
MAGNETRON SPUTTERING APPARATUS 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 15  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 magnetron sputtering 20  device and
FIG.  19(b)  is a cross-sectional view showing the magnetron sputtering
device taken along line [err] of FIG.  19(a).  As  shown  in  FIG.  19,
reference  numeral  1 denotes  target composed of a non-magnetic material
or a 25  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 pole 2. To their bottom
portions is connected a 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 vacuum container. When 



the magnetron sputtering device is in use,  the container 35  is filled
with argon gas at low pressures and voltage is    2 applied between the
target and a substrate (not shown), such as a disc, thereby ionizing the
argon gas and generating electrons from the target surface. The argon ions
bombard the target to cause the target substance to be generated and to
form a thin film on a surface of the substrate.  The magnetic field formed
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 sputtering. 



For conventional magnetron sputtering devices having the configuration
described hereinabove, it is considered that the electrons caught around
the surface of the target 1 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 field configuration. Thus, occurrence of
erosion on the surface of the target 1 depends upon distribution of the
magnetic field over the upper surface of the target 1, in other words, upon
the  distribution of the horizontal  component  and the vertical component
of the magnetic field, with respect to the surface of the target. The term
"vertical" is herein used to refer to a direction perpendicular to the
plane of the target, and the term "horizontal" to a direction parallel to
the plane of the target. 



Fig. 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 ferromagnetic
material 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
shortened considerably. Several solutions to this problem have been
proposed. One of the solutions is to provide a large number of grooves on
the target 1 extending in its longitudinal direction to thereby    3
generate the horizontal component of the magnetic field over a 



full surface of the target 1 ("GT Target": Journal of Nippon Kinzoku
Gakkai, Vol. 1, No. 25, p. 562, 1986). This technique, however, presents
the disadvantage that formation of a large number of the longitudinal
grooves on the target 1 is laborious. We have found that a site where
erosion mainly develops corresponds well to the position where the polarity
of the vertical component of the magnetic field varies rather than the
distribution of intensity of the horizontal component thereof, namely, to
the position 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 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, 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 field becomes small.
When a ferromagnetic material is used as the target, if erosion of the
target 1 occurs, the leakage magnetic field becomes larger as shown in Fig.
21 and the gradient 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 accelerating local erosion. If it
is 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 poles.
In those occasions,  however, the electromagnet presents  the 



disadvantages that it is expensive in operating costs and the application
of electricity 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    4 magnetic flux generally spreads over the target
from the inner magnetic pole to the outer magnetic pole, the magnetic flux
density around the outer magnetic pole 3 tends to be decreased compared
with that around the inner magnetic pole. Thus, it is required that the
magnetic flux density of the outer magnetic pole 3 be made larger in order
to keep plasma on the target 



stable. It is to be noted that the outer magnetic pole required for
increasing the magnetic flux density comprises the total outer periphery of
the magnetron 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 soft
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
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
sufficienly 



high level in order to retain the plasma on 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 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 disposed such that centralization of the
magnetic flux around the inner magnetic pole is prevented in order to make
the magnetic lines of force as parallel as possible to the target surface
over the target and the vertical component of the magnetic field is not
rendered 



large around the inner magnetic pole.  Such magnetrons present    the
drawbacks that plasma is likely 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 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 magnetic 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 permanent 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
stable 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 and adapted: (a) to decrease, at a central
portion between the inner    6 and outer magnetic poles, a vertical (as
defined) component of a leakage magnetic field generated by the inner and
outer magnetic poles and emerging from the source of the target; (b) to
increase the said vertical component thereof at a portion around the
magnetic poles; and (c) to cause the distribution of intensity of the
horizontal  (as defined)  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 its central portion. In yet
further embodiments, the means may be composed of a permanent magnet which
has magnetization predominantly in the horizontal direction and which is
lower in height at its middle portion and becomes gradually    7 higher
towards its end portions, in other words which is arranged 



such that its central portion comes closer to the target and its end
portions are farther therefrom. 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) and 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
second 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  



to the invention,  in which the target is of a non-magnetic material; 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    means being
composed of permanent magnetic material; Figs. 19 (a) and (b) are,
respectively, a perspective view showing a conventional round magnetron,
and a cross-sectional view showing the same magnetron taken along line
[err] of Fig. 20(a); Fig. 20  is a perspective  view  showing a
conventional rectangular magnetron; Fig. 21 is a cross-sectional view
showing a typical erosion pattern formed when a ferromagnetic target is
sputtered using a 



conventional magnetron; Figs. 22 (a) and 22(b) are graphs showing the
distributions of  horizontal  and vertical  components  respectively  of
the magnetic field over the target of a conventional magnetron, in which
the target is of  ferromagnetic material; Figs. 23 is a cross-sectional
view showing an erosion pattern formed in a conventional magnetron having a
target of ferromagnetic material; 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
magnetron having a target of a non- 



magnetic material. The magnetron sputtering apparatus shown in Fig. 2(a)
comprises an inner magnetic pole 12 composed of a soft magnetic material
such as steel; and outer magnetic pole 13 disposed so    10 as to enclose
the inner magnetic pole 12; a permanent magnet 16 having magnetization
predominantly in one horizontal direction with respect of the target 11
disposed between the inner and 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.
However, 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 assembled if a plastic magnet made e.g.
of a rare earth metal 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  



field formed by the inner magnetic pole 2 and the outer magnetic pole 3.
The magnetization acts over the upper surface of the target  11 in such a
manner that the absolute value of the horizontal magnetic field and the
gradient 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 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 12 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.   More 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 be generated in
the opposite direction at the portions constituting the sections, thereby
regulating the intensity of magnetization of the  soft  magnetic body.   An
accurate control 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 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 a 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 Fig. 21 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. Accordingly, the plasma is localized at
the portion where erosion develops, and no plasma is caused to occur    12
on its both sides.  As a consequence, erosion proceeds with 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 magnetization 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 targets composed of non-magnetic materials, no influence is given upon
the distribution of the magnetic field 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 adjustment is
advantageous because its adjustment is simple. 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, 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. In the example as shown in Fig. 13, 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    13 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 is large,
compared with the former case. This example has the characteristic that
periodical changes in the sputtering rate can be small in particular when
the target is of ferromagnetic material. In 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 used a
permanent magnet 8F which has magnetization 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 shown
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    -
14 



concave face which is indented from its side end portions in  a stepwise
form.  This  example  has  substantially the same effect as the example as
shown in FIG. 17. In these apparatuses,   the  action  of  compensating
the  magnetic 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
is seen 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
[err] in  FIG. 20. As shown in FIG. 1, reference numerals 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' 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 horizontal   and   opposite   to   that   of   the   other 35
magnetization  as  shown  in FIG.  1.  The  inner and outer    magnetic
poles  12 and 13 may be  of a permanent magnet 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
of the magnetic 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  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 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 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 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. FIG.  4 shows an erosion pattern of
the target after the sputtering. FIGS. 22(a) and 22(b) show the same 30
distribution  patterns  and  FIG.   23  shows  an  erosion pattern in the
same conditions,  when  the same target  is applied to the conventional
magnetron as shown in FIG, 19 As  is apparent  from FIGS. 22(a)  and 22(b)
and FIG. 23 



erosion occurs locally for the conventional magnetron and 35  it develops
with accelerated velocity.  Furthermore,  it is    - 16 - found  that  the
region  where  plasma  is  closed  gets narrower   as   the  erosion
develops,   thereby   rapidly decreasing  the sputtering  rate  as  time
passes.  On  the contrary,    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 Gauss/cm (1 Gauss = [err])
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 indicating the minimum 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 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. 19 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 8 is narrowed so as to make the 35  gradient of the vertical
magnetic field virtually null at  



- 17 - a portion where the gradient of the vertical magnetic 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 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 8 is not so large at that portion. Furthermore, it is
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 



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 when the gradient of the
vertical magnetic field 20  is  set  to  an  appropriately  small  value
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 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 longest 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 20.3 cm (8-inch) diameter and a 6-mm thickness. 35  FIGS. 7(a), 7(b)
and 8 represent the distributions of the    - 18 - 



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. 5        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  as. in the  third
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-magnetic 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
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 vertical magnetic field is set to zero at a central
- 19 - portion between the two magnetic poles and the horizontal component
of the magnetic field is in an M-shaped form therebetween, as shown in
FIGS. 9(a) and 9(b), provided 



however that the maximum value of the horizontal component 5  at the
central portion is set to approximately 50%.  In this case, as is apparent
from FIG. 10, it has been found that erosion 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
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  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    - 20 - two magnetic poles, thereby permitting the
electrons to depart to some extent from the central portion. Some
experimental results have revealed that, in instances where the gradient of
the vertical 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 value of the M-shaped
horizontal 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 like in a ribbon form is inserted into the    - 21 - slits,
because this technique does not require that a large number of sections of
the soft magnetic body 8A be prepared.   It  is  also  preferred  that  an
appropriate substance having a small 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 present invention has
a sufficiently large degree of the magnetic flux around the outer 



magnetic pole, thereby permitting 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
considerable extent, as compared with a usual magnetron. Furthermore,   the
magnetron   sputtering   apparatus 30 according 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   



- 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 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 poles serves as avoiding local erosion of the target and
10 prolonging the target life to a considerable extent. In 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.    23
CLAIMS 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 material, 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 between 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.
24 3    A magnetron sputtering apparatus as claimed in Claim 2, wherein
said means (8) comprises a soft magnetic material divided 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 the low permeability substance or the slits being determined
in accordance with the magnetic characteristics and the thickness of the
target.(11). 



4   A magnetron sputtering apparatus as claimed in Claim 2, wherein 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. 5    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 sputtering
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).    25 



8    A magnetron sputtering apparatus as claimed in any of Claims 2 to 7
wherein the distribution of intensity of the component in the direction
parallel 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 change 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 defined 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 between 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. This is the
replacement sheet    -4- 13. A magnetron sputtering apparatus as claimed in
any one of claims 1 to 5 and 8 to 12, wherein the target is of
ferromagnetic material. 5    14.  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 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 discrete sections by a substance having a narrow
width and a small permeability or by a slit is mounted on a 15 back side of
the 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 distribution of intensity of a horizontal component of 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   



-5- claim 14, 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 component
thereof in the M-shaped form.    










