEIESM CONETIATL; WASHARU@bsst Rc@dnal e&st han 50
% an NG sign was indicated, and when the bottonrcoverage was 50 %to

25,1 B e PHORARY B SRl

100% coverage was

| t h 100 i
Fur t her noRECGRoRD frfee @trﬂmrryfacsfofﬁwén@a%? 248 LT frereby

i ncreased by the directivity of the sputter particle, the NC sign was
i ndi cat edcalgating the bsyemeeygagmd bhigh, the B sign was indicated, when
the symmetry was about in the mddle, the F sign was indicated, and
when the synmet fOp68as hardly confirned, the G sign was indicated.
251 n addition, when the filmthickness ratio in the position
correspondi ng t @stRkensequence, when the gas pressure is (A) 0.12 Pa, a film thickness Tal to
15  the surface around the micro hole was 40 nm, a film thickness Th1 to the bottom surface
of the micro hole was 24.3 nm, and the bottom coverage was 60.8%. Furthermore,
when the gas pressure was (B) 0.6 Pa, a film thickness Ta2 to the surface around the
micro hole was 40 nm, a film thickness Tb2 to the bottom surface of the micro hole was
35.0 nm, and the bottom coverage was 87.9 %. In addition, when the gas pressure was
20 (C) 1.6 Pa, a film thickness Ta3 to the surface around the micro hole was 40 nm, a film
thickness Tbh3 to the bottom surface of the micro hole was 42.4 nm, and the bottom
coverage was 106 %.
[0069]
From FIGS. 11A to 11C and the results as above, it can be confirmed that, by

25  raising the flow rate of the gas in the chamber, that is, by raising the gas pressure in the



30 | ower part of the eroded portion and the | ower portion of the

non- eroded portion was equal to or less than 1, the convergence of
the sputter particles was indicated by the NG sign, when the film

t hi ckness ratio was about 1 to 2, the 2bnvergence was indi cated by
the B sign, and when the filmthickness ratio was about 2 to 5, the
conver genelmhss 1By diemcinte gamle mhangsd, wherabwwhsrilmye selestivebrparerbias
rati o was equal to or greater than 5, the convergence was indicated
by the G piedeternhi@edy klidnTealditee @jvemagocassispmpssede Potlenfide, fometh¢ Bysults,
zone (C) zone (D) <0.3 Pa 0.3 Pato 1.5 Pa 1.5 Pa to 10.0 Pa 10.0 Pa

<

10

15

20

25

it is understood that the sputter particles are obliquely scattered, whereby it is possible to
greatly reduce the attachment and the deposition to the portion other than the surface to
be film formed of the object to be processed such as the anti-attachment plate.

[0070]

Next, in the Example 1, the bottom coverage of the coating, the directivity of the
sputter particle, and the convergence of the sputter particles were evaluated respectively,
upon setting the time when the pressure during film formation is equal to or less than 0. 3
Pa to zone (A), setting the time when the pressure during film formation is equal to or
greater than 0.3 Pa and equal to or less than 1.5 Pa to zone (B), setting the time when the
pressure during ﬁlm formation is equal to or greater 1.5 Pa and equal to or less than 10.0
to zone (C), and setting the time when the pressure during film formation is equal to or
greater than 10.0 Pa to zone (D) and upon forming the film in each zone. The results
are indicated in Table 2.

In addition, the results in each evaluation method are indicated as below.

When the bottom coverage was equal to or less than 50 %, an NG sign was
indicated, and when the bottom coverage was 50 % to 80%, a B sign was indicated, when
the bottom coverage is 80 % to 100%, an F sign was indicated, and when the bottom
coverage was equal to or greater than 100 %, a G sign was indicated.

Furthermore, when the symmetry of the coverage was considerably increased by
the directivity of the sputter particle, the NG sign was indicated, when the symmetry was
high, the B sign was indicated, when the symmetry was about in the middle, the F sign
was indicated, and when the symmetry was hardly confirmed, the G sign was indicated.

In addition, when the film thickness ratio in the position corresponding to the



bottom coverage B F GB to NC directivity of sputter particle BF GF
to NC convergence of sputter particle BBto F GB to NC 10[0072]

30

lower part of the eroded portion and the lower portion of the non-eroded portion was
equal to or less than 1, the convergence of the sputter particles was indicated by the NG
sign, when the film thickness ratio was about 1 to 2, the convergence was indicated by
the B sign, and when the film thickness ratio was about 2 to 5, the convergence was

5  indicated by F sign, and when the film thickness ratio was equal to or greater than 5, the

convergence was indicated by the G sign.

[0071]
[Table 2]

Process pressure zone (A) zone (B) zone (C) zone (D)
<0.3Pa 03Patol.5Pa | 1.5Pato10.0Pa 100Pa<
bottom coverage B F G B to NG
directivity of sputter B F G Fto NG

particle
convergence of B BtoF G Bto NG

sputter particle
10 [0072]

By the results indicted in Table 2, by controlling the gas pressure in the range
from 0.3 Pa to 10.0 Pa, it can be confirmed that any of each item of the bottom coverage,
the directivity of the sputter particle, and the convergence of the sputter particles was
desirably evaluated.

15 Thus, it is understood that the sputter particles can be induced onto the surface to
be film formed of the substrate, and can be deposited and the film can be deposited while
controlling the flying direction of the generated sputter particles, by introducing the
sputter gas into the chamber while generating the magnetic field so that the vertical line
of magnetic field locally passes from the sputter surface of the target toward the surface

20  to be film formed of the substrate at predetermined intervals, and controlling the gas
pressure in the chamber in the range of 0.3 Pa to 10.0 Pa, preferably, in the range of 1.5

Pato 10.0 Pa to sputter the target.



By the results indicted in Table 2, by controlling the gas pressute
in the range fromO0.3 Pa to 10.0 Pa, it can be confirned that any of
each itemof the bottom coverage, the directivity of the sputter
particle, and the convergence of the sputter particles was desirably
eval uated, 15Thus, it is understood that the sputter particles can be
i nduced oRt®MPI§€ surface to be filmformed of the substrate, and can
be deposited and the filmcan be deposited while controlling the
flying directio®0d3] the generated sputter particles, by introducing
the sputter gas into the chanber while generating the magnetic field
so that the verNegain driiét@o ebnfiragmet the fiivirg] drecieadd tie paaeeparticlescarhiee
sputter surface of the target toward the surface 20to be filmforned

of the SUE’aﬁ{o@g@gﬁfa@@ ﬁ%eﬁrﬁbﬂgﬁsi ofme%y%%ﬁc ﬁ@;@duwme%in'emntfeenaﬁﬁ

§
pressure Int er e range of Pa to 1

pr ef er abl n_th Pa to 10 t

31 Exaﬁp édn?l %xamp% 1 %e N@x?ss et éf" ea %O ég}n%p m gahc’ f{OW Re 3e/é| 6n7 g
direction of the sputter particles n be c oII b ting the
i nt ensi t yS&M)@hwh rfﬁglrfeﬁeeabﬁq Epyt capeey Ol?tﬁfeeg X3pp ﬁ11f %ﬂfg{f gy tgckness
condition as Exanple 1, the process pressure was set to 1.6 Pa (the
gas flow phihe swessraen thopastioatin dik G ametepdiegcsipnias easutd wheuthg fia was
obtained in Exanple 1, and the filmthickness of the substrate in the

posi tion farmc evidieappéretingihe eeticonnaaeti otiakiuied tivhepottédverfacd of thasrget
formed while generating the vertical magnetic field fromthe sputter

surface of,dheiHeaugste ﬂb%lfﬁ ﬁ)ﬁﬁecﬁ@ﬂ’ tf1@§1ﬂas¥r9tet&ﬁd e H aPforibe
substrate and when the filmwas formed 10while not generating the

verti gal fmg &bt gﬁne glhemﬁ‘tgc%}/%%gnét{ﬁiefldl rﬂ/;s}yo%&nﬁem'tﬁﬁcr(h&yt' on

i ndi ca |ng he substrate’ position an

fl|ﬁ1tth s at .this tine sho in FLG e ctl 0074]
As. shown ARTREON P e BB B e SWFi‘i‘?&tl??p o 1

whil e 159enerat|ng the vertical magnetic field, the filmis IocaIIy
formed i nthacknessgattlp Himeds shown in FIG 12 respectively.

[0074]
As shown in FIG 12, it was confirmed that, when the film is formed while
15  generating the vertical magnetic field, the film is locally formed in a predetermined
radius region (approximately the same region as the eroded diameter of the target) from
the substrate center. However, it was confirmed that, when the vertical magnetic field is
not generated, the sputter particles are scattered and deposited on the region equal to or
greater than the eroded diameter in the target.
20 Thus, it is understood that the flying direction of the sputter particles can be
controlled by adjusting the intensity of the magnetic field.
[0075]
In addition, in the present embodiment, a case was described where the hollow
type target is used, but the present invention is not limited thereto. Thus, if the sputter

25  gasis introduced into the chamber, while generating the magnetic field such that the



radi us region (approximately the same region as the eroded di aneter
of the target) fromthe substrate center. However, it was confirnmed
that, when the vertical magnetic field,is not generated, the sputter
particles are scattered and deposited Oh the region equal to or

greater thaRclinfe®F Hﬂgﬁietfy f@fﬁ%tlé'tfall;ygaa§s@§frbﬁ‘1rtﬁggputt%9§_ﬁ}fh%e of theltdrget toward

understood that the f |ng di rect he sputter particles can be

PO ot 1 e RN TR b ed A RO Sbe b egg@@ngg LS bhheh in[Q018]

the hollow type target js used, but the i S
limted tRet®eges mIgeRTe inthe paan: E%%’P“Q%%{a t %fa.nﬁ? %Baluigﬁa t?\i‘g%’ﬁethe
chanber, while generating the nmagnetic field such that the 32
vertical biesentdfventigmerni alsof s preformedin the passsdasing dra plhe typeitargst.
surface of the target toward the surface to be filmfon-ned of the
obj ect5to be pr@oessed at predetermned intervals, and the gas
pressure in the chanber is controlled in the range fromO0.3 Pa to

10.0 Pa, the prgsaldcrib&y ik aRe ﬁﬁﬂ f@i'lﬁﬁg Hﬁetlﬁ%rafc@cfrﬁﬁl‘é th thel f185eRPBQerftfon
using the plane type target. 5[0 descri bed above, the

f|In1forn1nQ ﬂ%ﬁﬁ?&ﬂ ngﬂg&ﬂ%dto the pr esent |nvent|on\MII

schemati cal In the f|In1forn1ng nethod of

obj g e | or e S TP e dod e PR B s Beea e i e

each 10other in the chanber 2 having an internal space capable of
reduci ng prhsepseddbuplycctapbie pﬁ@ewﬁ@ﬁg@m@hﬁ itasged 5iase genescdreds udpe easht
the vertical line of nagnetic force locally passes fromthe sputter
surf ate obthchia thacigehber Aimrthgtahéntemiaf gree tapable dfiréducingrthepresdurd, laed the
obj ect to be processed at predeterm ned intervals. Next, the sputter

gas is i nif-@asteerkld i @nbRARdGRaET the VBRI cAlESn U TOSGMERC fdacetlbealmﬁmx@r
is controlled in the range fromO0.3 Pa to 10.0 Pa, 15and by appl yi ng

the negat igyg, ﬁil Eifther g@rlf;%)c%g)? teQatoBfiobAF PRk su tt{:] he ﬁ ‘?&%d'o?f the object to

generated I n t e space etween t'he target an ]ECt to

d, M ti,¢l d
B oceSeic M gt R o L PRSP g
f th
OO D Sl B AR L S FPRRLSE I B g

processed. 20As nentioned above, by adjusting the intensity of the
magnel$c &hdlby,apphyeng thy npgptive direct voltage to the target, and the plasma 1s generated in

the space between the target and the object to be processed. Moreover, the sputter
particles are induced to and deposited on the object to be processed while controlling the
flying direction of the sputter particles generated by sputtering the target, and the film is
formed on the surface of the object to be processed.

20 As mentioned above, by adjusting the intensity of the magnetic field, the flying
direction of the sputter particles can be controlled. In addition, in the central region and
the peripheral region of the object to be processed, the intervals between the vertical line

of magnetic force may be identical to each other and be different from each other.

25 INDUSTRIAL APPLICABILITY



direction of the sputter particles can be controlled. In addition, in
the central region and the peripheral region of the object to be
processed, the intervals between the vertical |ine of magnetic force
may be identical to each other and be different fromeach other. 33
[0077] T@@7§iln1forning apparatus and the filmform ng net hod
of the present 'nvéntion can mﬁdely be used in the filn1fornation to

he hi gh
For mi ng appar ai TS ARGTERG AR AR i Tt mRithhd Bhrebient |

invention is able to | rove, t he age ratio and extend the
mai nt enanB¥eRiRn @nyyidely depsedinglhs nh?fmaﬁ o 1t e ekt U TECHhEOPY St
[ 0078] 10W SUBSTRATE (OBJECT TO BE PROCESSED) |, 21 FILM FORM NG

APPARAT USoZhaBHANBER 8108 3theiGLIDERmIng apparatus anfl QORCAVERORTIcONd kg she
TARGET 5A DI SCHARGE SPACE 6 A ACCOMMODATI ON HOLE 7 MAGNET ( FI RST
MAGNETS C flekbdDirSeMNERAEIabIG tVEGHANE 81 coleRRPROREnRleABRd the maintenance cycle

of the film forming apparatus.

Reference Signs List

[0078]

10 W SUBSTRATE (OBJECT TO BE PROCESSED)
1, 21 FILM FORMING APPARATUS
2 CHAMBER
3,23 HOLDER
4 CONCAVE PORTION

15 5 TARGET
5A  DISCHARGE SPACE
6 A ACCOMMODATION HOLE
7 MAGNET (FIRST MAGNETIC FIELD GENERATING MECHANISM)
8 SUPPORT PLATE

20 9 DIRECT CURRENT POWER SOURCE (DC POWER SOURCE)
10 STAGE
11 GAS PIPE (GAS INTRODUCTION MECHANISM)
12 EXHAUST PUMP (EXHAUST MECHANISM)
13U  UPPER COIL (SECOND MAGNETIC FIELD GENERATING

25 MECHANISM)



209Dl RECT CURRENT POMER SOURCE (DC POMER SOURCE) 10STAGE 11GAS Pl PE
( GAS | NTRODUCTI ON MECHANI SM) 12 EXHAUST PUMP ( EXHAUST MECHANI SM)
13U UPPER CO L ( SECOND MAGNETI C FI ELD GENERATI NG 25 MECHANI SM) 34
13D LOAER OOl L ( SECOND MAGNETI C FI ELD GENERATI NG MECHANI SM) 14 YOKE
15 LEAD WRE 51@;?%8\7&@@%L tEenD 304 ENATYE FIELD GENERARDIG! M

form ng nethod of formng a coating on a surface of an object to be

processed .SdNg: bdisposing a target formng a base material of
t he coatikéﬂgﬁéNﬁﬂggobject to be processed in a chanber so as to face
each other, and generating a magnetic field through which a verti cal
line of magnetikt®for€@KFcally passes froma sputter surface of the
target toward a surface to be filmfomed of the object to be
processed at prEdet ekliARedRIAt er val s;

5 16 POWER SOURCE DEVICE



10generating plasma in a space between the target and the object to
be processed by introducing a sputter gas into the chanber,
controlling a gas pressure in the cha r to arange of 0.3 Pato
10.0 Pa, and applying a negative DC voltage to the target; and

i nduci ng and depositing sputter partgchpgson the object to be
processed and formng the coating, while controlling flying
directions of the sputter particles generated 15by sputtering the

target. 2. The filmform ng nmethod according to Claim1l
wherein the flyjng, directi.ons of t sputter particles are cqgntrol] ed
by ad ust i ng | wera iy e PR oo eire b rnu e o S fefb G gt iy b,
form ng nethod according to Caim1l or 2, wherein the

i nt er val spigeesieeermpiesingsrtical |ines of magnetic force are identica
in a central region and a peripheral region of the object to be
processed. 36 disposing athmgeefonmitye base eravalat obtht wedimgtand theoljeat dd be

| ines of nagnetic force are different in a central region and a

peri pher abro8Qk@h Péhahiber &PiaBFadeRabiotBED 64S B&férating a magnetic fi8ld throupgh m
form ng apparatus that forns a coating on a surface of an object to

form otus that form a sur fa _
2 bave. bt O Rt Bmpenste fraf| ARG es POl 5B ShAAR PRt

di sposed so as to .face,each .ot her .and which has an terpal space to
house t he 4T GAEIS © he CHB fUEecos oy fobe Bgoret e tianst
mechani sm t hat deconpresses an inner portion of the chanber; 10a
first nagﬁé@?@sﬁield generating nechani smthat generates a nmagnetic

field in a front space when viewed froma sputter surface of the
t ar get( generating plasma in a space between the target and the object to be processed

by introducing a sputter gas into the chamber, controlling a gas pressure in the chamber

to a range of 0.3 Pa to 10.0 Pa, and applying a negative DC voltage to the target; and
inducing and depositing sputter particles on the object to be processed and

forming the coating, while controlling flying directions of the sputter particles generated

15 by sputtering the target.

2. The film forming method according to Claim 1,
wherein the flying directions of the sputter particles are controlled by adjusting
intensity of the magnetic field.
20
3. The film forming method according to Claim 1 or 2,
wherein the intervals between the vertical lines of magnetic force are identical in

a central region and a peripheral region of the object to be processed.

25 4, The film forming method according to Claim 1 or 2,



a gas introduci ng nmechanismthat includes a function of adjusting a
flowrate of a sputter gas to be introduced into the chanber; a DC

power source that applies a negative Dtgvoltage to the target; and

15a second nagnetic field generating nechanismthat generates a

magnetic field wheeighe iiéredls Betwetd thealertidanBnsfof mmgnetd ordecire different in
| ocal |y passes fromthe sputter surface of the target toward a

surface tgcggmﬁ ;ggqggﬁ{drsae&%heﬂa Rl ele dfedd® B pOESSEH at

predeterm n | nterv 6. The filmformng apparatus according to
Caimb5, further conprising: a holder in which one or nore concave
portions are provided at one surface thereof, wherein the
target fornms a cylindrical shape having a bottom and js unted o

d on
the concave por i of b PG apaEatus HahICE 8 CORMESEY 1 $BRCE PHAN QJHcH e be
target, and 25the first magnetic field generating nechanismis
assenb} edprogesshd choipdsingso as to 37 generate the magnetic field in
an internal space of the target.

a chamber in which a target forming a base material of the coating and the object

to be processed are disposed so as to face each other and which has an internal space to
house the target and the object to be processed therein;
an exhaust mechanism that decompresses an inner portion of the chamber;
10 a first magnetic field generating mechanism that generates a magnetic fieldin a
front space when viewed from a sputter surface of the target;
a gas introducing mechanism that includes a function of adjusting a flow rate of
a sputter gas to be introduced into the chamber;
a DC power source that applies a negative DC voltage to the target; and
15 a second magnetic field generating mechanism that generates a magnetic field
through which a vertical line of magnetic force locally passes from the sputter surface of
the target toward a surface to be film formed of the object to be processed at

predetermined intervals.

20 6. The film forming apparatus according to Claim 5, further comprising:
a holder in which one or more concave portions are provided at one surface
thereof,
wherein the target forms a cylindrical shape having a bottom, and is mounted on
the concave portion of the holder from a bottom portion side of the target, and

25 the first magnetic field generating mechanism is assembled to the holder so as to



37

generate the magnetic field in an internal space of the target.



