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.The present invention relates t0 @a magnetron
sputtering apparatus and, more particularly, to a
magnetron - sputtering apparatus capable of readily
retaining plasma in a stable manner even in case of a
large-scale magnetron or in case where target of a
ferromagnetic material is sputtered. The present invention
also relates to a magnetron sputtering apparatus in which
local er051on . of the -~ target is blocked, thereby
prolonglng llfe of the target, and in which a variation
in a sputtezjlng rate can be made to an extremely small
extent during operation. |
2. Description of Related Art

A conventional magnetron sputtering device wiJ_.l be
described with'_refere‘nce to FIG. 20, in which FIG. 20(a)
is a perspective view "show.ing such a magnetron sputtefing
device and FIG. 20(b) is a cross-sectional view showing

the magnetron sputtering device taken along lix;e PA-.P}3 of

FIG. 20(a).- As shown in FIG. 20, reference numeral 1
denotes target composed of a non-magnetic material or a
ferromagnetic material. On the back side of the target 1
are disposed ‘an  inner magnetic pole 2 and an outer
magnetic pole 3 disposed so as to enclose the inner magnet
2 and having polarity opposite to that of the inner
magnetic éole 2. To their bottom portions is connected a
magnetic yoke 4 composed usually of a magnetic material
such as steel or the like.

The sputtering device having the foregoing
cc’mfigu'ration' is accommodated in a vacuum container. When
the magnetron sputtering device is in use, the container

is filled with argon gas at low pressures and voltage is
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is . pefspectlve vi ew showi ng such a nmagnetron sputtering 20 device and
FI G’ 19(b) IS a cross-sectional view shew_ng the magnetron sputtering
device taken along line [err] of FIG 19(a). As shown in FIG 19,
reference nunmeral 1 denotes - target conposed of a non-magnetic nateri al
or a 25 ferromagnetic material. On the back side of the target 1 are

di sposed an &ppeliednagintden [hlee ta@rgend arah aouiwbatnegreet i(oofol €h@en),

di sposed so as englose t nner t aV| it
opposite ?Hg{x (8)% ?heg?LISF?ﬁGr tnr%aegne%'l czlpoorfl-rkckfl htr%el lo&o‘%[to%?s and
portions i s cogenere'dimg 30 eheghebns - yfkemd cbnposetlargelal I ysmffaceragrmtd C

ial such the like. Th d h
For egor ng cont POUPRTRENG | AR cOHRMA! APTh PR adiiim CORBREnGFO WiRHe the

S target substance to be generated and to form a thin film
on a surface of the substrate. The leakage magnetic field
formed by the two magnetic poles 2 and 3 can effectively
catch the electrons and promote ionization of argon gas,
thereby improving effectiveness of sputtering.

10 For conventional magnetrbn sputtering devices
having the configuration as  have been described
hereinabove, - it is considered that the electrons caught
around the surface of the target 1 are closed in the
magnetic' field formed in the shape of a semi-circular

15 dome as'ihdicated by arrows in FIG. 20(a) and move along
the dome~like magnetic field configuration. Thus,
occurrence of erosion on the surface of the target 1
depends ubon distribution of the magnetic field over the
upper surface of the target 1, in other words, upon the

20 distribution of the horizontal component and the vertical
component of the magnetic field.

FIG. ' 22 is a cross-sectional view showing a
typical .erosion pattern of the target 1 in the region

25 between PA - PB of FIG. 20(a) when a ferromagnetic material

such as iron . or cobalt, is used as the target. As is

understood f£from this drawing, erosion develops locally
and life of the target 1 is shortened considerably.

Several X solutions to this problem have  been

30 proposed. One of the solutlons is to provide a 1large

number .of grooves  on the tar_get 1l extending in its

longitudinal direction to thereby generate the horizontal

component of the magnetic field over a full surface of

the target 1 ("GT Target": Journal of Nippon Kinzoku

35 Gakkai, Vol. 1, No. 25, p. 562, 1986). This technique,
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t He rraé-netron sputtering device is in use, the container 35 is filled
W th argon gas at |ow pressures and voltage is 2 applied between the
target and a substrate (not shown), suchzas a disc, thereby ionizing the
argon gas and generating electrons fromthe target surface. The argon ions
bonmbard the target to cause the target substance to be generated and to
forma thin fhtweeoera smémtmf tHee aufb];aawatnetalgeThehaﬁg?ﬁbmf,i;htghd ‘;prrggd
by the two an effective catc e el ectrons an
p?/ormte i oni zg%lle% ﬁ ghﬁagl FEOVRY OFc Eheclorgeseds

of sputteringis laborlous

We have found that a site where erosion mainly

wm

develops corresponds well to the position where polarity
of the vertical component of the magnetic field varies
rather than the distribution of intensity of the
horizontal compdnent thereof, namely, to the position
where a value of the vertical component thereof is very
10 small. This is considered to be based on the fact that,
as shown in FIG. 20(a), the electrons are moving in a
cycle along the dome-like magnetic field over the surface
of the target 1 as well as, at the same time, that they
make a periodical movement in the direction in which the
15 vertical magnetic field is gradient and the number of the
electrons which ionize argon gas increases at the portion
where the vertical component of the magnetic field
becomes small. When a ferromagnetic material is wused as
the target, if  erosion of the target 1l occurs, the
20 leakage magnetic field becomes larger as shown in FIG. 22
and the. gi‘adient of the vertical magnetic field becomes
larger at the location where erosion occurs, so that the
intensity- of the horizontal magnetic field inCreases,
thereby further accelérating local erosion. If it is
25 difficult to ensure the intensity of the magnetic field
on the . target in the case of conventional large-scale
magnetron sputtering devices and sputtering devices using
ferromagnetic target, there are many occasions in which
an electromagnet is used for the inner and outer magnetic
30 poles. In those occasions, however, the electromagnet
presents the disadvantages that it 1is expensive in
operating costs and it generates heat in accompany with
application of electricity so that it cannot readily be

applied to any device.

35 For the above reasons, the permanent magnet is
is Sheet Has BiT|ieﬂliced



Fon conyentlonal magnetron sputtering devi ces having the configuration
de3cri bed herei nabove, it is considered that the el ectrons caught around
the surface of the target 1 are encl osed4by the magnetic field fornmed in

t he shape of a sem -circular done as indicated by arrows in Fig. 19(a) and
nove al ong the donme-like magnetic field configuration. Thus, occurrence of
erosi on on t h&lesirdez.e »$ tthe treecpred t il defpamngelnenanlgt rs';hlﬂaid@;n otet hehe
magnetic fiel over tEﬂ er surface of the tggget 1, othgr wor ds

the distribut hERE ,SRPEF MARRRTEG POARd thet Ry PRESF BOYRBHARL

of the magnet Ipb]fd ehd t\uatth t16 parigriet ilde fsukf aden®f ty harbanget thdheuterm
"vertical" is herei n used.to iefer to.a direction peggendlcul r to the

pl ane of the (RIEEIGNECLRe 1 eMAS hdPEzohERAeNEY atlPFectt ofSRE2ASSS €8
the plane &f tdungare@etwith that around the inner magnetic pole. Thus,

it 1is required that the magnetic flux density of the
outer magnetic pole 3 be made largef in order to keep
plasma on the target stable. It is to be noted herein
that the outer magnetic pole required for increasing the
10 magnetic flux density is a total outer periphery of the
magnetron in a semi-circular shape as shown in FIG. 20(a)
or it is a portion of the outer magnetic polé 3 for a
magnetron in a rectangular shape as shown in FIG. 21,
where the magnetic flux spreads .in a radial form from the
15 inner magnetic pole 2 to the outer magnetic pole 3. When
the sqft magnetic material or permanent magnet is used
between the inner and outer magnetic poles in order to
control the distribution of the magnetic field over the
target as'_with the present invention, this technology is
20 particularly significant because the intensity of the
magnetic field over the target is decreased. In either
case, it is required that the magnetic flux density over:
the inner- and outer magnetic poles be increased to a
sufficiently high level in order to retain the plasma on
25 the upper surface of the target in a stable manner. When
the target is of a ferromagnetic material, the technique
of sticking a magnet to an outer side surface of the
outer magnetic pole 3 becomes significant in order to
keep the high magnetic. field over the upper surface of
30 the target because the magnetic flux decreases over the
upper surface of the target. For magnetrons disclosed in
U.S. Patent Nos. 4,162,954 and 4,265,729, which are
proposed for improvement in the distribution of erosion
of the target, like the present invention, magnets are

35 disposed such that centralization of the magnetic £lux
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Firg. 21 is a cross-sectional view showing a typical erosion pattern of the
target 1 in the region between [err] of Fig. 19(a) when a ferronmagnetic
material such as iron or cobalt, is used as the target. As is understood
fromthis drawi ng, erosion develops locally and the |ife of the target 1 is
shortened considerably. Several solutions to this problem have been

pr oposed. merohn'dhetlse)l Uhnines maghet i Opode e ApFRevHHER] oh WABESLON

gomer ot 2% B A Sk e R er A Fpar19eg o posdoe
to the target surface over the target and the vertical
component of the magnetic field is not rendered large
5 around the inngr magnetic pole. Such magnetrons present
the drawbacks that plasma is 1likely to become unstable
and, when the target is of the ferromagnetic material,
the leakage magnetic field over the target surface
becomes so small that no pPlasma is caused at all to occur.
10
| SUMMARY OF THE INVENTION
Therefore, the present invention has been made
to overcome the foregoing disadvantages and drawbacks of
the conventional magnetron sputtering apparatuses and it
15 has the object to provide a magnetron sputtering apparatus
which can re‘tain plasma on the target in a stable manner,
which prevents local erosion of the target, and which can
prolong life of the target to a significant long extent.
The present invention has another cbject to
20 provide a magnetron sputtering apparatus which can
sputter the target at an extremely stable, sputtering rate
during operation particularly when the ferromagnetic
material is used as the target.
In order to achieve the foregoing objects, the
25 present invention consists of a magnetron sputtering
apparatus comprising an inner magnetic pole, an outer
magnetic pole having a polarity opposite to that of the
inner magnetic pole and arranged to surround the inner
magnetic pole, and a target dispoéed at least above the
30 i-nner magnetic pole and extending therefrom towards the
outer magnetic pole, characterized in that:
each of the magnetic poles comprises a permanent
magnet having magnetization predominantly in the vertical
direction or a soft magnetic material;

35 that a first permanent magnet having magnetization
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full suarface of the target 1 ("GT Target": Journal of N ppon Kinzoku
Gakkai, Vol. 1, No. 25, p. 562, 1986). This techni que, however, presents
the di sadvantage that formation of a | argg nunber of the |ongitudinal
grooves on the target 1 is |aborious. W have found that a site where
erosion mainly devel ops corresponds well to the position where the polarity

of the verticabreaspengnt19f the waeneticrfisithvardesedwtdier iBandiBgosea
di stribution of |nten5|té of the horizontal onent _thereof, nanely, to
I

conpg
the position WREEFWEERetDGI 1RNGF RRE QBEEFCRPIBGAPONBALEThePBBf is very

smal | . This is consigraed d Os&€oh@s ek wiardit f asgnbbathavdhgshpuEneRikb¥ion 9
~(a), the electrons are nopving in a 2%§}e al ong the done-like magnetic field
over the surfaP&8e8PMiRRNELY getn 1 &5 diefgCton qionARs itehe tO ndhenafingchion

peri odi cal BDVEFENtnkN hdghét 1AM ISH Ofn Or@dl erH;dst ! Beriankhtal nERARS! i £s

disposed on an outer side of the ocuter magnetic pole.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 and FIGS. 2(a), 2(b), 2{(c) are cross-sectional

10 views showing eséential portions of examples according
to the present invention.

FIGS. 3(a) and 3(b) are graphs showing distributions
of horizontal and vertical components of the magnetic
field over the target in a first example according to the

15 present invention, respectively, wherein the target is of
a ferromagnetic material. .

FIG. 4 is a cross-sectional view showing an erosion
pattern of the target Iin the first example according to
the present invention.

20 | FIGS. 5(a) and 5(b) are graphs showing distributions
of horizontal and vertical components of the magnetic
field over the target in a second example according to
the present invention, respectively, wherein the target
is of a ferromagnetic material. '

25 FIG. 6 is a cross-sectional view showing an erosioﬂ
pattern of the target in the second example according to
the present invention. _

FIGS. 7(a) and 7(b) are graphs showing distributions
of horizontal and vertical components of the magnetic

30 field over the target in a third example according to the
present invention, respectively, wherein the target is of
a non-magnetic material.

FIG. 8 is a cross-sectional view showing an erosion
pattern of the target in the third example according to

35 the present invention.
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fi'eld. . The nunber of electrons available to ionize argon gas atons

i nGreases where the vertical conponent of the magnetic field becones snall
Wien a ferromagnetic material is used asjthe target, if erosion of the
target 1 occurs, the | eakage magnetic field becones |arger as shown in Fig.
21 and the gradient of the vertical magnetic field becones |arger at the

| ocation where erosg@BsoCoyks. aﬁ& 9@9? bbe Q9£§H§'éﬁo@in&hélﬁgihégﬂﬁéhs
magnetic field increases, thereby f accelerating | 0ocal erosion fit

is difficult P8 eH?GFGOPﬁéllnP§ﬁ3|Y9r6+C§he regpenerts| ePd ohhehempgpgticin
the case of cenuelt LYB2 tharggrgecaly QHQBGHHne§&H£§.§rEESOQGYhﬁe%oaQHe

sputtering devices using ferromagnetic target, there are many occasions
in which an epééﬁﬁﬁﬁagﬂment@%edré@pecheveh:merwanctegm ertherngaeged pid esf

In those ogcagiggﬁbmaagg@ygrma£gglgi§ctronagnet presents the

FIG. 10 is a cross-sectional view showing an erosion
pattern of the target in the fourth example according to
the present invention.

FIGS. 11(a) and 11(b) are  graphs showing

10 distributions of horizontal and vertical components of
the magnetic field over the target in a fifth example
according to the present inventioﬁ, respectively, wherein
the target is of a non-magnetic material.

FIG. 12 is a cross-sectional view showing an erosion

15 pattern of the target in the fifth example according to
the present invention.

FIGS. 13 - 16 are cross-sectional views showing
essential portions in examples wherein a means for
controlling the distribution of magnetic field over the

20 target surface is of soft magnetic material.

FIGS. 17 - 18 are cross-sectional views showing
essential pbrtions in examples wherein a means for
controlling the distribution of magnetic field over the
target surface is a permanent magnet.

25 FI1G. 19 is a cross-sectional view showing an essential
portion in an example wherein a soft magnetic body
divided by slits is mounted between inner and outer
magnetic poles on the back side of the target for a
conventional magnetron.

30 FIGS. 20(a) and (b) are a perspective view showing
a conventional, round magnetron and a cross-sectional

view showing the magnetron taken along line PA - PB of FIG.

20(a).
35 FIG. 21 is a perspective view showing a conventional,
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di-sadvant ages that it is expensive in operating costs and the application
ofelectricity is acconmpani ed by the generation of heat, so that it cannot
readily be applied for any device. For_tRe_above reason, pernmanent magnets
are desired. As the 4 magnetic flux generally spreads over the target

fromthe inner magnetic pole to the outer magnetic pole, the magnetic fl ux

density aroungeth8nguli8r MBEAEELSnPOl e 3 tends to be decreased conpared
with that around the inner. magnetic pole. Thus, it is required that the

magnetic flux densiF§Cof 4helDupecTRgnSEctivnad v malieviaggd FyiPheakr
to keep plasngrg8ibfe gs¥tdn when a ferromagnetic target is sputtered
using a conventional magnetron.

5 FIGS. 23(a) and 23(b) are graphs showing distributions
of horizontal and vertical components of the magnetic
field over the target when a conventional magne.tron is
used, wherein the target is of ferromagnetic material. ‘

FI1G. 24 is a cross-sectional view showing an

10 erosion pattern when the _convent_ional magnetron 1is used,
wherein the target is of ferromagnetic material.

- FIGS. 25(a) and 25(b) are graphs showing distributions
of horizontal and vertical components of the magnetic
field over the target when a conventional magnetron is

15 used, wherein the target is of a non-magnetic material.

FI_G. 26 is a cross-sectional view showing an
erosion pattern when the conventional magnetron is used,

wherein the target is of a non-magnetic material.

20 DESCRIPTION OF THE PREFERRED EMBODIMENTS
The magnetron sputtering apparatus according to the
present invention contains the. inner magnetic pole, the
outer magnetic pole, and the target disposed over the
- inner and outer magnetic poles around the outer magnetic
25 pole, wherein the gradient of the component of the
leakage magnetic field from the inner and outer mégnetic
poles, which is vertical to the target over the upper
portion of the target, is decreased at a central portion
between the inner and outer magnetic poles and increased
30 around the magnetic poles. A means for distributing the
intensity of the horizontal component of the magnetic
field in an M-shaped manner between the inner and outer
magnetic poles is further disposed on the back side of
the target between the inner and outer magnetic poles.

35 This means may be composed of a plural sections of soft
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stable: It is to be noted that the outer nmagnetic pole required for

I nCreasing the nagnetic flux density conprises the total outer periphery of
the magnetron in a semnm -circul ar shape as9shown in Fig. 19 (a) or it is a
portion of the outer magnetic pole 3 for a magnetron in a rectangul ar shape
as shown in Fig. 20, where the magnetic flux spreads in a radial formfrom
the inner magneidte POt emdtb@ibhe GiHiath Nnageelsepapated3. froMeaache ctidr by
magnetic material_ or pernanent nagpet .is used between the . inner_ and outer

magneti ¢ pol esSPPor Yer SEBSEBRER0I PEKATE) sfri BFEEH o meRHbt i R fPRRHL

over the targepegheabihithe ¢resppt s1vesa)i ohi¢hi shdechiol @8¥ssSsectional
particularly significant because the intensi t¥ of the magnetic field over
the target is ¥ER%eddbdSuchn & (FAMN@GEsdNaY ther RTR2 ed § hdRTIF nBEneits

flux density oygiaide peWefomNhiilt e BRI EaaNIveSshg1hBe" agedit0 Gomes

sutficienly closer to its both end portions, and which is disposed

such that 1its both curved end portions are farther from

the target than its central portion. The means may also

be composed of a permanent magnet which has magnetization

10 predominantly in the horizontal direction and which is

lower in height at its middle portion and Dbecomes

gradually higher at its both end portions, in other

words, which is arranged such that 1its central portion

comes closer to the target and its end portions are

15 farther therefrom when it is disposed to the target. For

the plural sections of the soft magnetic material divided

by such a substance as having_a narrow width and a small

permeability or by the slits, the number of the sections

of the soft magnetic matérial and the width of the less

20 permeable substance or the slits are optimized in order

to optimize the distribution of the magnetic field over

the target sO as to correspond to magnetic
characteristics or the thickness of the target. '

| As shown in FIG. 2(a), the magnetron sputtering

25 apparatus according to the present invention comprises

an inner magnetic pole 12 composed of a soft magnetic

material such as steel; an outer magnetic pole 13

disposed so as to enclose the inner magnetic pole 12; a

permanent magnet 16 having magnetization predominantly in

30 the horizontal direction, disposed between the inner and

outer magnetic poles 12, 13; and a permanent magnet 17

having magnetization predominantly in the direction

opposite to that in the horizontal direction of the

permanent magnet 16, disposed on the outer side surface

35 of the outer magnetic pole 13, wherein the magnetic flux
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in order .to retain the plasma on the upper surface of the

st abl e manner. Wen the target 1is of a ferromagnetic

material, the technique of sticking a magnget-to an outer 'side surface of
the outer nmagnetic pole 3 becones significant in order to keep the high
magnetic field over the upper surface of the target because the nmagnetic

flux decreaseyueheity h.einpﬁabdgur a¢g iefi elnfta arﬁ@%gze FosrH@Ba et k8BS outeé
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disclosed in U S. Patent Nos. , 162, 954 and 4, 265,

9, which are propos
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present inventjfhe PEGNCLE P dhSPOSRE rCPnE Nae (GRMIAS G | ROt OF141€ 5
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retained_easily, thereby increasing a sputtering rate to a
significantly large extent as compared with a usual
magnetron.

As shown in FIG. 2(b), the outer magnetic pole 13
may be a soft magnetic material disposed so as to be
inclined towards the inside. In this case, it is

particularly required to use a permanent 17 having a high

'energy product, which is disposed outside the outer

magnetic pole 13, in order to allow the outer magnetic
pole 13 to produce a sufficiently great degree of
magnetic flux density. However, this structure provides
the advantage that a size of the magnetron can be
smaller. In this case, as shown in FIG. 2(c), if the
direction of magnetization of the permanent magnet 17 is
perpendicular to that  of the outer magnetic pole
13 disposed inside, this arrangement offers the effect of
increasing - the magnetic flux density of the outer
mégnetic pole 13. The permanent magnet 17 having such a
unique shape, which comes into contact with the outer
magnetic pole 13, can rgadily be assembled if a plastic
magnet made of rare earth metal and so on which is
injection~- or press-molded is 'used as the permanent
magnet.

Referring back to FIG. 1 which shows another
example o©f the maghetron sputtering apparatus according
to the present invention, the soft magnetic body 8A is
magnetized in the direction toward the outer magnetic
pole from the outer magnetic pole by means of the
magnetic field formed by the inner magnetic pole 2 and

the outer magnetic pole 3. The magnetization acts over
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| ar.ge around the inner magnetic pole. Such nagnetrons present t he
drawbacks that plasma is likely to becone unstable and, when the target is
of the ferromagnetic material, the |eakagg magnetic field over the target
surface becones so small that no plasma is caused at all to occur. US-A-4
265 729 discl oses a nagnetron sputtering apparatus conprising an inner

magnetic pol e h %%%e g ec é)é)l Qa\él -\ Sﬁltag_ht ysu%qpogl {‘lg’c po t of

t he inner nagne arranged 0 surroun he"i nner  nmagne
and a target diteposbdodutiecagaludove t hbei mmrl:margzmlt [ magnle&mdfmléndmﬁg

therefromtowhqas épgdg&t:@r orpgtrhee“&epglgal e%g 1E:hef1r£%.q{1e£n the middile
portion of"the both magnetic poles 12 and 13 are
5 decreased.

On the other hand, the influence o0f the soft
magnetic. body 8A upon the magnetic field is so small that
the gradient of the vertical magnetic field is increased

_ around the upper portion of the two magnetic poles 12 and

10 13. The slits disposed on the soft magnetic body 8A serve
as regulating the intensity of magnetization when the soft
magnetic body 8A is magnetized by means of the magnetic
field to be formed by the two magnetic poles. More
specifically, it is considered that the disposition of

15 the slits causes the magnetic flux to spring out in their
positions, and the magnetic field to be generated in the
opposite direction at the portions constituting the
sections, thereby regulating the intensity of magnetization
of the soft magnetic body. After all, an accurate control

20 of the distribution of the magnetic field over the upper
surface of the target can be implemented by appropriately
adjusting the width of the slits of the soft magnetic body
8A and controlling the intensity of magnetization at each
section of the soft magnetic body 8A.

25 ' In particular, when the ferromagnetic body is used
as the target, adjustment of the slit widths used as the
target, adjustment of the slif widths is important. For a
usual magnetron using the ferromagnetic material as the
target, when erosion develops on the target, the magnetic

30 flux is caused to spring out from the target itself as
shown in FIG. 22 so that the magnetic field is increased
at the site where erosion has developed while this
increased magnetic field decreases the magnetic field
produced by the two magnetic poles on its both sides.

35 Accordingly, the plasma is locallzed at the port:.on where
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poles conprising a pernmanent nmagnet havi ng nagnetization in a direction
perpendi cul ar to the plane of the target of a soft magnetic material, and
a first perhanent magnet having maghet2zation in a direction parallel
to the plane of the target is disposed between the inner and outer nagnetic
pol es. The invention is characterised in that a second per manent magnet

having magnetizat g, Paegoshpant bial o SLSRLT 90 QR &ed OotbEr dhnedtion
of the magnetiZatlon I Fst perna en magnet | sposed on an outer
si de of the olsath magnéesc padise. aThecanMEBWpererr@slﬁagn@nfpgneslput tweirtilg

SFobl o manner NAeE P, S8 a Wl CeBel PREGeE! el BEHIS JE % the
significantly ﬁnmamggrtetfm ofmd theer itadlr gelevedmapsihi dthecamagnetiery tfhie ltdar get
at a st abl%Spiurgézeéésne%rgﬁgégucc. 89 p2R raé\in%]ace of the target as well as
on the-'upper surface thereof. The soft magnetic body 8A
to be used for the present invention has the function of
preventing the magnetic field over the target from
increasing as a result from an increase in magnetization
10 of the soft magnetic body by means of the increased
magnetic field. In order to have the soft magnetic body
8A demonstrate its function well, it is required to
optimize magnetic characteristics of the soft magnetic
body - in other words, the number of the sections of the
15 soft magnetic body or the width of the slits disposed
thereon - in accordance with magnetic characteristics of
the target or the thickness of the target. As there are
gaps between the sections of the soft magnetic body 8a,
the gaps have the effect of adjusting the magnetic
20 characteristics of the soft magnetic body.

For the target composed of the non-magnetic
material, no influence ié given upon the distribution of
the magnetic field by development of erosion. An
appropriate adjustment of the widths of the slits permits

25 an accurate distribution of the magnetic £field over the
target. This adjustment is advantageous because its
adjustment is simple. It is to be noted herein that the
slits are not necessarily divided into thoroughly
separate ones and they may partially be connected to each

30 other. In both cases, there is no significant difference
of the effect. ’i‘he thickness, length and magnetic
characteristics of each section of the soft magnetic
body are not necessarily the same as each other and they
may vary as needed.

35 FIG. 19 shows an example in which the soft
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particularly when ferromagnetic material is used as the target. Preferred
enBodi nents of apparatus further conprise neans di sposed between the first
per mmnent magnet and the target and adapted: (a) to decrease, at a central
portion between the inner 6 and outéT‘ﬁ%ghetic pol es, a vertical (as

defined) conmponent of a Ieakage magnetic field generated by the I nner and

et ease t he CHATSRIA | PRTCORISAERE T REr cbRS at® o Hor (1ion AGES (e | he

magneti ¢ pol exoraetht(ionalo magusettdsm di stshiolmt i ion PIGI nR26nsi Iry brushease

hori zontal (as d6f|Q§d£e no ég1t aéﬁtﬁe inner and outer magnet poles 2

and 3 should generate a sufficiently large amount of

5 magnetic flux and, when the present invention is applied

to the magnetron of such a conventional type as described

hereinabove, the magnet is preferably composed of a rare

earth metal, such as SmCo, NdFeB or the 1like, or an
electromagnet. _

10 In the example as shown in FIG. 13, the soft
magnetic body 8B is smaller in cross-sectional area at
its both end portions so that the amount of the magnetic
flux is decreased at the both end portions. 1In the
example as shown in FIG. 14, the soft magnetic body 8C is

15 disposed so as to allow its both end portions to be
farther from the target surface so that the magnetic
field .varies continuously from the portion where the
gradient of the vertical magnetic field is small to the
portion where the gradient of the vertical magnetic field

20 is large, compared with the former case. This example has
the characteristic that periodical changes in the
sputtering. rate can Dbe small in particular when the
target is'of ferromagnetic material. In examples of FIGS.
15 and 16, magnetic bodies 8D and 8E are composed of

25 steel or the 1like, which is in a plate form. In the
example of FIG. 17, there is used a permanent magnet 8F
which has the magnetization predominantly in the
horizontal direction and is curved 1in such a concave
shape as its thickness is thinner at its central portion

30 and continuously thicker as the distance comes closer to
its side portions. The permanent magnet 8F is disposed so
as to allow its concave surféce to face the back surface
of the target. As shown in FIG. 18, a permanent magnet 8G
is disposed in substantially' the same manner as the

35 permanent magnet 8F as shown in FIG. 17, except for 1ts
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magnetic field between the magnetic poles to adopt an M shaped form having
peaks towards the magnetic poles and a trough therebetween. Mbst
preferably, said nmeans conprises a soft_-mpgnetic material divided into
plural discrete sections by a substance having a narrow width and a | ow
perneability, or by slits, the nunber of the sections of the soft nagnetic

material and t it h t J ow per LJLfYy st e t | | g
determned in %2’(?\(% angg&\?vi F’ﬁntc%e l%ag%%ﬁé%‘]&larfggperll sti ggagr Ith.hdz xt’cﬁl’istcl%ﬁﬂesss
of the target.ifnThe ngtbpwisk t hermsectlihdiss ekampd esoh@snagubstantagdiyalttend

L 9L o g SREBEETALL ra BRMADEE U LR B A SPLOT AR ke
as to correspappamatnexpmwet | cthéar actéonst iofs ocompensatihgesdhef tromgnetic
target. 5 field is small if the target is of ferromagnetic
material as described hereinabove; however, they can be
used in case of the target of non-magnetic material,
thereby enabling the setting of the distribution of the
magnetic field. Referring back to FIG. 16, the outer
10 magnet 13 is arranged so as to allow its outer periphery
to project over the outer circumference of the target 11.
This arrangement, however, can be applied when a magnet
17 disposed outside the outer magnetic pole 13 has a
sufficientlY' large energy product or when the magnet 17
15 has a sufficient thickness. In this case, the sputtering
region can be spread over. the outer periphery of the
target.
Referring now to FIG. 1, it 1is seen that the
magnetic body BA composed of steel or the like is mounted
20 on the back side of the target in a position between the
two magnetic poles. ' Its section has substantially the

same as that taken along line PA - PB in FIG. 20. As' shown

in FIG. 1, reference numerals 12 and 13 dénote inner and
25 outer magnetic poles, respectively, each consisting of
soft magnetic material. .A permanent magnet 16 having
horizontal magnetization J is mounted between the two
magnetic poles and a permanent magnet 17 having
magnetization J' opposite to the magnetization J is stuck
30 to the outer surface of the outer magnetic pole. It is to
be noted herein that the magnetization may be deviated to
some extent'from its horizontal direction as long as its
main component of the magnetization is substantially
hbrizontal and opposite to that of the other

35 magnetization as shown in FIG. 1. The inner and outer
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In other enbodi nents, the distributing neans is conposed of soft nagnetic
mat‘eri at having a cross-sectional area which is larger at its middle
portion and gets gradually smaller towardgsits end portions, or
alternatively is of curved shape, and is disposed such that its curved end
portions are further fromthe target than its central portion. In yet
further embodiples; ct hﬁoﬂsénsm%n%e §8mPAged W @ ePERMBASRA ﬂ@x\?\tzetma

has magnetization predomnantly in the horizontal direction and ich™s
l'ower in hei gmavamgt@agﬁz@l’aiéapwm o atdiepeverticat adifegtiony Riowever,

tO.WardS 'tS engdhePOEhEAIY prldadRer o PO RN aClpd i Ifdgnet varies so

that magnetic material such as steel is preferred in

[84]

order to provide an accurate distribution of the magnetic
field. In particular, when the outer magnetic pole 13
requires a uniformity of the magnetic flux density around
its outer periphery, use of soft magnetic material is
required. FIG. 1 shows the soft magnetic body 8A that is
10 disposed in the magnetic field and divided into four
sections by slits with a narrow width ranging usually
from approximately 0.01 mm to 3 mm, preferably from
approximately 0.10 mm to 0.5 mm. Thicknesses of the soft
.magnetic body 8A range usually from about 1 mm to 10 mm,
15 preferably from about 4 mm to 8 mm. The soft magnetic
body is fixed with a support plate 9 of non-magnetic
material. In the drawing, reference numeral 14 stands for
a base plate consisting of non-magnetic material and
reference numeral 15 for a backing plate to which the
20 target is stuck. In the first ekample of FIG. 1, there is
used a target of ferromagnetic material such as FeCo,
having diameter of 8 inches and thickness of 2.5 mm.
FI1GS.. 3(a) 'and_ 3(b) show patterns of distributions
of the respective horizontal and vertical magnetic fields
25 at 2 mm above the target surface prior to start of the
sputtering when the target of ferromagnetic material is
applied- to the apparatus according to the present
iﬁvention. FIG. 4 shows an erosion pattern of the target
after the sputtering. FIGS. 23(a) and 23(b) show the same
30 distribution patterns and FIG. 24 shows an erosion
pattermn in the same conditions, when the same target is
applied to the conventional magnetron as shown in FIG. 4.
As is appareht from FIGS. 23(a) and 23(b) and FIG. 24,
erosion occurs locally for the conventional magnetron and

35 it develops_ with accelerated velocity. Furthermore, it is
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such that Its central portion cones closer to the target and its end
portions are farther therefrom The invention is hereinafter described in
more detail by way of exanple only with_regerence to the acconpanying

drawi ngs, in which:- Fig. 1 and Figs. 2(a), 2(b), 2(c) are cross-sectional
vi ews showi ng portions of enbodi nents of apparatus according to the present

et o BguBt) S 2Uie o FeRLaRe UGN %1 bend! S DI NG Ol gy
the target in aatroserexaapl e e appaxostion acdawmln@st,o thberabgntlnapmly
oo R o 9Lk EafLn., EhE TS AE 4G f Oeihe “odeces. on tne
contrary, - for the magnetron sputtering apparatus
5 according to the present invention, erosion occurs in a
wide region and the soft magnetic body 8A compensates the
distribution of the magnetic field over the tafget as the
erosion develops, thereby making a periodical wvariation
in the sputtering rate extremely small. In the example of
10 FIGS. 3(a), 3(b) and 4, the gradient of the vertical
magnetic field around the outer magnetic pole is set to
approximately 350 Gauss/cm and the gradient thereof at a
central portion between the two magnetic poles is set to
approximately 20 Gauss/cm. Further, it is set that
15 polarity of the vertical magnetic field changes at a
portion where the gradient of the vertical magnetic field
is small - in this case, in a position extremely close to
the position ihdicating the minimum value of an M-shapegd
horizontal magnetic field. 1In the distribution of the
20 wvertical magnetic field as shown in FIG. 3(b), the
magnetic field is set to be the highest around the
outside of the inner magnetic pole and to be smaller at a
central portion of the inner magnetic pole. In this case,
as an upper portion of the inner magnetic pole is a
25 portion where no plasma generates, the distribution of
the magnetic field at this portion is outside the present
invention. In this example, the target life is prolonged
by larger than five times to approximately 55 kWh from
approximately 10 kWh in terms of input power, compared
30 with a conventional magnetron as shown in FIG. 20.

FIGS. 5(a), 5(b) and 6 represent the second example
indicating the distributions of the magnetic field and an
erosion pattern, respectively, wherein width of each slit
of the soft magnetic body 8A is narrowed so as to make the

35 gradient of the vertical magnetic field wvirtually null at
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of the*target in said first exanple of apparatus according to the

i nventi‘on; Figs. 5(a) and 5(b) are graphs showi ng the distributions of
horizontal and vertical conponents respegtjively of the magnetic field over
the target in a second exanpl e of apparatus according to the invention in
which the target is of a ferromagnetic material; Fig. 6 is a

cross-sectional yjlew.show an .er.osi er f e L n | .
second exanpl % of°4 J[‘)é?a%ﬁ;eq%%cotﬁll n od)%ﬁeti r?)vée)nttla%n; L%Egg&“}( a?'ggﬁﬁhi‘(:b)
are graphs shéiwehqd tHeswibest rtlheit magnedfichopokest dls asmbMer t Ioal ticiepoase; s

respectively Shet NS TS b6 {4 8419 %e ' 0° o Ailed Medrh Makd AP L
life is approximately 30 kWh. This is because the erosion
5 of the target develops with a slightly faster speed at a
portion- where a rise in the gradient of the vertical
magnetic field is rapid and the action of compensating
‘the magnetic field of the soft magnetic body 8A is not so
large at that portion. Furthermore, it is cénsidered to
10 be based on the fact that plasma is confined by a partial
loop of the magnetic flux from the target surface as
shown in FIG. 6. Therefore, particularly when the target
is of a ferromagnetic material, it is required that the
gradient of the vertical magnetic field is optimized in
15 accordance with magnetic characteristics of the target.
The results of an experiment wusing a ferromagnetic
material as the target, particularly having a 1large
permeability, have revealed that a better result can be
achieved when the gradient of the vertical magnetic field
20 is set to an appropriately small value <than when the
gradient of the vertical mégnetic field is set to zero.
It is noted that a very good result cannot be obtained
whén the location where polarity of the vertical magnetic
field is changed is set to the portion where the gradient
25 of the vertical magnetic field is large and that further,
when the location at which polarity of the vertical
magnetic field is changed is set to a position extremely
close to the position indicating the minimum value of the
M~shaped horizontal magnetic field, the 1longest target
30 life can be attained and a sputtering rate during
operation changes at the smallest rate.

In the third example as shown in FIGS. 7(a), 7(b)
and 8, there is used the target of a Ta non-magnetic
material having an 8-inch diameter and a 6-mm thickness.

35 FIGS. 7(a), 7(b) and 8 represent the distributions of the
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to theinvention, in which the target is of a non-magnetic material; Fig.
"8 i's a tross- sectlonal vi ew show ng an erosion pattern of the target in
said third exanple of apparatus according,§o_the invention; Figs. 9(a) and
9(b) are graphs showi ng the distri butlons of horizontal and verti cal
conponents respectively of the magnetic field over the target in a fourth

exanpl e of appgtAfisy Poéﬂhngretr‘htc*&q | ReREY Q0 fi@l&@' gl ti‘emﬁxa %%’be' Serd

a non-magnetic materi a IS a cross-sectional view show ng
erosi on pattertprget hé;“trafragj-‘éi pﬁlga'u kg okheh ekanpl @fHof 5§P]§5ﬁ&'tlt‘}§ a@éércﬁmg
to . erosion pattern of the target subsequent to sputtering,
respectively.
5 - FIGS. 25(a), 25(b) and 26 represent the respective

distributions of the horizontal and vertical magnetic
fields ét 2 mm above the target surface prior to the
start of sputtering and an erosion pattern of the target
subsequent to sputtering, respectively, using the same

10 target as in the third example £for the conventional
magnetron of FIG. 19. As is apparent from FIGS. 25(a),
25(b) and 26, erosion occurs locally on the target of
non—mégnetic' material when used with the conventional
magnetron, although not so large as with the target of

15 ferromagnetic material. In this case, a - utilization
efficiency of the target is approximately 25%.

In the example of FIG. 7, the soft magnetic body 8a
consists of three sections and it accounts for approzimately
50% of the distance between its two magnetic poles. As

20 shown in FIGS. 7(a) and 7(b), the gradient of the
vertical component of the magnetic field is set to zero
at a central port.ion between the two magnetic poles while
the gradient of the horizontal component of the magnetic
field is. set to a constant value. In this case, erosion

25 occurs to a larger extent at the central portion between
the magnetic poles although an erosion area spreads, as is
apparent in FIG. 8. In this example, the erosion pattern
is a loose U-shaped form and a utilization efficiency of
the target is 41%.

30 In the fourth example, the soft magnetic body 8A
consists of five sections and the'length of the magnetic
body 8A accounts for approximately 80% of the distance
between the two magnetic poles. An experiment has been
conducted using the target wherein the gradient of the

35 wvertical magnetic field is set to zero at a central
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~the invention; Figs. 11(a) and 11(b) are graphs show ng the distributions
of* horizontal and vertical conponents respectively of the magnetic field
over the target in a fifth exanpl e of -apparatus according to the invention,
in which the target is of a non- nmagnetic material; Fig. 12 is a
cross-sectional view show ng an erosion pattern of the target in said fifth
exanpl e of apuarieidls Beewedhngheo twe magaetien;pdliegs.arkB thé6 hard zontal

cross-sectional views shqQw ti f f d .enbodi t
appar at us hafIMPIRERS Ldr @g%{)?‘{ﬂgh%%aé)héer ﬁgte:fr‘guﬁ%ongg:‘ @ngsgliae%% Y

over the targeiefetié @eeen Saks nEedien bangFreeBposerh pf andf t9 (pnetprmovided

material; H dee}v?ef tlr§at§i rteheC rm%isi-m%%(:tvia' rlz%' c;/ . etv¥1$e %%%V}.Az%%tgar tcio(x)nrfasonoefnt

S at the central portion is set to approximately 50%. In
this case, as is apparent from FIG. 10, it has been found
that érosion develops in an extremely wide region and a
utilization efficiency of the target is 52%. It is noted
herein that erosion develops to a somewhat larger extent

10 at a portion close to the outer magnetic pole where the
gradient of the vertical magnetic field rapidly rises.

'~ Thus, in the fifth example, the distribution of the
magnetic field is set so as to allow the gradient of the
vertical magnetic field to gradually rise at that

15 portion. In this case, the width of the slit between two
outer sections of the soft magnetic body 8A as shown in
the fourth example is somewhat extended from 0.2 mm to
0.3 mm. The distributions of the magnetic field and an
erosion pattern in this case are shown in FIGS. 11(a) and

20 11(b) and FIG. 12, respectively. In this case, the
utilization efficiency further rises to 66%.

Although these experimental results cannot clearly
be explained theoretically, it is considered that, when
the plasma is confined within a dome-like magnetic field,

25 the magnetic field nearly parallel to the target surface
can be provided around a central portion between the two
magnetic poles yet the plasma is thrust toward the central
portion from the. both sides by a larger magnetic pressure
around the two magnetic poles due to a larger magnetic

30 flux density in the vicinity of the magnetic poles,
thereby making the electron concentration denser around
the central portion between the two magnetic poles. In
order to realize an extremely wide erosion region, thus
it is <considered that the magnetic flux density be

35 somewhat smaller around the central portion between the
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preferred enbodi ments of apparatus having means for controlling the
diétribBution of magnetic field over the target surface, said means bei ng
conposed of permanent magnetic material; ,figs. 19 (a) and (b) are,
respectively, a perspective vremrshomnng a conventional round nagnetron,
?nd ? crois sectkonal vremrshomnng t he sane magnetron taken along line

err] o i g.. 20 ctrve w sh

conventi onal F¥Et d%\@%?ﬁ lﬁag‘?fe]ter%n QS ¥1 P%nﬁltg i onzﬁCt\ﬁoenv? to

showi ng a typhaephrer @d edmpakekeentf ﬁtaﬁdtmbeaeati-arlrpmgmem c target is
sputtered using a Some experimental results have revealed that, in
instances where the gradient of the wvertical magnetic
5 field is set to nearly zero, there are many occasions
where an erosion distribution is changed to a nearly flat
state from the U-shaped state when the distribution of
intensity of the horizontal magnetic field is such that
the maximum value at the central portion between the two
10 magnetic poles ranges from approximately 20% to 75%.

It | is provided, however, that there has been seen
the tendency that plasma becomes unstable when the
minimum wvalue of the M-—shaped' hori_zontal magnetic field
is lowered to 70 Gauss or smaller. Therefore, it is

15 required that the minimum value for the horizontal
component of the magnetic field at the central portion
between the magnetic poles be 70 Gauss, preferably larger -
than 150 Gauss. As is apparent from the experimental
results as shown in FIGS. 9 and 10, a variation in

20 curvature of the magnetic field also is a significant
factor and it is preferred that changes in the gradient
of the magnetic field from a small state to a great
state are not sharp.

Furthermore, it is noted that 'the utilization

25 efficiency of the target cannot rise to a very high
extent merely by making the direction of the magnetic
field over the target parallel to the target surface, and
it is thus required that the distribution of the magnetic
field be optimized by observing an erosion distribution

30 of the target.

In adjusting the width ~of the slit between the
sections of the soft magnetic body as have been described
‘hereinabove, it presents the advantage that the slits are
disposed in somewhat larger width in advance and soft

35 steel or the 1like in a ribbon form is inserted into the



conventional magnetron; Figs. 22 (a) and 22(b) are graphs show ng the
di'stributions of horizontal and vertical conponents respectively of
the magnetic field over the target of a gcpn\_/entional magnetron, in which
the target is of ferromagnetic material; Figs. 23 is a cross-sectional

vi ew showi ng an erosion pattern fornmed in a conventional magnetron having a

target of ferropmgnetic material; Figs. 24 (a) .and 24 (b) are graphs
showi ng the df&tF?butPeTRUSE h%?’r%on h"d’r‘?ﬂ‘(evetdﬂec?al e Jﬁ'@'r‘ft‘ge that a

respectively pirgdenimpest i 6ff sekdioner dfhethar gelftofmagt@bVENbbayalgsa be
magnetron having a target of a non-magnetic material; and Fig. 25 is a
cross- sect i onBFERRESE shoditng &% ePdSPon BRafesned or kBati n an coRRRREPEIALE

magnet ron havihgsfahdé 08avihg? £08mall non-permeability, such as Cu, Al
5 or stainless steel, or a permanent magnet having no
magnetization yet a high coercive force may be inserted
into the slit without 'leaving the slit merely as a gap, in
order to permit ready positioning of the sections of the
soft magnetic body 8A. |
10 As have been described hereinabove, the magnetron
sputtering apparatus according to the present invention
is provided with the inner magnetic pole consisting of a
permanent magnet having magnetization in the vertical
direction or a soft magnetic material, an outer magnetic
15 pole consisting of a similar material and disposed so as
to enclose the inner magnetic pole, a permanent magnet
having magnetization predominantly in the horizontal
direction and disposed between the inner and outer
magnetic poles, and a magnet having magnetization
20 predominantly in a direction opposite to the horizontal
direction of the permanent magnet. Thus the apparatus
according to the preser;t invention has a sufficiently
large degree of +the magnetic flux around the outer
LT magnetic pole, thereby permitting plasma to be readily
.h 25 retained in case of a large-scale magnetron or in case
where the target is of a ferromagnetic material, and
thereby increasing the sputtering rate to a considerable
extent, as compared with a usual magnetron.
Furthermore, the magnetron sputtering apparatus
30 éccording to the present invention is provided on a back
side of the target between the inner and outer magnetic
poles with a means for decreasing a component of the
leakage magnetic field, vertical to the target, from the
inner and outer magnetic poles over a surface of the

35 target disposed on the inner magnetic pole and a magnetic



magnetic material. The magnetron sputtering apparatus shown in Fig. 2(a)
cohpri ses an inner magnetic pole 12 conposed of a soft magnetic materi al
such as steel; and outer nagnetic pole 13, | sposed so 10 as to encl ose
t he i nner nagnetlc pol e 12; a permanent nagnet 16 havi ng nagneti zati on
predom nantly in one hori zontal direction with respect of the target 11

- di sposed between the in er and outer n es 12, 1 and per nanent
magnet 17 havifif} gemaéﬁet St |v01rf:][ﬂ’e%mn°t‘afgn§;’ {?‘Fe RSl p&iﬁect? a

opposite to thkaintafall hepqetivre e twgaet &ﬁe.duanesedanﬂ t loe t@dtt ermaﬁ;rfalc
poles, vyet increasing the vertical component therecf at a
portion around the magnetic poles, and for making the.
5 distribution of intensity of the horizontal component of
the magnetic field in an M-shaped form between the
magnetic poles. The provision of such a means on the back
side of the target between the inner and outer magnetic
pocles serves as avoiding local erosion of the target and
10 prolonging the target 1l1life to a considerable extent. 1In
case of the target of ferromagetic material, a variation
in the sputtering rate can be minimized.

As a magnetic-field generating means as described
hereinabove is SO strong, a magnetron  sputtering
15 apparatus according to the present invention which
permits a ready retention of the plasma and has a wide
sputtering area can be provided by combining it with a
means using the soft magnetic material having effects on

the magnetic field over the upper target surface or with a

20 means using the permanent magnet.



surface of the outer magnetic pole 13, wherein the magnetic ftux density-is
hi gh around the outer nagnetic pole 13. As a result, in fhe&,c ﬁ?s.B%f lgela

| ar ge- scal e magnetron or in the case mhgre a ferromagneti ¢ded
for target 11, a strong magnetic field i s produced over tﬁlm # M "nd ,
|

the plasma is retained easily, thereby increasing the spu
signi ficantyMa@sigsoopatredpwrglh a usual magnetron. As shown in Fig. 2(b),
the outer nagnetic pole 13 may be a soft nagnetic material disposed so as
to be inclined towards the inside. In this case, it is particularly

required to use, a perEEEE + BYNeEph{tBRVNBY APHaHARRET Womp PP8IChg WRhCH
I s di sposed outside the outer nagnetic pole 13, in order to allow the outer

magnet i ¢ pol@nes tBagRrelice BOLQEfi 8PenPPesr cBRIRAYACt | BOLPUxha¥ADBL ya
However, st hi§) §EE ¥et UpBpBsP¥LdeEot Nhat of the inner magnetic pole
' and arranged to surround the .inner' magnetic pdle, and a
target disposed at 1least above the inner magnetic pole
and extending therefrom - towards the outer magnetic pole,
characterized in that: |
10 each of the magnetic poles comprises a permanent
magnet having magnetization predominantly in the vertical
direction or a soft magnetic material;
that a first permanent magnet having magnetization
predominantly in the horizontal direction is disposed
15 between the inner and outer magnetic poles; and
that a second permanenf magnet having magnetization
predominantly in a direction opposite to the direction
of the magnetization in the £first permanent magnet i§
disposed on an outer side of the outer magnetic pole.
20
2. A magnetron sputtering apparatus as claimed in
claim 1, wherein a means for decreasing a component of
a leakage -magnetic field, vertical to the target, £from
the inner and outer magnetic poles over a surface of the
25 target at a central portion between the inner and outer
magnetic poles, yet increasing the vertical component
therecf at a portion around the magnetic poles, and for
making the distribution of intensity of the porizontal
component of the magnetic field in an M-shaped form
30 between the magnetic poles is mounted on a back side of

the target between the inner and outer magnetic poles.
3. A magnetron sputtering apparatus as claimed in

claim 2, wherein the means mounted on the back side of

35 the target between the 'inner and outer magnetic poles
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advant age that the size of the nagnetron can be smaller. g e&'}ﬁsﬁéﬁﬂ
shown in Fig. 2(c), if the direction of magnetization of t

magnet 17 is perpendicular to that of the outer magnetlc mllamgm
therewi thin, the arrangenent gives the efféct of increasi

flux density of the outer magnetic pole 13. A pernmanent magnet 17 having

this unusual &shapeised r£adidst baagnetib! eflatbraapl agiveasadnehtHRASL erdl
of arare earth metal which can be injection- or press-nolded is used as

the per manentdhggfete a9y Bickat SHRgtance Wit "hofls RABERY, widkhl e

of a magnet rqh@pgtgxgﬁpgp@p,%@;p&}ac&or@ g doi¢hear esent invention, the
soft magnetic body 8 is nmagnetized in the direction toward the outer

magnetic pol e by me#R@reint hehemgnaaper of the sections of the soft
5 magnetic material or the width of the substance or the

slit is set in accordance with magnetic characteristics

or a thickness of the target.

4. A nmagnetron sputtering apparatus as claimed in
10 claim 2, wherein the means mounted on the back side of
the target between the inner and outer magnetic poles is
a soft magnetic material in which its sectional area is
larger | at its central portion and it gets gradually
smaller as it comes to the both end portions.
15 |
5. A magnetron sputtering apparatus as claimed in
claim 2, wherein the means mounted on the back side of
the target between the inner and outer magnetic poles is
.a soft magnetic material which is curved and disposed so
20 as to be farther from the target at its both end

portions.

6. A magnetron sputtering apéaratus as claimed in
claim 2, wherein the means mounted on the back side of

25 the target between the inner and outer magnetic poles is
a soft magnetic material in a plate form or in a stick
form, having a length which accounts for 20% to 80% of a

length of the inner and outer magnetic poles.

30 7. A magnetron spﬁttering apparatus as claimed in
claim 2, wherein the means mounted on the back side of
the target between the inner and outer magnetic poles is
a permanent magnet which has magnetization predominantly
in the horizontal direction and which is arrangéd so as

35 to be farther from the targét at its central portion and
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field formed by the inner magnetic pole 2 and the outer nagnetic pole 3.
Thé magneti zation acts over the upper surface of the target 11 in such a

manner that the absolute value of the horizontal magnetic field and the
gradi ent of the vertical magnetic field in the middle portion of both
magnetic poles 12 and 13 are decreased. On the other hand, the influence of
the soft magnebi chOOMyrfauaR, t R osRanettioC thel dtasgs® H®W litshaboithe end
gradient of the vertical magnetic field is increased around the upper
portion of thBOEFRSORBgnetic poles 12 and 13. The slits disposed on the soft
magneti c body 8 serve to regulate the intensity of magnetization when the
soft magnetic bogy 8 is magneti zed by neans of the

5

10

15

20

25

30

35

* c L N S *

A magnetron sputtering apparatus as claimed in
any one of claims 2, 3, 4, 5, 6 and 7, wherein the
distribution of intensity of the horizontal component of
the magnetic field in an M-shaped form is arranged such
that its minimum value at the central portion between the
magnetic poles ranges from 20% to 75% of its maximum

value. .

9. A magnetron sputtering apparatus as claimed in
any one of cléims 2, 3, 4, 5, 6, 7 and 8, wherein polarity
of the vertical component of the magnetic field is
changed in a range where the gradient of the vertical

component thereof is small.

10. A ﬁagnetron sputtering apparatus as claimed in
any one of claims 2, 3, 4, 5, 6, 7, 8 and 9, wherein
polarity of the vertical component of the magnetic field
is changed at a portion in the vicinity of a position
indicating the minimum value at an intermediate portion

of the horizontal compohent thereof in the M-shaped form.

11. A magnetron sputtering apparatus as claimed in
claim 10, wherein the portion in the vicinity of the
position indicating the minimum value ranges from the
position. indicating the minimum value to plus and minus

10% of a distance between the magnetic poles.

12. A nmagnetron sputtering apparatus as claimed in
claim 3, wherein the soft magnetic material in a ribbon
form is inserted into the slit to thereby adjusting width
of the slit.
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magnetic field generated by the two nmagnetic pol es. Mor e specifically,
it"'is considered that the disposition of the slits causes the magnetic fl ux
to spring out in their positions, and thg magnetic field to be generated in
the opposite direction at the portions constituting the sections, thereby
regulating the intensity of magnetization of the soft nmagnetic body. An
accurate contraB.of A henglyrsdtddnit i Puife ditfy NegHedrStiis el dsovelaiheauppar

surface of the target can _be inplenented b ppropti ately adjusting the
Wi dth of the3B @ik ofnslagms r’?'ag?l%t%c a&s‘éyaa 859na 2 orffiane g“e‘he%arg‘%t
intensity of jeBgFelriesdondyndit itamateeghion of the soft magnetic body 8. In
particul ar, when a ferromagnetic body is used as the target, adjustnent of

the slit widths is inportant. In a conventional magnetron using
ferromagngtic jgaterd al magfett8f sputtering apparatus comprising an

inner magnetic pole, an outer magnetic pole having a
polarity opposite to that of the inner magnetic pole and
arranged to surround the inner magnetic pole, and a
target disposed at least above the inner magnetic pole
10 and extending therefrom towards the outer magnetic pole,
characterized in that: '
a soft magnetic material | divided into plural
discreté sections by a substance having a narrow width
and a small permeability' or by a slit is mounted on a
15 back side of thé target between the inner and outer
magnetic poles so as to decrease the gradient of a
component ©of a leakage magnetic field, vertical to the
target, £from the inner and outer magnetic poles over a
surface of the target at a central portion between the
20 inner and outer magnetic poles yet to increase it at a
portion in the. vicinity of the magnetic poles and so as
to make the distiibution of intensity of a horizontal
component .0f the magnetic field in an M-shaped form
between the magnetic poles; and
25 that the number of the discrete sections of the soft
magnetic material and the width of the substance or the
'slit are set in accordance with magnetic characteristics

and a thickness of the target.

30 15. A magnetron sputtering apparatus as claimed in
claim 14, wherein polarity of the vertical component of
the magnetic field is changed in a range where the

gradient of the vertical component thereof is small.

35 16. A magnetron sputtering apparatus as claimed in
T " This Sheet Has Been Reﬂlaced
(LTI T



tar.get; when erosion devel ops on the target, the magnetic flux is caused to
spring out fromthe target itself as shown in Fig. 21 so that the nagnetic
field is increased at the site where erosion has devel oped, while this

i ncreased magnetic field decreases the nagnetic field produced by the two
magnetic poles on its both sides. Accordingly, the plasma is |ocalized at
the portion whtaémerlssi owhdeeehoppolanityo gf ashe ivedtbicsdd compooent ofi2
on its both sjgdes. .con nce, . er Qsi rocgeds w i eas] ng

vel ocity. gn Pﬁéﬁe?éggeﬁgggghsiﬁﬁinéﬁ%$88$heg?er?onﬁ%ﬁgkgg{na%%ri% €
devel ops, thevimjgneétycoffi e dpositihoneds@dcating the minimum value at an

intermediate portion of the horizontal component thereof

5 in the M-shaped form.
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under the back surface of the target as well as on the upper surface

t her eof". The soft magnetic body 8 used in preferred embodinents of

i nvention has the function of preventing the magnetic field over the target
fromincreasing as a result of an increase in magnetization of the soft
magneti c body by means of the increased magnetic field. In order to have

the soft magnetic body 8 serve Aéssrwtdpnr}yglI?Isdwgtﬁzg\ecessary to

optim ze the magnetic characteristics of the soft magnetic body - in other
wor ds, the number of the sections of the soft nagnetlc body or the w dth of

t he slits di sposed t hereon - éﬁ#?” ApATBORAL i C
characteristics of the targé?lor e ness of the target. As there

are gaps between the sections of the soft magnetic body 8, the gaps have
the effect of adjusting the nagnetic characteristics of the soft magnetic

body
A magnetron sputtering apparatus contains an inner

magnetic pole, an outer magnetic pole having a polarity
opposite to that of the inner magnetic pole and arranged
to surround the inner magnetic pole, and a target
disposed on at least above the inner magnetic pole and
extending therefrom towards the outer magnetic pole. Each
of the magnetic poles is of a soft magnetic material
divided into plural discrete sections by @a substance
having a narrow 'width and a small permeability or by a
slit is mounted on a back side o0of the target between the
inner and outer magnetic poles so as to decrease the
gradient of a vertical magnetic field at a central
portion between the inner and outer magnetic ‘poles yet to
increase it at a portion in the vicinity of the magnetic
poles and so as to make the distribution of intensity of
a horizontal component of the magnetic field in an
M-shaped form between the mégnetic poles. The number of
the sections of the soft magnetic material and the width
of the substance or the slit are set in accordance with

magnetic characteristics and a thickness of the target.

Sheet Has Been Reﬂlaced
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For targets conposed of non-magnetic raterials, no influence is given upon
t i distribution of the magnetic fielq- devel opnent of erosion. An
appropriate adjustnent of the widths o he slits permts an accurate
distribution of the magnetic field over the target. This adjustnent is
advant ageous because its adjustnment is sinple. It is to be noted that the
slits are not necessarily entirely separate, and they may partially be
connected to each other. In both cases, there is no significant difference
of the effect. The thickness, Iength and magnetic characteristics of each
section of the soft magnetic body are not necessarily the sane as each

ot her and they may vary as needed In the exanple as showmn in Fig. 13, the
soft magnetic body 8B is snaller n&tba ctl area at both end
portions so that the amount of the ti flux |s ‘decreased at both end
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di $posed so as to allow both end portio be 13 farther fromthe
target surface so that the magnetic fie vari es continuously fromthe
portion where the gradient of the vertical magnetic field is small to the
portion where the gradient of the vertical nagnetic field is |arge,
conpared with the fornmer case. This exanple has the characteristic that
peri odi cal changes in the sputtering rate can be small in particular when
the target is of ferromagnetic material. In the exanples shown in Figs. 15
and 16, magnetic bodi es 8D and 8E are conposed of steel or the

F1G.2(b)

portlons I n the exanples as shown in Fﬁ%ﬁ 14, the soft magnetic body 8Cis
I
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like, mhlch isin plate form In the exan of Fig. 17, there is used a
per'manent magnet 8F whi ch has nagnetlzggyg predom nantly in the horizontal

direction and is curved in such a concave shape as its thickness is thinner
at its central portion and continuously thicker as the distance cones
closer to its side portions. The permanent nagnet 8F is disposed so as to
allow its concave surface to face the back surface of the target. As shown
in Fig. 18, a permanent magnet 8Gis ngaﬁ f; ubstantlally t he sane

(a)

manner as the pernanent magnet 8F as s
14

except for its -
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concave face which is indented fromitg, side end portions in a stepw se
form *This exanple has substanti 7 the sane effect as the exanple as
shown in FIG 17. In these apparatuses, the action of conpensating

the magnetic 5 field is small if the target is of ferromagnetic
mat eri al as described herei nabove; however, they can be used in case of the
target of non-nagnetic nmaterial, thereby enabling the setting of the
distribution of the magnetic field. Referring back to FIG 16, the
outer 10 magnet 13 is arranged so as t aII{Egit uter periphery to
project over the outer circunference of the (Xo| 11. This arrangenent,
however, can be applied when a magnet 17 i sed outside the outer
magnetic pole 13 has a sufficiently Iargg(aﬁxrgy product or when the
magnet 17 '
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15 has’a sufficient thickness. In thisfﬁﬁﬁg, the sputtering region can be
spread ‘over the outer periphery of the tlarbet. Referring nowto FIG 1, it
is seen that the nagnetic body 8 conposed of steel or the like is nounted
20 on the back side of the target in a position between the two magnetic
poles. Its section has substantially the same as that taken along |ine
[err] in FIG 20. As shown in FIG 1, reference nunerals 12 and 13 denote
i nner and 25 outer magnetic poles, re c‘i | y,=pach consisting of soft
magneti-c material. A permanent magnetf 16} h®Wi ng fhori zontal nagnetization
J is nounted between the two nagnetiz Soles and a  permanent
@

magnet 17 having gagnetigation J° oppo to the magnetization J is-
st uck n
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30 tosthe outer surface of the outer gggpgtic pole. It is to be noted
herei "t hat the nagnetization nmay be ted to sone extent fromits

hori zontal direction as long as its main conmponent of the magnetization is
substantially horizontal and opposite to t hat of t he ot her 35
magnetization as shown in FIG 1. The inner and outer magneti c
poles 12 and 13 may be of a permanent nagnet having magnetization in the
vertical direction; however, the-energy product of such a pernmanent

magnet varies so that nagnetic naterEEIisQép adAdteel is preferred in 5
order to provide an accurate distributidn™p t magneti c
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fields In particular, when the outer dﬁ% tic pole 13 requires a uniformty
of* thenmagnetic flux density around its outer periphery, use of soft
magnetic material is required. FIG 1 shows the soft magnetic body 8 that
is 10 disposed in the nmagnetic field and divided into four
sections by slits with a narrow width rangi ng usually from approximately
0.01 nmto 3 mm. preferably from approximately 0.10 mmto 0.5 nm

Thi cknesses of the soft magnetic body JrgsgﬁluFu'lly fromabout 1 mMmmto
10 mm 15 preferably from about 4 td h soft magnetic body is

fixed with a support plate 9 of non-nagneti ¢ terial. In the draw ng,
reference nuneral 14 stands for a base pl t@ﬂggnsisting of non-nmagnetic

materi al and referghce nureral 15 for a backing plate to which the
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20 target is stuck. In the first exanﬁ%élﬁf FIG 1, there is used a target
of "ferromaghetic material such as FeCo I ng diameter of 20.3 cm (8

i nches) and thickness of 2.5 nm FIGS. 3(a) and 3(b) show patterns of

di stributions of the respective horizontal and vertical magnetic fields 25
at 2 mm above the target surface prior to start of the sputtering when
the target of ferromagnetic material 1is applied to the apparatus
accordi ng to the present invention. FIG 4 shows an erosion pattern of
the target after the sputtering. FIGS. 22(a) and 22(b) show the sanme 30
distribution patterns and FIG 23 shows an erosion pattern in the
sane conditions, when the sane target 1is applied to the conventi onal
magnetron as shown in FIG 19 As is apparent fromFIGS. 22(a) and 22(b)

and FIG 23 - F'IG |3
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erosion occurs locally for the conventt

magnetron and 35 it devel ops

Sl

w"t h accel erat ed velocity. Furthernnre S - 16 - found that the
region where plasma is closed gets narrower as the erosion
devel ops, t her eby rapidly decreasing the sputtering rate as tine
passes. On the contrary, for t he magnet r on Sputtering

apparatus 5 according to the present
region and the soft nmagnetic body 8

magnetic field over the target as the erosion devel ops,

periodi cal variation

(Ll 8L N Ll L
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I nvention, erosion occurs in a w de
conpensates the distribution of the
t her eby nmaking a
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in the sputtering rate extrenely snaIﬂCbﬁ#-the exanple of 10 FIGS. 3(a),
3(b) &and 4, the gradient of the wvertical magnetic field around the
outer magnetic pole is set to approximtely 350 Gauss/cm (1 Gauss = [err])
and the gradient thereof at a central portion between the two magnetic
poles is set to approxi mately 20 Gauss/cm Further, it is set that 15
polarity of the vertical nagnetic field changes at a portion where the
gradient of the vertical nagnetic field is small - in this case, in a
position extrenely close to the position indicating the mininum value of an
M shaped horizontal magnetic field. In the distribution of the 20 vertical
magnetic field as shown in FIG 3(b), the magnetic field is set to

be the -hi ghest around the outside of t iyn tic pole and to be
smal ler at a l 25;.n1g?ﬁ
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central portion of the inner magnetic pole. In this case, as an upper
poriion of the inner magnetic pole isj EP portion where no plasma
generates, the distribution of the magrdetic field at this portion is
outside the present invention. 1In this exanple, the target Ilife is
prol onged by larger than five times to approximtely 55 kWh from

approximately 10 kWh in terns of

| nput power, conpared 30 with a

conventi onal magnetron as shown in FIG 19 FIGS. 5(a), 5(b) and 6 represent
t he second exanple indicating the distributions of the magnetic field and

an erosion pattern, respectively,

wherein width of each slit of the soft

magnetic body 8 is narrowed so as to make the 35 gradient of the vertical

magnetic field virtually null at

FIG.I9
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17 = a portion where the gradient qﬁgfgp vertical magnetic field between
the‘nagnetlc poles is small. In this the erosion.-pattern is of a

W shaped formand the target life is approximtely 30 kWh. This is because
the erosion 5 of the target develops with a slightly faghleSheapﬁgegL RRenfh Boed
portion where a rise in the gradient of the vertical nagn

rapid and the action of conpensating the magnetic field o H,mlg"ﬁ
magnetic body 8 is not so large at that portion. Furthernore,

considered to 10 be based on the fact that plasma is confined by a partial
loop of the magnetic flux from the target surface as

FIG. 2l

FIG. 22
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showy-in FIG 6. Therefore, particul|5/{/§/-v\hen the target is of a

fer onagnetic material, it is required that the gradient of the vertical
magnetic field is optimzed in 15 accordance with nmagnetic characteristics
of the target. The results of an experinent using a ferromaghetic
material as the target, particularly having a |large perneability,
have reveal ed that a better result can be achi eved when the gradient of the
vertical magnetic field 20 is set CFD a?griately smal | val ue
than when the gradient of the vertidal L@Qti Jeld is set to zero. It
is noted that a very good result cannot be obtained when the | ocation where
polarity of the vertical nmagnetic field is changed is set to the portion

where the gradient @25 of the vertical magnetic field is large and that
further, 0 500 (O)
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when the | ocation at which polarity (4‘ the vertical magnetic field is
cha.ngeﬁ Is set to a position extrenely close to the position indicating the
m ni-mum val ue of the Mshaped horizontal magnetic field, the |ongest target
30 life can be atttained and a sputtering rate during operati on
changes at the’ smal lest rate In the third exanple as shown in FIGS. 7(a),
7(b) and 8,.- there 1is used the rg Ta non-magnetic materi al
havi ng 20.3 cm (8-inch) dianeter aFtLﬂ énmtagness. 35 FIGS. 7(a), 7(b)
and 8-Tepresent the distributions of thé&
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-hori zontal and vertical magnet ' ek pbove the target surface
prior to the start of sputteri 13”&1%&3?‘\%@[?@@ pattern of the target
subsequent to sputtering, respgctiv L : FIGS. 24(a), 24 (b) and 25
represent the respective distributions of the horizontal and vertical
magnetic fields at 2 mm above the6 target surface prior to the
start of sputtering and an eABSTRACPaOF eTHE ab1$¢BOSURE et subsequent to
sputtering, respectively, using the sane 10 target as. in the third
exanple for a conventional magnetron as shown in Fig. 19. As is
apparent from Figs. 24 (aMAGRETRON SPUTPERINGIASPARATURCUrs locally on
the target of non-nagnetic naterial when used with the conventi onal
magnetron, although not so large as with the target of

~ A magnetron sputtering apparatus contains an inner
magnefic pole, ah outer magnetic pole having a polarity
opposite to that of the inner magnetic pole and arranged
- to surround the inner magnetic pole, and a target
disposed‘ on at least above the inner magnetic pole and
extending therefrom towards the outer magnetic pole. Each
of the magnetic poles is of a soft magnetic material
‘divided into plural discrete sections by a substance
having a narrow. width ahd a small permeability or by a
slit is mounted on a back side of the target between the
inner and outer magnetic poles so as to decrease the
gradient of a vertical magnetic field at a central
portion between the inner and outer magnetic poles yet to
increase it at a portion in the vicinity of the magnetic
poles and so as to make the distribution of intensity of
@ horizontal component of ‘the magnetic field in an
M-shaped form '_between the magnetic poles. The number of
the sections of the soft magnetic material and the width
" of the substanc'e. or the slit are set in accordance with

' magnetic character_istics and a thickness of the target.

" Fig. 1 ' e rree Pnt
~=1-= - - PEFLACEMENT SHEET

2 3 AUG 1996

This Sheet Has Been Re[ilaced

AR R




]

¢ ¥ s REPLACEMENT SHERTS £

15" ferromdgnetic material. In this case, ﬂ@a&ﬁ@ﬁbhzg@g@n,!efﬁ ingd-enély
of the target is approximately 25% In the exanm’@@zfn{gl G: ?gggﬂg@t{ﬁ@%ed 25
magneti c body 8 consists of three sections and ig’mﬁggms.pg@gd o paged 144
approxi mately 50% of the distance between its tWAW“CpQOVde.?.’?.t agdd —

shown in FIGS. 7(a) and 7(b), the gradieft of jthe vertical  component of the

magnetic field is set to zero at a central portiﬁ&mbe en Lhe, tawo, magnetic
pol es while the gradient of .the horizontal conp W&P lﬁ!nnéé)!ﬂq-f i'nld

is set to a constant vaMAGNETRON h$BUEBERING ARRARATUS occurs to a | arger
extent at the central portion between the magnetic poles although an
erosion area spreads, as is apparent in FIG 8. In this exanple, the
erosion pattern is a | oose U shaped formand a utilization efficiency of

5 The present invention relates to a magnetron
sputtering apparatus and, more particularly, to a
magnetron sputtering apparatus capable  of readily

- retaining plasma in a stable manner even. in case of a

large-scale magnetron or in case where target of a
10' ferromagnetic material is sputtered. The present invention

also relates to a magnetron sputtering apparatus in which

local erosion of the target is blocked, thereby

- prolonging life of the target, and in which a variation

in a sputtering rate can be made to an extremely small

1S extent during operation.

A conventional magnetron sputtering device will be

- described with reference to FIG. 19 in which FIG. 19(a)

is a perspective view showing such a mégnetron sputtering

20 device and FIG. 19(b) is a cross-sectional view showing
r OF

the magnetron sputtering device taken along line PA— P

'FIG. 19(a). As shown in FIG. 19, reference numeral 1
_denotes target composed ©0f a non-magnetic material or a
25 _ferromagnetic material. On the back side of the target 1
 are .disposéd_ an inner magnetic pole 2 and an outer
magnetic pole 3 disposed so as to enclose the inner magnet
2 and having polarity op_posite. to that of the inner
magnetic pole 2. To their bottom portions is connected &
30 magnetic -yoke 4 composed usually of a magnetic material
such as steel or the like. _
The ' sputtering device having the foregoing
configuration is accommodated in a vacuom container. When
the magnetron sputtering device is in use, the container

35 'is filled with argon gas at low pressures and voltage is
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the target s 41% 30 In the fourth exanple, the soft nmagnetic
body 8 consists of five sections and the I ength of the magnetic body 8
accounts for approximately 80% of the distance between the two -
magneti c pol es. An experinent has been conducted using the target wherein
the gradient of the 35 vertical magnetic field is set to zero at a central
- 19 - portion between the two nagnetic poles and the horizontal conponent

of the magnet %19%%1&5 %é«%vée& aﬂe Maldarethd o QLbBELEPET RSN shd%m$ NOYRCH s

FIGS. 9(a) an row ded
: a disc, ereby ionizing the argon gas and generating electrons

from the target suriace. The argon ions bombard the target to
cause the tarxget substance to be generated and to form a thin
film on a surface of the substrate. The magnetic field formsd
by the two magnetic poles 2 and 3 can effectively catch the
~electrons and promote ionization of the argon gas, thereby

improving the effectiveness of gputtering.

For conventional ntagnetron sputtering devices having the
configuration described hereinabove, ‘it is considered that the
electrons caught around the surface of the targer ) are enclosed
by the magnetic field formed in the shape of a semi-circular dome
as indicated by arrows in Fig. 19(a) and move along the dome-like
magnetic £ield configuration. Thus, occurrence of erosion on the
surface of the target ) depends upon distribution of the magnatic
field over the upper suriace of the target 1, in other words,
upon the distribution of the horizontal component and ths
vertical component of the magnetic field, with respect to ths
surface of the targst. Thes t:e'fm "vertical” is herein used to
rafer to a direction-pe rn°nd1cular to the plane of the target,
and the Tterm "horlzom.al“ to @ direction parallel to the

' plane of the targot

Fig. 21 is a cross-sectional view showing a typical erosion
pattern of the target 1 in the region between P, - P; of Fig.
1§(a) when a ferromagnetic:_matefial such as iron or cobalt, is
used as the target. As is understood from this drawing, erosion
develops locally and the life of the target 1 is shortenead

considerably.

Several solutions to this problem have been propossd. On=2
of the solutions is to provide a large number of grooves on ths

target 1 extending in its longitudinal direction to thereby
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N R
hewever that t

central portio
fromFl G 10,

he maxi mum val ue of the horizontal conponent. 5 at the
nis set to approximately 50% In this case, as is apparent
it has been found that erosion develops in an extrenely w de

region and a utilization efficiency of the target.is 52% It is noted
herein that erosion develops to a sonmewhaB |arger extent 10 at a portion

close to the o

uter magnetic pole where the gradient of the vertical

magneti c fi gederapedther hoxd zorhak conpaneatf oft Khexaggmetichéigldt eYertd on

of the magnet;h
magnetic field

the width ofipgeky Cp

Q fduflehdes &Ettﬁé’ @srdet al | Ui Nea il ENfo@ind Neow el hséth

to %ra ualli/ rise at that 1 gportlon In thjs case,

beiwe¥Alt o dPrerSseRtithry HO8%e sddSmb§RBEITDody

8 as shown howelrer!, oyrdseaxamiie id ssemanbage eXhaBdEbrinad ol S t Darge

number of the longitudinal grooves on the target 1 is laborious.

We have found that a site where erosion mainly develops
corresponds well to ths position where the polarity of the
vertical component of the magnetic field varies rather than the
distribution of intensity of thé horizontal component thereof,
namely, to the pdsition where the value of the vertical component
thereof is very small. This is considered to be based on the
fact that, as shown in Fig. 19 (a), the electroms are moving in
a cycle along the dome-like magnetic field over the surface of
the targst 1 as well as, at the same time, making a periodical
movement- in the direction of gradient in the vertical magnetic
field. The number of electrons available to ionize argon gas

atoms increases where the vertical component of the magnetic

n

field becomes small. When a ferromagnetic matexial is used a

(

the target, if erosion of tha target 1 occurs, the leakags

(

magnetic field becomes larger as shown in Fig. 21 and the
gradient of -the vertical nagnetlc field bncomes larger at the
location where erxrosion occurs, so that the intensity of the
horizontal magnetic field increases, thereby'Lurther'accelerating
local erosion. If it is difficult to ensure the intensity of ths
magnetic field on the target in the case of conventional large-
scale magnetron sputtering devices and sputtering devices using
ferromagnetip'targgt, there are many occasions in which an
electromagnet is used for the inner and outer magnetic poles.
In those occasions, however{'theielectromagnet presants the
disadvantages that it is expensive in operating costs and the
application of eleccricity.is accompanied by the generation of

heat, so that it cannot readily be applied for any device.

For the above reason, permanent magnets are desired. As the
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0.3 mm The distributions of the magnetic field and an erosion pattern in
this case are shown in FIGS. 11(a) and 20 11(b) . and FIG 12,
respectively In this case, the utilization efficiency further rises to
66%: Al t hough these experinmental results gannot clearly be explai ned
theoretically, it is considered that, when the plasma is confined within a

done- | i ke 5%%%_%'1% 1R g e rdNG, BREREHECOHEL! EhaeRE e PAERbh OLhd 01 ARE:

target surfaCe can be frOVIded around a central portlon bet ween the two

magnet i ¢ pBRERSKEC tRRLP| £OeEhs PRTISt MRIRNBHIF t ReleenttP® TRENSIESE FFBMF t he

both si des gavisa thal0&udP AR i SutRiremalghet 8& OpdTle t Dot £1Bs MBGNBL | &e@péae@naiue
to a | arger magnetjc 30 qux denélt in the wvicinit of th

magnetic FOreRredsidsy that RgoHR T FGFOEHCaPPeR - dehBRs- a}BUH%

required that the magnetic flux density of the outer magnetic
pole 3 be made larger in order to keep plasma on the targst
stable. It is to bz noted that the outer magnstic pole required
for increasing-the magnetic flux density comprises the total
outer periphery of the ﬁagnetrqn in a semi-circular shape as
shown in Fig.19 (a) or it is a portion of the outer magnetic pole
3 for a magnetron in a rectangular shape as shown in Fig. 20,
where the magnetic flux spreads in a radial form from the inner
magnetic pole 2 to the outer magnetic pole 3. When the soit
magnetic material or permanent magnet is used between the innsr
and outer magnetic poles in order to control the distribution of
the magnetic field over the targst as with the present invention,
this technology is particularly significant because the intensity
- 0of the magnetic field over thes target is decreased. 1In eithsr
case, it is reguired that the magnetic flux density over ths
inner and outer magnetic poles be increased to z sufficiently
high level in order to retain the rlasma on the upper surfacs of
the target ln a stable manner. When thea target is of a
ferromagnetic material, the technlque of sticking a magnet to an
outer side surface of the outer magnetic pole 3 becomss
significant in order to keep the high magnetic field over the
uppexr surface of the target because the magnetic flux decreasss
over the upper surface of the target. For magnetrons disclosed
in U.s. patent Nos. 4,162,954 and 4,265,729, which are proposad
for improvement in the distribution of erosion of the targec,
like the present invention, magnets are disposed such thatr
centralization of ths magnetic flux around the inner magnetic
pole is prevented in order to make the magnetic lines of forcs
“as parallel as possible to the target surface over the target and
the vertical component of the magnetic field is not renderad

large around the inner magnetic pole. Such magnatrons pressnc
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an extrenely wide erosion region, thus it is considered that the
magnetic flux density be 35 somewhat snmaller around the central
portion between the - 20 - two magnetic poles, thereby permtting the
el ectrons to depart to sone extent fromthe central .portion. Sone
experimental results have revealed that, ih instances where the gradient
the vertical magnetic 5 field is set to nearly zero, there are nan

occasi ons whéhe SxawbasksnthrsiPIasme of }ikedyahgoetome unespblerangd, when

the target is of the ferromagnetic material, the leakage magnetic
field over the target surface becomes so small that no plasma is

caused at all to occur.

_ US-A-4 265 729 discloses a magnetron sputtering apparatus
comprising an inner magnetic pole, an outer magnetic pole having
a polarity opposite to that of the inner magnetic pole and

-arranged to surround the inner magnétic pole, and a target

~ disposed at least above the inner magnetic pole and extending

‘therefrom towards the outer magnetic pole, each of the magnetic
poles comprising a permanent magnet having magnetization in a
direction perpendicular to the plane of the target of a soft
magnetic material, and- a first permanent magnet having

.magnetization in a direction parallel to the plane of the target

is disposed between the inner and outer magnetic poles.

The invention is characterised in that a second permanentc
magnet having magnetization predominantly in a direction opposite
‘to the direction of the magnetization in the first permanent

magnet is disposed on an outer side of the outer magnetic pole.

The invention permits magnetron sputtering apparatus to be
constructed which can retain plasma on the target in a stat;le
manner, which prevents local erosion of the target, which can
significantly prolong life “of the target, and which can sputter

. the target at a stable sputtering rate during operation,

particularly when ferromagnetic material is used as the target.

Preferred embodiments of apparatus further comprise means
disposed between the first permanent magnet and the target ang

adapted: (a) to decrease, at a central portion between the inner
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state fromthe U shaped state when the distribution of intensity of the
hori zontal magnetic field is such that the maxi nrum value at the central
portion between the two 10 magnetic pol es ranges from approxi nately 20%to
75% It is provided, however, that there has been seen the tendency that
pl asma ‘becomes wunstable when the m ninum val ue.of the M shaped

hori zontal magnetic field is lowered to 70 Gauss or smaller. Therefore, it
is 15 required that the mninmum valug for the horizontal conponent
of the magnetic field at the central -portion between the magnetic pol es be
70 Gauss, gnéfenabklywaamgdrid Ipniek‘;OaGaitmicAi i @ saplefiagwed)f compohent of

cxPEr I8! TGS TR L4FLES ach AP, 9 VERL A et cuter
magnetic poles and emerging from the source of the target; (b)
to increase the said vertical component thereof at a portior.
around the magnetic poles; and (c) to cause the distribution of
intensity of the horizontal (as delfined) component of the
magnetic field between the magnetic poles to adopt an M-shaped
form, having peaks towards the magnetic poles and a trough

therebetween.

Most preferably, said means comprises a soft magnetic
material divided into plural discrete sections by a substance
having a narrow width and a low permeability, or by slits, the
number of the sections of the soft magnetic material and the
width of the low permeability substance or the slits being
determined in accordance with the magnetic characteristics or the
thickness of the target. The number of the sections of the soft
magnetic material and the width of the less permeable substance
or the slits are optimized in order to optimize the distribution
of the magnetic field over the target so as to correspond to

magnetic characteristics or the thickness of the target.

In other embodiments, the distributing means is composed of
soft magnetic material having a cross-sectional area which is
larger at its middle portion and gets gradually smaller towards
its end portions, or alternatively is of curved shape, and is
disposed such that its curved end portions are further from the
target than ité central portion. In yet further embodiments, the
means may be composed of a permanent mégnet which has
magnetization predomlnantly in the horizontal direction and which

is lower in he:.ght. at its mlddle portion and becomes gradually
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factor and it i.s preferred that changes in the gradient of the nmagnetic
field froma snall -state to a great state are not sharp. Furthernore, It
is noted that the wutilization 25 efficiency .of the target cannot
rise to a very high extent nerely by nmaking the direction of the
magnetic field over the target parallel o the target surface, and it is
thus required that the distribution of the magnetic field be optimzed by
observi ng higberstowadfst it @ndopoRpicis .t he PRReEIWONGS ¥igBtisgrERBIRdt h

of the s|iLuRAlyRER 1B SERLEANDRtibRcosRls JRUA! it kBycasgdinundoees

descri bed hereinabove, it presents the advantage that the slits are
di sposed innsloE’MaPnlsaﬁg’Gr_fﬂFH’E‘ﬁriW%f\féﬁ’@e and soft

The invention is hereinafter described in more detail by way
of example only with reference to the accompanying drawings, in

which:-

Fig. 1 and Figs. 2(a), 2(b), 2(c) are cross-sectional views
showing portions of embodiments of apparatus according to the

present invention;

Figs. 3(a) ahd 3(b) are graphs showing the distributions of
horizontal and vertical components respectively of the magnetic
field over the target in a first example of apparatus according
to the invention in which the target is of a ferromagnetic

material;

Fig. 4 is a cross-sectional view showing an erosion pattern
of the target in said first example of apparatus according to the

~invention;

Figs. 5(a) and 5(b) are graphs showing the distributions.of
horizontal and vertical components respectively of the magnetic
. field over the target in a second example of apparatus -according

to the invention in which the target is of a ferromagnetic

material;

Fig. 6 is a cross-sectional view showing an erosion pattern
of the target in said séCond example of apparatus according to

the invention;

Figs. 7(a) and 7(b) are graphs showing the distributions of
horizontal and vertical components respectively of the magnetic

field over the target in a third example of apparatus according
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35 steel or the like in a ribbon formis inserted into the - 21 - slits,
because this-technique does not require that a | arge nunber of sections of
the soft magnetic body 8A be prepared. - It is also preferred that an
appropriate substance having a snmall non- gr nmeabi |l i-ty, such as Cu, Al 5 or
stainl ess steel, or a permanent magnet havfng no magnetization yet a hi gh

coercive foree PRK bEbOReidRd SR!GnIBE Shil Ydidul sbend N 1he Bldderc

merely as a gap, In order to permt ready positioning of the sect
the soft madeeiexiabdy 8A.

Fig. 8 is a cross-sectional view showing an erosion pattern
of the target in said third example of apparatus according to the

invention;

Figs. 9(a) and 9(b) are graphs showing the distributions of
horizontal and vertical components respectively of the magnetic
field over the target in a fourth example of apparatus according
to the invention, in which the target is of a non-magnetic

material;

Fig. 10 is a cross-sectional view showing an erosion pattern
of the target in said fourth example of apparatus according to

the invention;

Figs. 11(a) and 11(b) are graphs showing the distributions
of horizontal and vertical components respectively of the
magnetic field over the target in a fifth example of apparatus
according to the invention, in which the target is of a non-

magnetic material;

Fig. 12 is a cross-sectional view showing an erosion pattern
of the target in said fifth’example of apparatus according to the

-invention;

Figs. 13 --16 are cross-sectional views showing portions of -
preferred embodiments of apparatus having means for controlling
the distribution of magnetic field over the target surface, said

means being composed of soft magnetic material;

Figs. 17 - 18 are cross-sectional views showing portions of
preferred embodiments of apparatus having means for controlling

the distribution of magnetic field over the target surface, said
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10 As have been described hereinabove, the magnetron sputtering
apparatus according to the present invention is provided with the inner
magneti c. pol e consisting of a permanent nagnet havi ng magnetization in the
vertical direction or a soft magnetic matéial, an outer magnetic 15 pole
consi sting ‘of a sim. ar materi al §nd di sposed so as, to enclose the inner
magneti ¢ pofM&3ng & TEh STTRREGTe PL nRSTIRP e Ha dIRANYERG dirteFd@deni nantly  in
the horizontal direction and disposed between the inner and outer
magneti c pol es,.. __an - havi n magnetization 20 , = |
predomi nantly i npég&'rggtﬁagn ag’giggg’ist 8%o Fﬁ%ﬁﬁF?%ﬁﬁY&l 2 JPFERI I V6 HRY
per manent naheetingThuscoheenppanalt usowael alatig: an t hendr £sepbss rBaitiionalhas
a sufficient);y,) 2n86:480kae Qhnk RadBAN Caklel s2024":h0% CU B of Fig.

20(a);

Fig. 20 is &2 perspective view showing a conventional

rectangular magnetron;

Fig. 21 'is a cross-sectional view showing a typical erosion
pattern formed when & ferromagnetic target is sputtered using &

conveniional magneiron;

Figs. 22-(a) and 22 (b) are graphs showing the distributions
of horizontal and vertical components respectively of ths
magnetic field over the target of a conventional magnetron, in

which the target is ¢f ferromagnetic material;

Figs. 23 is a cross-sectional view showing an erosion

o

(8}

pattern formed in & conventional magnetron having & targe

ferromagnetic materizl;

Figs. 24 (a) and 24 (b) are graphs showing the distributions
of horizontal and vertical components respectively of the
magnetic field over the target of a conventional magnetron having

a target of a non-magnetic material; and -

Fig. 25  is a cross-sectional view showing an erosion pattern
formed in a conventional magnetrcn having & target of a non-

magnstic material.

The magnetron sputtering apparatus shown in Fig. 2(z}
comprises an inner magnetic pole 12 composed of a soft magnetic

material such as steel; and outer magnetic pole 13 disposad so
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magnetic pole, thereby permtting plasma to be readily 25 retained in case

of a large-scale magnetron or in case where the target is of a

ferromagnetic material, and thereby increasing the sputtering rate to a

considerabl e extent, as conpared with a usual nagnetron. Furthernore, t he

magnetron ~ sputtering apparatus 30 accd?ding to the present invention is

provi ded on_a back side o% the tar ettvveen thf I nner_and out mgnetic
€nfLPSge ?

t bet,
Dol s wi th &8 nkan PSaPRET SR AToRP LS L2 fc | RIS AT BAGPFE 16
field, verthaaeingomabhaettdragttionf predohinamiier iandreitterivapteli dipetesover

B oney 200 Ohi tRe S0 ILRROREGEL 10°abBBSLAPBOELLEN PRE e ana
outer magnetic poles 12, 13; and a permanent magnet 17 having
magnetization predominantly in the horizontal direction opposite
to that of the permanent magnet 16, disposed on the outer side
surface of the outer magnetic pole 13, wherein the magnetic flux
density is high around the outer magnetic pole 13. As a result,
in the case of a large-scale magnetron or in the case where a
ferromagnetic material is used for target 11, a strong magnetic
field is produced over the target 11 and the plasma is retained
easily, thereby increasing the sputtering rate significantly as

compared with a usual magnetron.

As shown in Fig. 2(b), the outer magnetic pole 13 may be a
soft magnetic material disposed so as to be inclined towards the
inside. In this case, it is particularly required to use a
permanent magnet 17 having a high energy product, which is
disposed outside the outer magnetic pole 13, in order to allow
the outer magnetic pole 13 to produce a sufficiently great
magnetic flux density. Howé_\fer, this structure provides the
advantage that the size of the magnetron can be smaller. ‘In this
case, as shown in Fig. 2{(c), if the direction of magnetization
of the permanent magnet 17 is perpendicular to that of the outer
magnetic pole 13 disposed therewithin, the arrangement gives the
effect of increasing the magnetic flux density of the outer
magnetic pole 13. A permanent magnet 17 having this unusual
shape can readily be aSsembléd if a plastic magnet made e.g. of
a rare earth'meta.l'which can be injection- or press-molded is

-used as the permanent magnet.

Referring back to Fig. 1, which shows another example of a
magnetron sputtering apparatus according to the present
invention, the soft magnetic body 8 is magnetized in the

direction toward the outer magnetic pole by means of the magnetic
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-.22 - pole in the vicinity of the outer magnetic pole, at a central
portion between the inner and outer. magnetic poles, yet increasing the
vertical component thereof at a portion around the nagnetic poles, and for
maki ng the 5 distribution of intensity of,the horizontal conponent of the
magnetic field in an M shaped forn1betmeen t he magnetic poles. The
provision ghesdc lﬁo&mmabsr @het fmé&a‘ﬁlﬁg&ledecof)olbezt angethdo@mema@eeﬂmer

and outer ne esmserv a%lavo q:dseg%l ocaé er osj Qn gf )LSC aﬁqgg and

10 prol ongPRACE e t ATBSt "AEPECIEALLGR (RS DB RPPST | SHEkace O

target of i:aﬁrgem:ag:eil drmasechala, wantsyd athat ithd habsplititer vajjlue abbé ogHe be

m nim zed. horizontal magnetic field and the gradient of the wvertical
magnetic field in the middle portion of both magnetic poles 12

and 13 are decrea_sed.

On the other hand, the influence of the soft magnetic body
8 upon the magnetic field is so small that the gradient of the
vertical magnetic field is increased around the upper portion of
the two magnetic_poles.lz and 13. The slits disposed on the soft
magnetic body 8 serve to regulate the intensity of magnetization
when the soft magnetic body 8 is magnetized by means of the
magnetic field generated by the two magnetic poles. Moye
specifically, it is considered that the disposition of the slits
causes the magnetic flux to spring out in their positions, and
the magnetic field to bz gsnerated in the opposite direction at

he portions coanstituting the sections, thereby regulating the

ct

intensity of magnetization of the soft magnsatic body. An

accurate control of tha distribution of the magnetic field over

i

the upper surface o the -target' can be implema2nted Dby
appropriately adjusting the width of the slits of the soft
magnetic body 8 and controlling the intensity of magnetization

at each section of the soft magnetic body 8.

In particular, when a ferromagnetic body is used as the
target, adjustment of the slit widths is important. In

o

conventional magnetron using ferromagnetic material as the

-target, when.erosion develops on the target, the magnetic flux

'.( )

is caused to spring out from the target itself as shown in Fi

Lh]
17

21 so that the magnar_lc IlelCI is increased at ths site whs

m
prer
Q.

erosion has developed, while this increased magnetic f£i

u

decreases the magnestic field produced by the two magnstic pols

(4]

at th

Q.

on its both sides. Accordingly, the plasma is localize

portion where erosion develops, and no plasma is caused to occur

This is the replacement sheet

Date: - - NOV 1497



As a magnetic-field generating neans as descri bed herei nabove S SO
strong, a magnet r on sputtering 15 apparatus accordi ng to t he
pr esent invention which permts a ready retention of the plasma and has
a wide sputtering area can be provided bi conbining it with.a neans using
the soft magnetic material having effect 20n the magnetic field over the

A B 1 o R R LAt ¢ cAPng SISERRRRC c RS S PrOREede A
increasing velocity. -When the target consisting of the
ferromagnetic material develops, the magnetic field is increased
under the back surface of the target as well as on the upper
surface thereof. The soft magnetic body 8 used in preferred
embodiments of invention has the function of preventing the
magnetic field over the target from increasing as a result of an
increase in magn.étization of the .soft magnetic body by means of
the increased magnetic field. In order to have the soft magnetic
body 8 serve its function well, it is necessary to optimize the
magnetic characteristics of the soft magnetic body - in other
words, the number of the sections of the soft magnetic body or
the width of the slits disposed thereon - in accordance with the
magnetic characteristics of the target or the thickness of the
target. As there are gaps between the sections of the soft
magnetic body 8, the gaps have the effect of adjusting the

magnetic characteristics of the soft magnetic body.

For targéts composed of non-magnetic materials, no influence
is given upon the distribution of the magnetic £ield by
development of erosion. An appropriate adjustment of the widths

"of the slits:permits an accurate distribution of the magnetic
field over the target. This a;ijustment is advantégeous because
its adjustment is simple. It is to be noted that the slits are

.not necessarily "entirely sSeparate, and they may partially be
connected to each other. In both cases, there is no significant
difference of the effect. The thickness, length and magnetic
characteristic_s' _of each sectioﬁ of the soft magnetic body are not

necessarily the same as each other and they may vary as needed.

In the example as shown in Fig. i3, the soft magnetic body
8B is smaller in cross-sectional area at both end portions so
“that the amount. of the magnetic flux is decreased at both end
portions. In the examples as shown in Fig. 14, the soft magnetic

body 8C is disposed so as to allow both end portions to be
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magnetic pole (12), an outer magnetic pole (13) having a polarity opposite
to that of the inner magnetic pole (12) and arranged to surround the inner
magnetic pole (12), a target (11) disposed at |east above the inner
magnetic pole (12) and extending therefromtowards. tthe outer nagnetic pole
(13), each of the nmagnetic poles (12, 13}300rrpri sing a pernmanent magnet

Carger (1HSrghes Eion e hBe RTeATl Sonkhek FRPoragBrhifdchhanEiops)
havi ng nageeit zatoaslynfaodi thepoatiparehese thetdeadiane of tihe veatgehl
Chat act or (RAIPF P PrER =S LE GHOR PorRuh SR PHRUNEE VA9 SHE0% b PEathen
predom nankdycidad Wagaetionf gDkt Baige | heombparedi witRf tid&Edmerethzat i on
0 Lhe f1ral, peroanctl wmaneh, (16) 12 &L 2ROREC R0 A0 21 T8nghgt i%: o
the sputtering rate can be small in particular when the target
is of ferromagnetic material. 1In the examples shown in Figs. 15
and 16, magnetic bodies 8D and 8E are composed of steel or the
like, which is in plate form. In the example of Fig. 17, there
is wused a permanent magnet' 8F which has mwagnetization
predominantly in the horizontal direction and is curved in such
a concave shape as its thickness is thinner at its central
portion and continuously thicker as the distance comes closer to
its side portions. The permanent magnet 8F is disposed so as to
allow its concave surface to face the back surface of the target.
As showrn in Fig. 18, a permanent magnet 8G is disposed in

substantially the same manner as the permanent magnet 8F as shown

in Fig. 17, except for its
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2 A magnetron sputtering apparatus as clainmed in Caim1l, further

conpri sing nmeans (8;8B; 8C, 8D, 8E; 8F; 8G di sposed between the first pernmanent
magnet (16) and the target (11), between the inner and outer magnetic pol es
and adapted:. (a) to decrease, at a central portion between the inner (12)
and outer. (13) magnetic poles, the conponént in the direction perpendicul ar
to the plane of the target of the magnetic - field at the surface of the
target and generated by the inner (12) and outer (13) magnetic pol es and
ener gi ng fEORFENE sEREGCHTHCR hdSt dig@nted ) £reR) Jt*éSi.ﬁégéagéldt RO&Hians

conponent ip the dipgphiisen peipendraukarekamphe Phade ghnkhantfsed ahe
portion around the nagnetic gol es (12, 13); and (c) to cause the

di stributisamef ¢ffersi 35 okhehexplohens ishetr dit eCifonlpar APl dihasg t he
g'dggte g; tﬁ/@gﬁggrg %tfsoérgn,]th%h@ag%ﬁfoﬁ' °b¢ beé&ﬂsenga%i%@gnecwgc R frve 52
S field is small if the target is of ferromagnetic
material as described hereinabove; however, they can be
_used" in case of the target of non-magnetic material,
_ thereby enabling the setting of  the distribution of thé
magnetic field. Referring .back to FIG. 16, the outer
10 magnet 13 is arranged so as fto allow its outer periphery
to project over the outer circumference of the target 11.
This arrangement, however,. can be applied when a magnet
‘17 disposed outside the outer magnetic pole 13 has a
sufficiently large energy product or when the magnet 17
15 has a sufficient thickness. In this case, the sputtering
region can be spread over the outer periphery of the
target. '
| Referring now to FIG. 1, it is seeh that the
magnetic body 8 composed of steel or the like is mounted
20 on the back side of the target in a position between the
two magnetic poles.' Its section has substantially the

same as that taken along line PA - PB in FIG. 20. As shown

in FIG. 1, reference nume'rals 12 and 13 denote inner =and
25 outer magnetic poles, respectively, each consisting of
soft magnetic material. A permanent magnet 16 having
- horizontal magnetization J is mounted between the two
magnetic poles and a permanent magnet 17 having
magnetization J' opposife to .the magnetization J is stuck
30 to the outer surface of the outer magnetic pole. It is to
be noted hereih that the magnetization fnay be deviated to
some extent from its horizontal direction as long as its
main component of the magnetization is substantially
horizontal and opposite to that of the other

35 magnetization as shown in FIG. 1. The inner and outer
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havi ng peaks towards the magnetic poles (12, 13) and a trough therebetween..
24 3 A maghetron sputtering apparatus as clainmed in Caim2, wherein '
sai d neans (8) conprises a soft nmagnetic material divided into plural

di screte sections (8) by an interposed gulstance having a | ow perneability,
or by slits, the nunber of the sections of the soft nagnetic material and
the width of the | ow perneability substance or the slits being. determ ned

i N accor dang&ghieitict hporagnel? c selar a8t ardwt bes afid & hepddramendssmagndthe

target.(11) having magnetization in the vertical direction; however,
the energy product of such a permanent magnet varies so
that magnetic material such as steel is preferred in
5 order to provide an accurate distribution of the magnetic
field. In particular, when the outer magnetic pole 13
requires a uniformity 6f "the magnetic flux density around
its outer periphery, use -of soft rﬁagnetic material is
required. FIG. 1 shows the soft magnetic body 8 that is
10 disposed in the magnetic 3 field and divided into four
sections by slits with a narrow width ranging usually
from approximately 0.01 mm tg 3 mm, preferably from
approximately 0.10 mm to 0.5 mm. Thicknesses of the soft
magnetic body 8 range usually from about 1 mm to 10 mm,
15 preferably from about 4 mm to 8 mm. The soft magnetic
body is fixed with a support plate 9 of non-magnetic
matez.'ial. In the drawing, reference numeral 14 stands for
a base plate' consisting of non-magnetic material and
reference numeral 15 for a backing plate +to which the
20 target is stuck. In the first example of FIG. 1, there is
‘used a target - of ferromagnetic material such as FeCo, -
having diameter of 20.3 cm (8 inches) and thickness of 2.5 mm.
FIGS. 3(a) and 3(b) show patterns of distributions
of the respective horizontal and vertical magnetic fields
25 'at 2 mm above the target surface prior to start of the
" sputtering when the target of £ferromagnetic material is
_applied to the apparatus according to the present
invention. FI1G. 4 shows an erxosion pattern of the target
~after the sputtlering. FiGS. 22:(a) and 22.(b) show the same
30 distribution patterns and FIG. '_23 'shows an erosion
pattern in thel same conditions, whén the same target is
applied to the conventional magnetron as shown in FIG, 19
As is apparent £from FIGS. '2.2'(a) and 22-(b) and FIG. 23 ,
- erosion occurs locally for the conventional magnetron and

35 it develops with accelerated velocity. Furthermore, it is

This is *he replacement shoet

2 5 NOV 191

Late:



4-  A’'magnetron sputtering apparatus as claimed in Claim2, wherein said
nmeans (8B) conprises a soft magnetic material (8B) having, when considering
its cross-section, a sectional area that is relatively large at its central
portion and becones gradually snmaller towards the end portions near the
magnetic poles. 5 A magnetron sputteéing apparatus as clainmed in Caim
2, wherein said neans (8C) conprises a soft magnetic material (8C) which,
when considering its cross-section, is curved and di sposed so as to be
further frofirehe t &Mk (the aregienendheset | pbasrear eds t b .amegnetdetspol es

(12, 19) !hARckbubk alad PoRid O hAghBhel Y8E0=18pe A HRUBELLON SHHIS | N0
apparatus as clained in Caim2, wherein sard neans (8D, conprises a
soft magnet PECHEPEAPAl BB, SEytteiars cawrdiededisng time ¢PgsSesectPon,then t he
formof a cbntrary, for the magnetron sputtering ~ apparatus
5 according to the present invention, erosion occurs in a
wide region and the soft magnetic body 8 compensates the
distribution of the magnetic field over the target as the
erosion develops, thereby making a periodical variation
in the sputtering rate extremely small. In the example of
10 FIGS. 3(a), 3(b) and 4, .the gradient of the vertical
magnetic field”around the outer magnetic pole is set to
approximately 350 Gapss/cm (1 Gauss = 10°*T) and the gradient
thereof at a central portion between the two magnetic poles is
set to approximately 20 Gauss/cm. Further, it is set that
15 polarity of fhe vertical magnetic field changes at a
- portion where the gradient of the wvertical magnetic field
is small - in this case, in a position extremely close to
the position indicating the minimum value of an M-shaped
horizontal magnetic £field. In the distribution of the

20 wvertical magnetic £field as shown in FIG. 3(b)., th

[

magnetic field is set .to be the highest around th

1

outside of the ‘inner magnetic pole and to be smaller at a
central portion'_'-of the inner magnetic pole. In this case,
as an upper .portion_ot: the inner magnetic pole is a
25 portion where ..no plasma generates, ti’xe distribution of
the magnetic field at this portion is_outside the present
.invention. In this example, the-target 1ife is prolonged
by larger than' five times to approximately 55 kWh £rom
approximately 10 kWh in terms of inpu‘& powex, compared
30 with a conventional magnetron as shown in FIG. 19 .
_ FIGS. 5(a). 5(b) and 6 represent the second example
indicating the distributions of the magnetic field and an
erosion pattex_'n,' respectively, wherein width of each slit
of the soft magnetic body 8 1is narrowed so as to make the

35 gradient of the vertical magnetic field virtually null at
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plate having a width which accounts for 20%to 80% of the distance between
the inner and outer nagnetic poles (12, 13). 7 A magnetron sputtering
apparatus as clainmed in Caim?2, wherein said nmeans (8F, 8G conprises a
per mmnent magnet (8F; 8G which has naqnetization-predoninantly in the

direction parallel to the plane of the t7ar'get and. whi ch, when consi dering

!ts_ cross-section, is arranged so as to be further fromthe target (11) at

{3 central PO AN bR BecarE SLadipLly sl o SRk LRSS
"field between the magnetic poles is small. In this case,
the erosion pattern is of a W-shaped form and the target
life is approximately 30 kWh.- This is because the erosion

S of the target develops with a .slightly faster speed at a
portion where a rise in the gradient of the vertical
‘magnetic field is rapid and the action of compensating
the magnétic'field of the soft magnetic body 8 1is not so
large at that portion. Furthermore, it is considered to

10 be based on the fact tha{-: plasma is confined by a partial
loop of the magnetic flux £rom the target surface as
shown in FIG. 6. Therefore, particularly when the target

is of a ferromagnetic- material, it is required that the
gradient of the vertical magnetic field is optimized in

15 accordance with magnetic characteristics of the target.
The results of an experiment using a ferromagnetic
material as the target, particularly having a large

- permeability, have revealed that a better result can be
‘achieved wheri the gradient of the vertical magnetic field

20 is set to. -:a.n appropriately small wvalue than when the
gradient of the vertical magnetic field is set to zero.

It is noted. that a very good result cannot be obtained
‘when the location where polarity of the vertical magnetic
field is changed is sétﬁ to the portion where the gradient

25 of the vertiéal magnétic field is large and that further,
when the -].ocafion at which poiarity of .the vertical
magnetic field is changed is set to a position extremely
close to thé_'position indicating the minimum value of the
M~shaped hbriz.ontal magnetic  field, the longest target
30 1life <can be' attained and .a sputtering rate  during
operation changes at the smallest rate. '

In the': third example as shown in FIGS. 7(a), 7(b)

and 8, there 1s used  the target of a Ta non-magnetic

material having'. 203 cm (8-inch) diameter and a 6-mm thickness,

35 "FIGS. 7(a),-"7(b) and 8 répresent the distributions of the
This is the replacement sheet
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8 A magnetron sputtering apparatus as clainmed in any of Clainms 2 to 7
wherein the distribution of intensity of the conponent in the direction
parallel to the plane of the target of the magnetic field in said M shaped
formis arranged such that its mnimmvalue at the central portion between
the magnetic poles (12, 13) is between 2M6-and 75% of its maxi num value. 9
A magnetron sputtering apparatus as clained in any of Cains 2 to 8 wherein

the change in polari tg of the conponent in the direction _perpendicular to
the plane of heRézPAFRbt 288 (MRFbisgletmagmatdd Hifnatne ﬁﬁgn%??ﬁepﬁpés

(12, 13) occkhggat ayERidd oprbetween the rawded i @ Pokpatéd2ing3)anhera t he
gradi ent of said conponent in the direction perpendicular to th% pl ane of

the target i|&XOFAPP. PRFEEIR n@fnctP®n t&FFeTer FRYSSEPSPAL UE° aSPH4ETEE9in
any of C ai nkespectively. :

S FIGS. 24(a), 24 (b) and 25 represent the respective
distributions of the horizontal and vertical magnetic
fields at 2 mm above the target surface prior to the
start of sputtering and an erosion pattern of the target
subsequent to sputtering, =respectively, using the same

10 target eas. in .the lthird .example for a conventional

 magnetron as shown in Fig. 19. As is apparent from Figs. 24 (a),
'24(b) and 25 , erosion occurs locally on the target of
non-magneti¢ material when used with the conventional
magnetron, although not so large as with the target of

15 ferromagnetic material. In this case, a utilization
efficiency of the target is approximately 25%.

In the example of FIG. 7, the soft magnetic body 8
consists of three sections and it accounts for approximately
50% of the distance between its two magnetic poles. As

20 shown in FIGS. 7(a) and 7(b), the gradient of the
vertical component of the magnetic £field is set to zero
at a central portion between the two magnetic poles while
the gradient of the horizontal component of the magnetic
field is set to a constant value. In this case, erosion

25 occurs to a larger extent at the central portion between
the magnetic poles although an erosion area spreads, as is
apparent in FIG. 8. In -this example, the erosion pattern
is a loose U-shaped form and a utilization efficiency of
the target is 41%.

30 In the fourth example, the soft magnetic body 8
consists of five sections and the length of the magnetic
body 8 accoupts for approximately 80% of the distance
between the two magnetic poles. An experiment has been
conducted using the target wherein the gradient of the

35 vertical magnetic field is set to zero at a central
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2 to 9 wherein the change in polarity of the conponent in the direction
perpendi cul ar ‘'to the plane of the target of the magnetic field occurs at a
position between the magnetic poles (12, 13) in the vicinity of the
position of the m ninmum val ue of the corfonent in the direction parallel to
the plane of -the target in said trough of said Mshaped distribution form
11 A magnet ron sputtering apparatus as clainmed in Caim 10, wherein said
vi ci ni tyt I's d}ﬁfﬂﬁdna&eﬂthe&Ctmﬁ t}aﬂSI ihbgnedict pelesniamdmbrel e fzonle
conmponent.in e diregti ralle th n fsth a S

m nus 10% of FRBPAPSPAN ?bgsﬁeenha ee&r‘r:aggég‘l"& %' "h (12, &ggﬁa%&l E%Em
magnet r on sputherengtappar atass sbowh aiimedFLES Cl zﬂ(m)3 aMeﬁéPh a pFrepMided

oot ChanrhpRegp?, hhge] £ Alx il RRA% B WY 10 12Bh0al Neorildriche! ©

5 at the central portion is set to approximately 50%. In

this case, as is apparent from FIG. 10, it has been founc

that erosion develops in an extremely wide région and &

utilization efficiency of the target is. 52%. It is noted

herein that:. erosion develops to a somewhat larger extent

10 at a portion close to the outer magnetic pole where the
gradient of the vertical magnetic field rapidly rises.

Thus, in the fifth example, the distribution of the
magnetic field is set so as to allow the gradient of the
vertical magnétic field +to gradually rise at that

15. portion. In this case, the width of the slit between two
outer_ sections of the soft magnetic body 8 as shown in
the fourth example is somewhat extended from 0.2 mm to
0.3 mm. The distributions of the magnetic field and an
erosion pattern in this case are shown in FIGS. 11(a) and

20 1l1(p») and FIiG. 12, 'respectively- In this case, the

. utilization efficiency further rises to 66%.

Although these éxperjimental "results cannot clearly
" be expiain_ed theoretically, it is considered that, when
the plasma is ‘confined within a dome-like magnetic field,

25 +the magnetic field nearly parallel to the target surface
' can be provided around a central portion between the two
magnetic poles yet the plasma is thrust toward the central

portion from éhe both sides by a larger mégnetic pressure
around the two magnetic poles due to a larger magnetic

30 flux density in the vicinity of the magnetic poles,
thereby making the electron cor_xcén_tration denser around
the’ centr.al .'portion between the ' two magnetic poles. In
order to realize an extremely wide erosion region, thus
it is considered that = the ‘magnetic flux density ‘be

35 somewhat smaller around the central portion between the

This is the replacement ghect

Date: 2 5 NOV 1987



13 A magnetron sputtering apparatus as clainmed in any of Clainms 1 to 5 or
8 to 12, wherein the target (11) is of ferromagnetic material. This is the

repl acenent sheet -4- 13. A magnetron sputtering apparatus as clainmed in
any one of clainms 1 to 5 and 8 to 12, wherein the target is of
ferromagnetic material. 5 14. A nmagne2z3on sputtering apparatus

conprising an inner magnetic pole, an outer magnetic pole having a
polarity Om%fﬂfﬁéto that of the inner magnetic pole and

1 A 'magnetron sputtering apparatus comprising an inner
magnetic pole (12), an outer magnetic pole (13) having a polarity
opposite to that of the inner magnetic pole (12) and arranged to
surround the inner magnetic pole (12), a target (11) disposed at
least above the inner magnetic pole (12) and extending therefrom
towards the outer magnetic pole (13), each of the magnetic poles
(12, 13) comprising a permanent magnet having magnetization in
a direction perpendicular to the plane of the target (11), of
a soft magnetic matexrial, and a first permanent magnet (16)
having magnetization in a direction parallel to the plane of the
target (11) disposed between the inner and outer magnetic poles
(12, 13), characterised in that a second permanent magnet (17)
having magnetization predominantly in a direction opposite to the
direction of the magnetization in the first permanent magnet (16)
is disposed on an outer side of the outer magnetic pole (13).

2 A magnetron sputtering apparatus as claimed in Claim 1,
further comprising means (8;8B;8C;8D;8E;8F;8G) disposed betwesn
the first permanent magnet (16)-and the target (11), between the
inner and outer magnetic poles and adapted: (a) to decrease, at
a central portion between the inner (12) and outer (13) magnetic
poles, the component in the direction perpendicular to the plane
of the target of the magnetic field at the surface of the target
and generated by the inner (12) and outer (13) magnetic poles and
emerging from the surface of the target (11); (b) to increase the
said component in the direction perpendicular to the plane of the
target at a portion around the magnetic poles (12, 13); and (c)
to cause the distribution of intensity of the component in the
direction parallel to the plane of the target of the magnetic
field between the magnetic poles to adopt an M-shaped form,
having peaks towards the magnetic poles (12, 13) and a trough

therebetween.
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arranged to surround the inner magnetic pole, and a target disposed at
| east above the inner magnetic pole 10 and extending therefromtowards the
outer magnetic pole, characterized in that: a soft magnetic nmaterial
divided into plural discrete sections by a substance having a narrow
width and a small pernmeability or by a slit is nmounted on a 15 back side of
the target between the inner and outer magnetic poles so as to decrease the
gradi ent of a conponent of a |eakage magnétic field, vertical to the
target, fromthe inner and outer nagnetic goles over a surf&;e of .the

g ire

target at @ cent® aM2@BPEFOR FEUREERIPHe 2PFFAREE AR O dReCleipol s
yet to i ncrwieamein satidameansi (8) iconiprd sesva Giafitt maghetie mageeial gidtieand

S0 as into plural discrete sections (8) by an interposed substance
having a low permeability, or by slits, the number of the
sections of the soft magnetic material and the width of thes low
permeability substance or the slits being determined in
accordance with the magnetic characteristics and the thickness

qf the target. (11).

4 A magnetron sputtering apparatus as claimed in Claim 2,
vherein said means (8B) comprises a soft magnetic material (8B)
having, when considering its cross-section, a sectional area that
is relatively large _at its central portion and becomes gradually
smaller towards the end portions near the magnetic poles.

S A magnetron sputtering apparatus as claimed in Claim 2,

wherein said means (8C) comprises a soft magnetic material (8C)
which, when considering its cross-section, is curved and disposed

so as to be further from the target (11) at its end portions
nearest the magnetic poles (12, 13) than it is at a portion

therebetween.

6 A magnetron sputtering apparatus as claimed in Claim 2,

wherein said means (8D; 8E) comprises a soft magnetic material
(8D; 8E), when considering its cross-section, in the form of a

plate having a width which accounts £for 20% to 80% of the
distance between the inner and outer magnetic poles (12, 13).

7 A magnetron sputteriﬂg apparatus as claimed in Claim 2,
wherein said means (8F; 8G) comprises a permanent magnet (8F; 8G)
which has magnetization predominantly in the direction parallel
to the plane of the target and which, when- considering its
cross-section, is arranged so as to be further from the target

(11) at its central portion and to become gradually closer to the

target towards its end portions nearest the magnetic poles (12,

13).

T
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to make the distribution of intensity of a horizontal conmponent of the
magnetic field in an Mshaped form between the magnetic pol es; and 25

that the nunber of the discrete sections of the soft magnetic material and
the width of the substance or the slit are set in accordance with magnetic
characteristics and a thickness of the target. 30 15. A magnetron
sputtering apparatus as clainmed in chgim1l4, wherein polarity of the
vertical component of the magnetic field T's changed.in a.range r? t he
gradi ent of & he PemBOBEEXESnEBREFEr MREBRTALUS A] Fladged iny ?‘Y\,&ec aims

magnetron spud §r yRdre BRNHA St rdbut LdicEtnteéfisity of the component in
the direction pa'rallel to the plane of the target of the magnetic
field in said M-shaped form is arranged such that its minimum
value at the central portion between the magnetic poles (12,13)
is between 20% and 75% of its maximum value.

9 A magnetron sputtering apparatus as claimed in any of Claims
2 to 8 wherein the chané'_e in polarity of the component in the
direction perpendicular to the plane of the target of the
magnetic field between the magnetic poles (12, 13) occurs at a

position between the magnetic poles (12, 13) where the gradient
of said component in the direction perpendicular to the plane of

the target is small.

10 A magnetron sputtering apparatus as claimed in any of Claims
2 to 9 wherein the change in polarity of .the component in the
direction perpendicular to the plane of the target of the
magnetic field occurs at a position between the magnetic poles
(12, 13) in the vicinity of the position of the minimum value of
the component in the direction parallel to the plane of the
target in said trough of said M-shaped distribution form.

11 A magnetron sputtering apparatus as claimed in Claim 10,
wherein said vicinity is defired as the actual position of the
minimum value of the component in the direction parallel to the
plane of the target plus or minus 10% of the distance betwesen the

magnetic poles (12, 13).

12 A magnetron sputtering apparatus as claimed in Claim 3,
wherein a soft magnetic material in the form of a ribbon is
inserted into the slits to adjust the width of the slits.

13 A magnetron sputtering apparatus as claimed in any of Claims
1 to 5 or 8 to 12, wherein the target (11) is of ferromagnetic

material.
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-5- claim 14, wherein polarity of the vertical conponent of the magnetic
field is changed at a portion in the vicinity of a position indicating the
m ni nrum val ue at an internediate portion of the horizontal conponent

t hereof in the Mshaped form
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ABSTRACT OF THE DISCLOSURE

MAGNETRON SPUTTERING APPARATUS

A magnetron sputtering apparatus contains an inner
magnetic pole, an outer magnetic pole having a polarity
opposite tb that of the inner magnetic pole and arranged
to surround the inner magnetic pole, and a target
disposed on at least above the inner magnetic pole and
extending therefrom towards the outer magnetic pole. Each
of the magnetic poles is of a soft magnetic material
divided into plui-al discrete sections by a substance
having a narrow. width and a small permeability or by a
siit is mounted on a back side of the target between the
inner and outer magnetic poles so as to decrease the
gradient of a  vertical magnetic field at a central
portion between the inner and outer magnetic poles yet to
increase it at a pdrtion in the vicinity of the magnetic
poles and so as to make the distribution of intensity of
a horizontal component of the magnetic field in an
M-shaped form between the magnetic po_les. The number of
the sections of the soft magnetic material and the width
of the substance or the slit are set in accordance with

magnetic characteristics and a thickness of the target.

Fig. 1



