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Technical Field The present invention relates to sputtering 5 apparatus
used in fabrication of sem conductor devices and the |iKke. Ba&ﬁ%rgggggArt

a farget

The sputteriﬂmmmmmmmmmwmlis such apparatus that the surface o
being a cath ded 10 with positive ions of a process gas,
norimal |y argon i esw2«i n plasma and that target atons sputtered therefrom

are deposited on a substrate on the anode side, for exanple, on a
sem conductor wafer to forma filmthereon., 15 Such sputtering apparatus
commonl y enpl oys the so-called nagne??%ﬂR%%T% in order to increase

sputter - efficiency by increasi th | asma nsity near the surface of
the target. This nethod uses a ﬁggﬁgﬁiﬁiﬁ %@P i&lly cal l ed a magnetron
systemto generate 20 a magnetic field parallel to the surface of the
target. Sincegﬁﬁthﬁﬁﬁhéiﬂgkfield intersects with the electric field
established between the target and the wafer, electrons fromthe target are
captured in the re@iﬁ?lﬂﬁﬁé%Qﬁa%ﬂﬁ??ﬁ%??ﬁr?}ﬁ;?%uiﬁn?p%B{%El?g i ncrease
the 25 _plasm densi%y of th t.rﬁﬁéon. Vgring Patterns avg beﬁn scal ed down
with récent A2PPRIGEUS) USEd ArnfRRpt oAt 1Rt (ST LATYREPT | AEEFESi on of
sem conductor deyvices .and it is becomng difficult to effect efficient
06 ol

deposition in s, via holes, etc. by sputtering. For exanple,
when depositi%% IS 5& @pleq?nted over a wafer surface with fine holes in

t he standard spé?%%%?ﬁ%—é%%aratus, there arises the problemthat overhangs
are formed at entra%ﬂgséahﬂﬂgiﬂﬂﬂ‘EbﬁHEgtus is such apparatus that

the surface of a target being a cathode is bombarded

10 with positive ions of a process gas, normally argon
ions, in plasma and that target atoms sputtered
therefrom are deposited on a substrate on the anode
side, for example, on a semiconductor wafer to form a
film thereon.

15 Such sputtering apparatus commonly employs the
so-called magnetron method in order to increase sputter
efficiency by increasing the plasma densiéy near the
surface of the target. This method uses a magnet
device generally called a magnetron system to generate

20 a magnetic field parallel to the surface of the target.
Since this magnetic field intersects with the electric
field established between the target and the wafer,
electrons from the target are captured in the region

near the surface of the target, so as to increase the

25 plasma density of that region.

Wiring patterns have been scaled down with recent
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degrade the bottom coverage. For this reason, new technol ogy has beenZ 9 NOV 201
+ deveéel oped heretofore, including 10 collimation sputtering, |ong throw
sputtering, and so on. The collination sputtering is a techni gyg g@_@bacing

a plate with many holes called a collinmator between the target and’the

sem conductor wafer and 15 letting the sputtered particles pass through the
hol es of the collinmator so as to provide the inherently nondirectional
sputtered particles with directivity, thereby mainly depositing only the
sputtered par vertical cqgggnent 0 he.senicogductor waf er .

t.icl f th t
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bof ore. 1t NESHATHENY HE st rer U Ta T o Bl FE JPayekPoREr ge angl oo
relative to the senicqnd ctor.mafer.reacq%tq$ 2§bregion oHt?ide tge
seni conduct or SHEFET-C o FHRGSTrSP tH: SHUtIEr P 1t t i K18 PHGPag St *near I y

per pendi cul ar TMWV 99-27 di.rectj ons .are deposited on the

seniconductord%ﬁ%ﬁi%é%éi%éésg%gi5?@@35%4iwmﬁﬁ Rﬂﬁﬁ 1 and | ong throw
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10 collimation sputtering, long throw sputtering, and so

on.

The collimation sputtering is a technique of
placing a plate with many holes called a collimator
between the target and the semiconductor wafer and

15 letting the sputtered particles pass through the holes
of the collimator so as to provide the inherently non-
directional sputtered particles with direétivity,
thereby mainly depositing only the sputtered particles
of the vertical component on the semiconductor wafer.

20 The long throw sputtering is a method in which
the distance between the target and the semiconductor
wafer is set considerably longer than that before. 1In
this method, the sputtered particles flying at large
angles relative to the semiconductor wafer reach the

25 region outside the semiconductor wafer, so that only

the sputtered particles flying in nearly perpendicular



15 the plasma, so as to affect tenperature control of the - substrate.Z 8M0V 2007
‘addi tion, since the sputtered particles have the strong strai ght traveling
property, side coverage can be inadequate in sone cases. Ont gﬂﬁr gand,
in the case of the long throw 20 sputtering, since there exist K
between the target and the sem conductor wafer, there is no need for such a
mai nt enance work as repl acenent of the collimator, but it has the problem
of extrenely poor deposition rates, because the distance between the 25
target and the_sem conductor wafer ;is long, In order to assure the verti cal
deposi tion of ¢ptRFeieEs3aFe-deposatpdopnaghs FRMLESISHGIOT MATEE - t he

di scharge voltage needs to be set a |OY/aS Qssible, so.as to avoid the
sputtered particles ?Q%n?%%Y?TﬁFﬁﬁeaj?ﬂ &é@aEﬁPQC§P8§t§EFPﬁgaﬂq N9 For
this reason, it was necessary to prepare a dedicated 5 mggnetron unit in
order to enabl%hg?%b$%uHF§EhgﬁggogbegrﬁndﬁppﬁﬁﬁﬁPQS§§F@4§§%ﬁ§ CARFR¥R s was

t he cause of need for.expensive aratus. Further, there was anot her
Galehg; p
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senicondyctor wafer. There was al g such a %enienc _th t eroi%%p occurred
greater in thd" % Te b%r?h%fs?ﬂg PLFPGeP3h114C 155t ATS %8?8&1t 5 obl em
t hat the whol e_,t ded to.b | it h |i.ttl i inth
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restrictions on e ‘arrangenen 0 net's. efore, there was the

probl em of in 1dd £ Yoo ACH £ 01 Ble8RALepUBL ERbH L beBiRRI 1n N

present inventio as been acconpl i1 shed under

10 deposition rate. If a film deposited on the collimator
is peeled off, it will be contamination on the
semiconductor wafer and be the cause of device failure.
Further, the collimation sputtering has another problem
that the collimator is heated to high temperatures by

15 the plasma, so as to affect temperature control of the
substrate. In addition, since the sputtered particles
have the strong straight traveling proper;y, side
coverage can be inadequate in some cases.

On the other hand, in the case of the long throw

20 sputtering, since there exists nothing between the
target and the semiconductor wafer, there is no need
for such a maintenance work as replacement of the
collimator, but it has the problem of extremely poor
deposition rates, because the distance between the

25 target and the semiconductor wafer is long. 1In order

to assure the vertical deposition of sputtered

O



such circunstances and an object of the invention is to 25 provide ZQNGVZ%Z
'sputtering apparatus that permts control of directions of deposit-formn
particles nmoving fromthe 4 2 9 ~aov 2002 TMN 99-27 targetn N&pp@r§7the
sem conductor wafer, so as to achieve inprovenent in uniformty o
deposition in the surface 'of the sem conductor wafer. Disclosure of the
Invention 5 In order to acconplish the above object, a sputtering apparatus
according to the present invention is a sputtering apparatus for depositing
roce

I d_i h whi
oy 028 "2 Pt 0 2 SEE L CoBLASE T B! 88538, ﬁaaé’%ﬁéme'gciaaf on a
concentric basis_in tqﬁ% QProcess chanber g i ng
sputtering y|hé31 SaPOF Le%%g%? |J§/% ?‘é‘?jg%tg eAEB%ngES BaF ?JF@Sﬁnt
sput ter i ng 15 5l Geare g vt S48 faleihiel ' dyPlaar §9§aﬁa.ff Vot
vol tages to tQ% re%&%ﬁ%ﬁﬁ? &Q%arge?égéggego ﬁygégpg ﬁfhgg f each

target can be Tade “unitorm & Cefitva par can be of
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characterlzed acenent of a 1eld rlng arge
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whi ch can enhanc conir arget an can 25

restrain the %'&e%wﬁaﬁ%fvetéﬁbéfgéﬁé.p%%HﬁHé%% there was another
problem that deposition rates were different between in
the central part and in the peripheral part of the
10 semiconductor wafer and thus uniformity of film
thickness was poor across the entire surface of the
semiconductor wafer.
There was also such a tendency that erosion
occurred greater in the outside part of the target and
15 this posed the problem that the whole target needed to
be replaced even with little erosion in the inside part
of the target. Arrangement of magnets in ‘the magnetron
unit was adjusted in order to uniformize the erosion,
but there were various restrictions on the arrangement
20 of magnets. Therefore, there was the problem of
incapability of achieving adequate uniformity of
erosion.
The present invention has been accomplished under
such circumstances and an object of the invention is to
25 provide sputtering apparatus that permits control of

directions of deposit-forming particles moving from the



* thereby enhancing the uniformity of deposition in the 5 C 2 9 NOV 2DBANOV 2007
'TMW 99- 27 surface of the sem conductor wafer. Wen the sputtering apparatus
of the present invention is provided with a magnetron devi ce, —27
sputtering yields can al so be adjusted by magnets of 5 the magnetron device
associated wth the respective targets. The above and ot her features and
advant ages of the present invention will becone apparent to those skilled
inthe art by the following detailed 10 description with reference to the

ehonbti o, or okt 4Bl vaRERE, Fi BERERERRuRE ok Bl b At oo Y

o agr am {6 sholETE BRERC st ABLECBH L He CEargBES Tl Tha s Sat ST
apparatus ill.ustrated i”-giﬁ-ul FigfeB is a schematic diagramto show an
electric mﬁrin%£s€%?eﬁ$Tﬁ ? % ?5?§e Fh °t he sputtering 20 appar at us

illustrated ianTg odur i éhés Vggggg%tic, cross-sectional viewto show
the second e ppar atus according to the present
inventign. Fig. 5 i j t g Kk a 25 the targets
in thefgputtering aé%gf%?%%fﬁg%ug?égﬁégagﬁ E?%_a&ﬁ@% 83358%’N§'d 2002 TMW

9927 Fi 9. O | Sy SEDAIR 4 5o 8088MuLBOSHONARCCLEE! EL e ABHISH | O

the targets in e sp g apparatus | strate is a

schematic, cr Of§'§e%ﬁ@@é’f%xl‘(%gg‘?%QrétﬁEo‘f’thﬁe?_:Bisri@iﬁgdeit'i‘fc'&tetof the

sputtering apparatus accordif the present fnventi Fig”~8is a
schematic, cragsesefdl Wl avéewstPatBop1hbedl eur kh pedbedismeRam®ert, he

sputteri ng appar at us
which comprises a plurality of targets placed opposite
10 the substrate and on a concentric basis in the process
chamber, and a means for adjusting sputtering yields of
the respective targets.
'According to the present invention, the target is
divided into a plurality of targets and the sputtering
15 yields are adjusted, for example, by applying different
voltages to the respective divisional targets, whereby
erosion of each target can be made uniform.
The target placed in the central part can be of
either a disk shape or a ring shape.
20 Further, the present invention is characterized
by placement of a shield ring between the targets.
This permits plasma to be confined in the space
surrounded by the shield ring, which can enhance
independence of control of each target and which can

25 restrain the directions of the target particles,

thereby enhancing the uniformity of deposition in the



according to the present invention. 10 Fig. 9 is a schematic d'agra”]t9£%NOV2M2

'show a nodification of the electric wiring systemto the targets. Fig.

is a schematic diagramto show another nodification of the el ey ige W7 ing
systemto the 15 targets. Best Mdde for Carrving out the Invention The
enbodi ments of the sputtering apparatus according to the present invention
w Il be described belowwith reference to the acconpanying draw ngs. 20
Fig. 1 is a schematic, cross-sectional view to show an enbodi nent of the

Sputtering apgﬁL@fé@ea@foEﬁgrgbﬁfbéﬁgu@£3§eggfbgvent|on In the figures,
t he sane reference synbol s denote ke or equivalent portions. 25 In Fig.

L the sputtering anpagatuse %ﬁéeﬂ%Qgﬂai“é%@sao?rf?ﬁésgrégéﬂ?er 14 for

carrying out a 7 ~l 9 ~~ 2002 T 27 sputtering process of a

substrate 12 syph.As; aﬁgé“rf}w@i@é&rw fheh ﬂégﬁ@‘érbhkﬁewébdethkn the upper

part of the process c 14, a plurality of targets 17 made a

material to be Mﬁﬁf pelash heagusissepe 8k %E@eé“@itﬁxﬁgﬁe% ge fixed

to an electric su ng support 15 throu a bac te 16. The
targetg 17 hawgd mﬁgné&w%éwfcéh@ggé@wtéaf&@ﬁﬁnfchéreabgaehl%her and
are placed on a concentric basis, as illustrated in Fig. 2. A pedesta
(hol di ng nean%hfggg§r hol di ng the substrate 12 is dlsposed |nS|de t he
process chanber 14. The upper surface of this pedestal 18 is placed in
paral l el and opposi tihd bR |pWerothef aEest ©f ed hend 258048t ddes TBE cat hode
and anode of do power supply 15 are connected to the targets 17 and to the
pedestal 18, raspgaids@ity,imsemeset ibell heeedtmalf spparéntt Borthase
pressure-reduci ng neans for evacuating the inside of the process chanber
14, i.e., a vakidmedinn 3he saxorinectieel foliteipgodessitaédnber 14, and a
gas supply 20 52 for introducing a process gas for generation of plasnmg,
nor mallly ar godegmyiptiian tvhidh nes Hererice heo ptlve easscenpabeingsdahwings.
connected to the process chanber 14. In this structure, the argon gas is

i ntroduced Brief Description of the Drawings

Fig. 1 is a schematic, cross-sectional view to
show the first embodiment of the sputtering apparatus
according to the present invention.

15 Fig. 2 is a diagram to show the back surfaces of
the targets in the sputtering apparatus illustrated in
RN Fig. 1.
o Fig. 3 is a schematic diagram to show an electric
wiring system to the targets in the sputtering
20 apparatus illustrated in Fig. 1.

Fig. 4 is a schematic, cross-sectional view to
show the second embodiment of the sputtering apparatus
according to the present invention.

Fig. 5 is a diagram to show the back surfaces of

25 the targets in the sputtering apparatus illustrated in

Fig. 4.



25 fromthe gas supply 52 into the process chanber 14 evacuated to a ,
'predet erm ned pressure by the vacuum 8 2 s ~~0OV Zoo? TMW 99- 27 pu@& @b’wm
and a voltage is placed between the targets 17 and the pedest§%m¢%9_ 7

wher eupon plasma is generated inside. Therefore, power supplies , \;2
descri bed hereinafter function as plasma form ng neans. At this 5 tine,
argon ions in the plasma hit the | ower surfaces of the targets 17 to

sputter atons of the target material and the target atons are deposited on

5:“ posed éﬁéﬁelﬁhtec’ff&:iﬁp 1 15 HhEh ol e?%ﬁf}ﬁ%ﬁ?ﬁiéi%ﬁ@ %gxisﬁ?ﬁ%fcf ne
d 4. . Thi ; [ 22
br ovi ded w 1 h G b BB ES P cEgRberf; 1A FRePPRRLER " e came au <

as the targets #%FgﬁiéE§f¢%§€fgtgérigl%igvpﬁ.nagnet units 24 15 are fixed,

and a drivingﬁf ionalTy drfving the base plate 26. A

rotational shaft 30531‘%} h7e fjéiﬁ’it%%%Qé{igfaféégggggﬁgi%aiOVPSWC%aXi al with

the axis of the tar 17 ~an SEp Psoconmedted to the

cent er PO Nt UndfiHASh ALE 0o f Toe T EASOBUBN oL U DISEARLALS 26, 15

rotated is that 1t can avoid the problens arisin re gnetic field

by the nagnetdeg&fafﬁgigbsﬁégi é@éhﬁoiﬁﬂgnﬁ Lgets 17. Fig. 3 is a

schematic diagramto ow t ring to the plurality of targets 17 pl aced

on a concentric 25 hays.g |1k Ff Gscriondt YOI L 2pSsSL00E 064D $RUGT BUPPI Y VI

is applied to the oUuférnost target 1/ and the do
show the fourth embodiment of the sputtering apparatus
according to the present invention.

10 Fig. 9 is a schematic diagram to show a
modification of the electric wiring system to the
targets.

Fig. 10 is a schematic diagram to show another
modification of the electric wiring system to the

15 targets.

Best Mode for Carxying out the Invention

The embodiments of the sputtering aﬁparatus
according to the present invention will be described
below with reference to the accompanying drawings.

20 Fig. 1 is a schematic, cross-sectional view to
show an embodiment of the sputtering apparatus
according to the present invention. In the figures,
the same reference symbols denote like or equivalent
portions.

25 In Fig. 1, the sputtering apparatus 10A is

provided with a process chamber 14 for carrying out a

c



2 9 NOV ?7Q0? TMW 99-27 power supply V2 is connected to each of the re?g’q9V7%Z
‘targets, i.e., to the mddle target and to the innernost target 17. The do
power supply V2 applies a negative voltage higher than the vo&h@gggga7the

do 5 power supply V1, to the mddle and inside targets. This changes
distribution of plasma density, so as to weaken the sputtering yield of the
outside target 17, thereby enabling erosion to occur uniform Even if there
occurs nonuniformerosion in the targets, the 10 separate ringlike targets

17 will be abgﬁukﬁfggﬁﬁggéﬁgﬁgsgegfrstgﬁgsF¥Q£gh1%aQU€§c5§age t he cost,

when conpar ed of "a Targe target heretfofore. It also

b f ible. i
ST S B TR AT, 2 S R L,
sdvantage o §a%e SASSHIISNL: E00ERly sl SPRL{STLNGE Y Fg%0p! L ube Lt
|5 3 Schermti g §Loss 3Gl bnAle VP 0, 200shon L be second enbodigent o

the sputterin acc ng to the present inven EF&? 4, the

tteki basi cal that of th
Sput L eing apea SPde TORHA L TArS | pEEry. o SR YedtEle TR her ot rom
in 25 that th te tyal f ot i I db
2" di okl ke tarBer ar i PRl 1o REE o R ERES Foi i ar get s
17 are pl acedarQURd 4 1CRA indli SKid&Sed BlO8 a3 dmeBors | AUBEEARRE 1N Fig.

5. TMN99-27 As illustrated in Fig. 6, do power supplies V1, V2, and V3 are

connected to then eaReCiHtHR Y Hfiftsrd p1acdd o Ng EondoNEFriSUBREYsY1 can
apply a m ni num negati ve voltage and the do power supply V3 a maxi num

negative volt ggei1ihistraded oMerride sputtering yield of the outernost
target 17, so as to make erosion uniform Since the disklike target 32 is

| ocated in 10 the canbedesgarll (hbldlirsg ewdxnk yrerd , faleposidimg € be

i npl enented of a sufficient anbunt of the target material. Further, even if
t here occurs sobstrhdemler ds chisprddit imside sthe hercopss atlkkambeayl ke
targets 17 will be able to be replaced separately. 15 Fig. 7 is a
schematic, cr&be- yppeirosarigaayabh Whichy pedestahothets apdreiededl of the
invention. In Fig._ 7, the sputtering apparatus 10C has the structure

basi cal |y si nPRARLLEL RAC @PR‘%?el*sspa't‘? eritiglAparsHES2 AR ¢F IHRerated in

Fig. 1, but is different therefro 0 in that cylindrical shield rings 40,
42 ar e’ provi dEBTBEERed -t hAhPrEPEECRRA SR AR IRLTo RS BRI ol SRERTY ho

m ddl e.,and outside targets. .The.el ectric system li,ed to eac arget 17
is sintlar tanﬁaFOBPeg%S%'§9 ?:iﬁﬁﬁ?%ﬁﬂ cFQ?ﬁ%% : %ﬁga%rggfded
the_plasna respectively, as described hereinafter. Further, a

o pressure-reducing means for evacuating thé inside of
the process chamber 14, i.e., a vacuum pump 50 is
connected to the process chamber 14, and a gas supply

20 52 for introducing a process gas for generation of
plasma, normally argon gas, into the inside of the
process chamber is also connected to the process
chamber 14.

In this structure, the argon gas is introduced

25 from the gas supply 52 into the process chamber 14

evacuated to a predetermined pressure by the vacuum



25 can be confined in the spaces surrounded by the shield rings 40, 4ggpmﬂ,mm
‘it thus becones feasible to perform11 <~ 2 9 fa0il 2002 TMWN 99- 27
accurate, independent adjustnent of the sputtering yields of @gﬁ gnggts.
Thus in-plane uniformty of deposition is enhanced. Since the shield rings
restrain horizontal flight of the target particles, the 5 vertical
conponent becones domnant in the directions of flight of the target
particles, which increases the bottom coverage. Fig. 8 is a schematic,

osearec et O (R SRR 08 SRR O

apparatus 10 invent 1 on. e Sputtering

appar at us 10Daﬂ Stkgpg%%%ﬂﬁ%ﬁéﬁégaj&&%kkééyIﬁ#éﬁmé(ﬁéiﬁéﬁe%a{gg'SDUttering

apparatus 10B7i Tl ustr eren romin that the

around the tatgBiie; ShEEQELPEY BPRUET ALBBALRL WY VS e BRRedL TThnl i e

imlarly. Th f ; I4S] ' [ 0, 42 d
The aavani age FLoNTERE S SRTE Ararsor B e dbils MO AL, [l s o 20

In thegab di - [ i bed
s o Tho. contEaY alraR of e 10b o) EAgS D e sy (et s IRERe RNt ot ea
i Fig. 3, t i ' t fi ti f
the do vol t a8 aphr: 6758 By Ve mictl iy 1 ISt Pt V' Fg e 10,

however, not edatBat a4 hando the tage % im0 H% %ﬂ%cise&éd) dpee 29
Pd0' J 2002 TMW 99-27 sputtering apparatus 10A, 10C by the wring

illustrated i Bubk8ra®ean®d thatrdrie adaniel traae e, be applied to the
sputtering apparatus 10B, 10D by the wiring illustrated in Fig. 10. All the

targets are kept ataSmhbBetatn dekddlel 2R ik Hiejosdd iarpwOriHgurations
illustrated in Fig. 9 and Fig. 10, but the apparatus can be constructed to
preveb® the nsuppotor aberasioadeaf tiochd nicategetes tared denmione dhechmi form ty of
deposition in the sem conductor wafer surface by giving sone

plasma generated in the process chamber 14. This

magnetron device 22 is provided with a disklike base

plate 26, which is arranged on the same axis as the

targets 17 and to which a plurality of magnet units 24
15 are fixed, and a driving unit 28 for rotationally

driving the base plate 26. A rotational shaft 30 of
- the driving unit 28 extends so as to be céaxial with
- the axis of the targets 17 and the base plate 26, and

is connected to the center point of the base plate 26.
20 The reason why the base plate 26 is rotated is that it

can avoid the problems arising where the magnetic field

by the magnet units 24 is stationary to the targets 17.

Fig. 3 is a schematic diagram to show the wiring
to the plurality of targets 17 placed on a concentric

25 basis. In Fig. 3, a voltage from the dc power supply

V, is applied to the outermost target 17 and the dc



10 consideration to the arrangement, magnetic force, etc. of the magidx B
+the'magnetron. The sputtering apparatus 10A, 10C were described as to the
configuration using three ringlike targets 17, but the presen&Mhng§Q550n is
not limted only to this 15 exanple but also permts use of two of “four or
nore ringlike targets. Further, the sputtering apparatus 10C, 10D were
described as to the configuration using the two shield rings 40, 42, but
the present invention is not limted only to this exanple but also permts

20 change in the nunber .of jargets_and.c e in.th nber qf shield rings
according to Pﬁgeﬁrggéggdﬁoﬁdﬁgi88§D§Ft5%€q%bﬁFF§rPﬁg% &%t'us as occasion

o1 Lot oconductPOBeER gare /i CHE SHRVEHE YINGR 1B cih WhSo be. appl i ed to
ot ori 5. | niPREEMEE, ATEY ol ngi s RpHOTEd SHEP o WnPBACE ot ¢ 16
"nvent§ on por EBECIReHAREARE AR D1o7b et ofF DI BacH (AIGEE S0 s Lo
or ovi B wi { REOHELpPUPHITL 261 CBolreEn P FEearPst S eEe e 16 the
puttering yi 8hg%of BRdE e AR 4 PIRAE de PN TR0 1908 <o

o ot o s RPRBSIE TS Sl ynoprsramdopptas Btraby g S 20

appar atus accepdi-gyt @nbitA iNE I Ys idl &Y | bl s AhveshRIe e N £
there occurs nonuniform erosion in the targets, the

10 separate ringlike targets 17 will be able to be
replaced separately, which can decrease the cost, when
compared with replacement of a large target heretofore.
It also becomes feasible to place the magnets or magnet
units 24 of the magnetron device 22 corresponding to

15 the respective targets 17, which presents the advantage
of easy independent control of sputtering yields of the
targets 17 by adjusting the arrangement aﬁd magnetic
force of the magnets.

Fig. 4 is a schematic, cross-sectional view to

20 show the second embodiment of the sputtering apparatus
according to the present invention. In Fig. 4, the
sputtering apparatus 10B has the structure basically
similar to that of the sputtering apparatus 10A
illustrated in Fig. 1, but is different therefrom in

25 that the target in the central part of the support 15

is replaced by a disklike target 32. Namely, the

10
Q



‘the fabrication of seniconductor devices and the |ike recently accel eradiffy 2002
. toward finer pattern and toward hi gher precision. 20 14 29 h ov 2002
CLAIMS 1. A sputtering apparatus conprising: a process chanber: a_hol ding
means for holding a substrate, which is located in said proceggwcﬂaﬁﬁgr; a
pressure reduci ng neans for reducing a pressure in said process chanber to
a predeterm ned pressure; a gas supplying neans for supplying a process gas
into said process chanber; a plurality of targets of a deposition nateri al
pl aced opposite the substrate held by said hol di ng_neans and placed on a
concentric badilfglilke dad9&fithel? A HBARCIDraERiEA Lty ERMR¥tering yield
of each of said targets; a plurality of cylindrical shield rings, each
cylindrical sﬁ@lk&l?qend'—at%i% R s pos Sl et tiesre At AcEkE - tAargets so as to
extend substantially perpendicularly fromsaid electrically jnsulating
support; a magnet r oASdéVilde i@ IEnFildel b bl RPWRH SYPRKERT t 1 of
targets and di sposed behind said electrically insulating support; and an
electrically VasubBdi Wy 3EMHpePRNaFrtpdsed bhearsFrecsiveatargessedd .chanber
opposite said_holding nmeans, said electrically insulating support bearing
said tdrgets or-a PrEcESsPENERHERPRLYeVof C3Ri BPPA¥URaRLA§™Mpport, wherein
a height of each of said _pluralit éﬁ cylindrical shjeld rings relative to
r

sai d el ectri cBFPFEANEUVRALSRE S § SYBPELRUBROM'S Rei T t he
remai ni ng plurali of cylindricgl .shield.,rings.relati tq _said

chectr ool [y PRIGHSTEN It - MhiTrans 3RHEd: the SRREESTISRaAH ng 1o
claim 1, whergin,zai 4 Largels allqne of, 34100 S0apsye % Jhie, goutteri ng
apparatus according to crarmT, rei’n 'a target placed i hnernostly is of a

di sk shape an ni&gk@a}wggsgﬁhge%gkﬂﬁg RULFe 352134 izl (eaf g.%t I's of a

ring shape. 15 _ he Sputtering apparatus according to

UL oenfhd, SRR AL BT, A0 A5 pBonet
implemented of a sufficient amount of the target
material. Further, even if there occurs nonuniform
erosion in the targets, the separate ringlike targets
17 will be able to be replaced separately.

15 Fig. 7 is a schematic, cross-sectional view to
show still another embodiment of the invention. In Figq.
7, the sputtering apparatus 10C has the st;ucture
basically similar to that of the sputtering apparatus
10A illustrated in Fig. 1, but is different therefrom

20 in that cylindrical shield rings 40, 42 are provided
between the inside and middle targets and between the
middle and outside targets. The electric system
applied to each target 17 is similar to that of Fig. 3.
When such shield rings 40, 42 are provided, the plasma

25 can be confined in the spaces surrounded by the shield

rings 40, 42 and it thus becomes feasible to perform

11
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5. The sputtering apparatus according to claim1, wherein said means 4bH0V 2002
. adjusting the sputtering yield is power supplies connected to said
respective targets. 6. The sputtering apparatus according to claim5

wherei n out put voltages fromsaid power supplies are differ erﬁM"Fr%grﬁje—élch
other. 7. The sputteri-ng apparatus according to claim11, further conprising
el ectroconducti ve back plates for supporting said respective targets,
wherein said neans for adjusting the sputtering yield is power supplies
connected to said respective back plates. 8 The sputtering apparatus
accordi ng to *FAH e, whedePanganpubdibrtagas Pio iSPUFSRETindippl i es are
different fromeach other. 9. The sputtering apparatus _according to claim
1, wherein a heehif of thedteygphari cBRUShiRTBLRARAGYNLEPERALY ©& sai d

electrically insulating support increases toward a center of said
concentric td?%&@%%tﬁﬁp is enhanced. Since the shield rings

AL& A35. ALy. As. AL. A AL. Al [F. Al 5F. AL. As. A" % A . ALhF% AA. A3#0: Jh* L~a=qz{ zupk
f a\ W ca] ca] cafest et apen} eaptal chlcahtaof ckpeafargptapaaltdslies cdika] cal ca

A A : ! 2
L&:i§§£ggi£fd?(%iéﬁﬁgfgéﬁgégﬁg}g%%egféafeﬁﬁgéﬁéaﬁgaFéé]@&ﬁﬁﬂ?ﬁﬂ%%]ca]ca]c

e ool oo ca]Ch] B dis (5 Care af SRTE5] EATEAPLRPeaBAFE increased tHe ool °F
aJca] ca]calcg]calcalcalcalca]ca]call, HUK>y3f/c|wmnmhc”Y]]ca] ca]ca]l cal]ca]ca]c
a] ca] ca] ca] 03%%%%%]%%%%’& 2%} ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cal c|

L# 1) 15191 gt (TR 8 bR AL BEhenma e « FERT AT ESTA8PRY) YAF¥alt€a] ca]l ca] ca

o) el saLeal e dleshaplonl eploalaane akcahealpal atanbeabpmhailen M
a] calgp] ca] cg%gcaa%m}rp@] €3 € Cﬁii@%ﬁ@] E@{;@ﬁk%l_ﬁﬂ %ﬂ]lf:;% e ?& catfeal c

ajcaJca]calc cal ca] cal x+y+++#,V,, ,, ---Q

a
0@AONOXOf 0g0QMI2} 145 shfa td 1 €4 t6bcRASalra] s8}gataabcahealeaahsal cal cal ca
] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 2;

2<2\ 23x5y5555hinbidr to that of the sputtering apparatus 10B

66G6H61 6~66b7c77788K8L8889} xsnid _Z]]]]ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]calc

a] ca] ca] ca] calldajsixjatadd arc af @] c4) cbat chycdiffécahtatbelkedroal ARO99: : ;
that the shield rings 40, 42 are provided around the

15 disklike target 32 and around the target 17. The
wiring illustrated in Fig. 6 can also be applied
similarly. The advantage from the provisiéh of such
shield rings 40, 42 and the advantage from the disklike
target are the same as described above.

20 In the above embodiments, the sputtering
apparatus 10A, 10C were described as to the
configuration of the dc voltage applied by the wiring
illustrated in Fig. 3, and the sputtering apparatus 10B,
10D as to the configuration of the dc voltage applied

25 by the wiring illustrated in Fig. 6. It is, however,

noted that the dc voltage may also be applied to the

12
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@10 ()| r SHOTA TS EPRonE! Eo) B R BT eSOy YO () aomL0%
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The sputtering apparatus 10A, 10C were described
as to the configuration using three ringlike targets 17,
but the present invention is not limited only to this
15 example but also permits use of two or four or more
ringlike targets. Further, the sputtering}apparatus
10C, 10D were described as to the configur%tion using
the two shield rings 40, 42, but the present invention
is not limited only to this example but also permits
20 change in the number of targets and change in the
number of shield rings according to the process
conditions of the sputtering apparatus as occasion may
demand.
Further, the above embodiments involve the
25 premise of electrcconductive targets, but the present

invention can also be applied to targets of
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The present invention also contributes to

increase in the bottom coverage by provision of the
shield rings between the divisional targets.

15 As described above, the sputtering apparatus
according to the present invention is advantageous in
the fabrication of semiconductor devices ;hd the like
recently accelerating toward finer pattern and toward
higher precision.

20
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1000nL0%&:’ () - #18%0ldng maME (9r- habing GO sLOgRAteG which is located in said

10968 () - GBLOY%&: - 5A A=BwBBBCdEbC

100010%&: (hPTO5ESS FIRTPPIF 100&’ () - f #10%& () - YL0%&' () - 10%&: () - CBCOCDEDz DDaBbC
1000/ 10%& () - Y-g pressure reducing means for reducing a pressure in said process

109%&’ () - 3+10%& ()-! 9%4.$10041& () -1 # 10%& ()-!:10% ()- DDDEMEyEEEEJE: / 10
10L=G chamber to a predetermined pressure;

10mL0%E () - GBS IR Re e BN Foirseties oesel procge ™
102 Ge GCGGHttrighBér:; 10nf #

109&' ()-!109& ()-10%& ()- y1lO0%&' ()- 10%& ()-Y10%&' ()-LHHHHI 111aB7/ 10
103:18()3/&- ()-n Q’:\ pIuraIit3(/)of ¥argets (o)f a doepos(lt?on materig? placed opposite the

substrate held by said holding means and placed on a concentric basis with

each other;

a means for adjusting a sputtering yield of each of said targets;

a plurality of cylindrical shield rings, each cylindrical shield ring being
disposed between adjacent targets so as to extend substantially
perpendicularly from said electrically insulating support;

a magnetron device placed entirely behind said plurality of targets and
disposed behind said electrically insulating support; and

an electrically insulating support disposed on a side of said process
chamber opposite said holding means, said electrically insulating support
bearing said targets on a process chamber side of said insulating support,

wherein a height of each of said plurality of cylindrical shield rings
relative to said electrically insulating support is different from a height of the
remaining plurality of cylindrical shield rings relative to said electrically
insulating support.

2. The sputtering apparatus according to claim 1, wherein said targets all
are of a ring shape.

3. The sputtering apparatus according to claim 1, wherein a target placed
innermostly is of a disk shape and at least one target placed outside said disk

target is of a ring shape.
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6. The sputtering apparatus according to claim 5, wherein output voltages
from said power supplies are different from each other.

7. The sputtering apparatus according to claim 1, further comprising
electroconductive back plates for supporting said respective targets, wherein
said means for adjusting the sputtering yield is power supplies connected to
said respective back plates.

8. The sputtering apparatus according to claim 7, wherein output voltages
from said power supplies are different from each other.

9. The sputtering apparatus according to claim 1, wherein a height of

said cylindrical shield rings relative to said electrically insulating support
increases toward a center of said concentric targets.
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