
WO 03/023814 PCT/US02/28403  FLAT MAGNETRON BACKGROUND OF THE INVENTION  5
Field of the Invention This invention relates to apparatus for, and methods
of, depositing materials on a  substrate. More particularly, the invention
relates to apparatus for, and methods of, sputtering  atoms from a target
for a deposition of the sputtered atoms on a substrate. The invention
provides for a sputtering of a considerably greater percentage of the
material from the target  10 than in the apparatus of the prior art.
BACKGROUND OF PREFERRED EMBODIMENTS OF THE INVENTION  Integrated circuit
chips are formed from a plurality of layers. Some of the layers may  15 be
electrically insulating and other layers may be electrically conductive.
Each of the layers may be formed by providing a magnetron to deposit atoms
of a preselected material on a  substrate. The preselected material may be
obtained from a target formed from the preselected  material, the target
being disposed in a cavity. 20 Electrical and magnetic fields are provided
in the cavity. Electrons in the cavity  respond to the combination of the
electrical and magnetic fields to ionize molecules of an inert  gas
introduced into the cavity. The gas ions are attracted to the target with a
sufficient energy  to sputter atoms from the surface of the target. The
sputtered atoms become deposited on the  substrate. 25 In order to provide
an optimum efficiency in the sputtering of atoms from the target,  the
magnetic flux lines should extend through and also just above the target in
substantially the  same direction as the disposition of the target in the
magnetic field. This has not occurred in  the magnetrons of the prior art.
As a result, only about thirty-five percent (35%) of the WO 03/023814
PCT/US02/28403  2 



material has been sputtered from the targets in magnetrons of the prior
art. Targets are expensive. The sputtering from the targets of the prior
art of approximately  only thirty-five percent (35%) of the material in the
targets represents a significant cost to an 5 organization which is using
the targets to deposit layers of material on a substrate.  Furthermore, it
is time-consuming, and therefore costly, to set up a magnetron to deposit a
layer of material from a target on a surface of a substrate. It would
accordingly be desirable to  provide a magnetron in which substantially all
of the material in a target is sputtered on the  surface of a substrate. 10
BRIEF DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION  An electric
field is provided in a first direction between an anode and a target having
a  flat disposition. A magnetic field is provided by a magnet structure
such that the magnetic 15 flux lines are in a second direction
substantially perpendicular to the first direction. The  magnet structure
may be formed from permanent magnets extending radially in a horizontal
direction, like the spokes in a wheel, and from magnetizable pole pieces
extending vertically  from the opposite ends of the horizontally disposed
permanent magnets. The horizontal  permanent magnets and the vertical
magnetizable walls define a well. 20 The target is disposed in the well so
that its flat disposition is in the same direction as  the magnetic flux
lines. Molecules of an inert gas flow through the well. Electrons in the
well  move in a third direction substantially perpendicular to the first
and second directions. The  electrons ionize gas molecules. The ions are
attracted to the target and sputter atoms from the 25 surface of the
target. The sputtered atoms become deposited on a substrate. Reflectors in
the  well near the radially outer magnetizable walls of the magnet
structure, and also in one  embodiment near the radially inner magnetizable
walls of the magnet structure, prevent  electrons from striking the magnet
structure. The reflector(s) and the anode are cooled by a  fluid (e.g.
water). 



WO 03/023814 PCT/US02/28403  3 The resultant magnetron sputters as much as
65% of the material from the target on the  substrate in contrast to a
sputtering of approximately 35% of the material from the targets on
substrates in the prior art. 5 BRIEF DESCRIPTION OF THE DRAWING Figure 1
schematically illustrates a portion of a magnetron of the prior art for
producing a magnetic field which is used in combination with an electrical
field (not shown)  for sputtering atoms from a target for a deposition of
the atoms on a surface of a substrate; 10 Figure 2 schematically
illustrates another magnetron of the prior art for sputtering  atoms from a
surface of a target for a deposition of the atoms on a surface of a
substrate;  Figure 3 is an elevational view schematically showing a portion
of a target which is included in the magnetron shown in Figure 2 and which
is provided with its original shape  before any sputtering of atoms from
the surface of the target; 15 Figure 4 is an elevational view schematically
illustrating the portion of the target  shown in Figure 3 after the maximum
amount of atoms has been sputtered from the surface of  the target by the
prior art magnetron shown in Figure 2; Figure 5 is a perspective view of a
target which is used in a preferred embodiment of a  magnetron constituting
this invention; 20 Figure 6 is a sectional view of a portion of the target
shown in Figure 5 and is taken  substantially on the line 6-6 of Figure 5;
Figure 7 is a sectional view similar to that shown in Figure 6 and shows
the portion of  the target after the maximum amount of material has been
sputtered from the target by the  preferred embodiment of the magnetron
constituting this invention; 25 Figure 8 is a schematic elevational view
showing the target and an anode and an  electrical field (in broken lines)
produced between the anode and the target in the preferred  embodiment of
the magnetron constituting this invention and shown in Figures 5-7; 



Figure 9 is a schematic elevational view of the anode, the target and a
magnet structure  in which the target is disposed in the preferred
embodiment of the invention; WO 03/023814 PCT/US02/28403  4 Figure 10 is a
schematic elevational view similar to that shown in Figure 9 and shows
magnetic flux lines in a magnetic field produced by a magnet structure
included in a preferred  embodiment of the magnetron constituting this
invention; Figure 11 is a perspective view of the magnet structure shown in
Figure 10 and a  5 support for the magnet structure; Figure 12 is a
schematic elevational view showing the anode, the target and the magnet
structure and further showing reflectors for preventing charged particles
from reaching the  magnet structure and additionally showing elements for
cooling the anode and the reflectors  and also showing the path of
introducing gas molecules into a well defined by the magnet 10 structure;
Figure 13 is a perspective view showing in additional detail the cooling
system for one  of the reflectors and for the target and the anode shown in
Figure 12. DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE  15
INVENTION Figure 1 illustrates on a simplified basis a portion of a prior
art embodiment, generally  indicated at 10, of a magnetron of the prior
art. The prior art embodiment 10 includes a target  12 made from a material
to be sputtered on a surface 14 of a substrate 16. Integrated circuits 20
are provided on the substrate 16 by depositing successive layers of
materials (e.g., titanium,  copper or silicon) from different targets such
as the target 12. A plurality of magnets 18, 20 and 22 are disposed in a
spaced relationship to one  another and in a contiguous relationship to the
target 12. The magnets 18, 20 and 22 may  25 respectively have north, south
and north poles in contiguous relationship to the target 12. Thus, flux
lines 24 (shown in broken lines) extend between the magnets 18 and 20 and
flux  



lines 26 (shown in broken lines) extend between the magnets 20 and 22. The
flux lines 24 and  26 intersect the target 12 in a direction having a major
component perpendicular to the target  12. The components of the flux lines
perpendicular to the target are not active in facilitating WO 03/023814
PCT/US02/28403  5 the sputtering of atoms from the target 12 since they are
in the same direction as an electrical  field (not shown). The component of
the flux lines 24 parallel to the target 12 are active in  facilitating the
deposition of sputtered atoms from the target 12 on the substrate 16. 5
Figure 2 illustrates on a simplified basis another embodiment, generally
indicated at  30, of a magnetron of the prior art. The prior art magnetron
30 may include a pair of targets  32 and 34 which may be spaced from a
grounded shield 35. Each of the targets 32 and 34 may  be provided with a
suitable configuration such as a hollow frusto-conical configuration. The
target 32 may be more closely spaced to the shield 35 than the target 34
and may be disposed 10 on the same axis as the target 34. The target 32 may
be provided with a greater radius than the  target 34. The targets 32 and
34 may be made from the material which is to be deposited in a  layer on a
surface 35 of a substrate 36. For example, the targets 32 and 34 may be
made from  copper when the copper layer is to be deposited on the surface
35a of the substrate 36. 15 An anode 39 is disposed in a spaced
relationship to the target 34, preferably in a  coaxial relationship with
the targets 32 and 34. A cavity 37 is produced between the anode 39  and
the targets 32 and 34. A positive voltage difference may be produced
between the anode  39 and the targets 32 and 34 as from a voltage source
38. This voltage difference between the  anode 39 and the targets 32 and 34
produces an electrical field. This electrical field causes 20 electrons to
be produced in the cavity 37 defined by the anode 36 and the targets 32 and
34.  Magnets 40 may be disposed relative to the targets 32 and 34 to
produce a magnetic field in a  substantially perpendicular relationship to
the electrical field between the anode 36 and the  targets 32 and 34. 25
Molecules of an inert gas such as argon are introduced as at 42 into the
cavity 37 where  



the electric and magnetic fields are provided. These molecules are ionized
by electrons in the  cavity 37. The ionization of the argon molecules is
facilitated because the electrons travel in a  spiral path in the cavity as
a result of the transverse relationship between the magnetic and
electrical fields, thereby increasing the tendency of the electrons to
strike and ionize gas WO 03/023814 PCT/US02/28403  6 molecules. The
positive ions of argon travel to the targets 32 and 34 and cause atoms to
be  sputtered from the surfaces of the targets. These atoms move to the
exposed surface 35a of the  substrate 36 and become deposited on this
surface. 5 As will be seen schematically at 44 in Figure 2, magnetic flux
lines move through the  targets 32 and 34 in Figure 2. The magnetic flux
lines 44 are transverse to a surface 32a of the  target 32 and to a surface
34a of the target 34. The surfaces 32a and 34a are the surfaces from  which
the atoms in the targets 32 and 34 are sputtered. 10 The transverse
relationship between the flux lines 44 and the surfaces 32a and 34a  limits
the rate at which the argon ions are produced by the electrons and the rate
at which the  argon ions sputter atoms from the surfaces 32a and 34a for
deposition on the surface 35 of the  substrate 36. Furthermore, this
transverse relationship limits the amount of the material which  can be
sputtered from the surface 32a of the target 32 and from the surface 34a of
the target 34.  15 Figure 3 indicates a portion of the target 32 on a
schematic basis. The amount of the  material sputtered from each of the
targets is indicated at 48 in Figure 4. In the prior art, the  amounts of
the material sputtered from each of the targets 32 and 34 is about
thirty-five 20 percent (35%). This is considerably less than optimal since
it would be preferable to sputter  almost all of the material from each of
the targets 32 and 34. Since the targets 32 and 34 are costly, the cost of
depositing successive layers on the  surface 35a of the substrate 36 is
significantly increased. Furthermore, the time for setting up  25
successive ones of the targets 32 and 34 becomes considerably increased
because only a 



relatively small amount 48 of material is sputtered from each of the
targets. A magnetron generally indicated at 50 (Figures 9 and 12)
constitutes a preferred  embodiment of the invention. The magnetron 50
provides a distinctive improvement over the WO 03/023814 PCT/US02/28403  7
prior art because it includes a target 52 (Figures 5-7) having a flat
disposition and because it  provides a magnetic field with magnetic flux
lines 54 (Figure 10) which extend in a flat  disposition through the target
and also just above the target in a direction corresponding to the  flat
disposition of the target. This is advantageous because it enhances the
rate at which the 5 atoms are sputtered from the target and are deposited
on a surface 56 (Figure 9) of a substrate  58. Furthermore, the amount of
the material sputtered from the target 52 is on the order of  sixty-five
percent (65%). This is almost double the amount of the material which is
sputtered  from the target 12 in Figure 1 of the prior art and from the
targets 32 and 34 in Figure 2 of the  prior art. 10 The magnetron 50
includes a housing (generally indicated at 60 in Figure 9) in which  the
components in the preferred embodiment of the invention are disposed. These
components  include an anode 62 (Figures 9, 10 and 12) which may be
provided with a voltage in the range  of a ground potential (0 volts) to a
positive voltage such as approximately sixty volts (60V). 15 The anode 62
may be made from a suitable material such as copper. The target 52 is
spaced from the anode 62 . The target 52 and the anode 62 define a  cavity.
The target 52 is made from a material which is sputtered by the magnetron
50 on a  surface 57 of the substrate 58. The target 52 may be provided with
a suitable potential such as 20 minus five hundred volts (-500V.), which is
negative relative to the voltage on the anode 62.  The target 52 may be
provided with a cylindrical configuration such as a disc-like
configuration having an opening 64 (Figure 5) at the center of the disc.
The difference in the  voltages on the anode 62 and the target 52 causes an
electrical field 66 to be produced between  



the anode and the target. The electrical field 66 is indicated
schematically in broken lines in 25 Figure 8. As will be seen, the
electrical field 66 is substantially perpendicular to the planar  surfaces
at the top and bottom of the target. A magnet structure generally indicated
at 68 in Figure 9 is displaced from the target 52  and is displaced on a
support 69 (Figure 11) having a horizontal support surface. The magnet WO
03/023814 PCT/US02/28403  8 structure 68 may be provided with a suitable
electrical potential such as ground. The magnet  structure is provided with
an annular configuration and with an opening 70 at the center of the
annulus. The magnet structure includes permanent magnets 72 which extend
radially  outwardly in a horizontal direction in a configuration
corresponding to the spokes of a wheel. 5 This is shown in Figures 9, 14
and 15. Magnetizable pole pieces 74 extend upwardly from the  horizontally
disposed permanent magnets 72 at the radially outward end of the
horizontally  disposed permanent magnets. In like manner, magnetizable pole
pieces 76 extend upwardly  from the horizontally disposed permanent magnets
72 at the radially inner end of the horizontally disposed permanent
magnets. The support 69 and the upwardly extending pole 10 pieces 74 and 76
define a well 78 (Figure 9). The target 52 is horizontally disposed in the
well  78 in spaced relationship to the permanent magnets 72 and the
magnetizable pole pieces 74  and 76. As will be appreciated, the pole
pieces 74 and 76 are magnetized by the permanent  magnets 72. 15 The
magnetic flux lines 54 (Figure 10) flow through the upwardly disposed pole
pieces  74, the horizontally disposed permanent magnets 72 and the upwardly
disposed pole pieces 76  and across the spaces in the well 78 between the
upwardly disposed pole pieces 74 and 76. As  will be seen in Figure 10, the
magnetic flux lines 54 are flat and substantially horizontal. The  flat and
substantially horizontal magnetic flux lines 54 are concentrated in and
near the target 20 52. This causes a force to be produced on the electrons
in the well 78 at right angles to the  direction of the flux lines 54. 



The electrons move in a direction substantially perpendicular to the
electrical field 66  and the magnetic flux lines 54. This direction is
horizontal and substantially perpendicular to  25 the plane of the paper.
The electrons may follow a helical path in moving in this direction. This
helical path enhances the probability that the electrons will strike and
ionize molecules of  an inert gas such as argon in the well 78. The argon
molecules pass into the housing 60  through a conduit 80 (Figure 9) and
move through the space between the anode 62 and the  vertically disposed
pole pieces 74 and 76 of the magnet structure 68 for exit from the housing
WO 03/023814 PCT/US02/28403  9  60. The argon ions are attracted to the
target 52 which is at a negative potential relative to  the positive charge
on the argon ions. The argon ions are particularly attracted to the target
52  5 because they are relatively close to the target 52 and because the
target has a negative voltage of approximately minus five hundred volts
(-500 V.). The argon ions move to the surface of  the target 52 and sputter
atoms from the surface of the target. These atoms move to the surface  57
(Figure 9) of the substrate 58 and become deposited on the substrate
surface. 10 The production of the magnetic flux lines 54 in the same
direction as the disposition of  the target 52 offers certain important
advantages. One advantage is that approximately sixty- five percent (65%)
of the material in the target 52 is sputtered from the target. This is in
contrast to the sputtering of only approximately thirty-five percent (35%)
of the target material  in the magnetrons of the prior art. This is
particularly significant because targets such as the  15 target 52 are
quite expensive. Another advantage of the magnetron 50 is that the rate of
sputtering atoms from the  surface of the target 52 and depositing the
sputtered atoms on the surface 57 of the substrate 58  is enhanced. This
also results from the production of the magnetic flux lines 54 in the same
20 direction as the disposition of the target 52 and from the passage of
the flux lines through and  near the target. 



A reflector 82 (Figures 9 and 12) is disposed within the well 78 in close
proximity to  the upwardly extending pole pieces 74 of the magnet structure
68 and is preferably provided  25 with a negative potential approximating
the negative potential of the target 52. The reflector 82 preferably
extends vertically to a position at or above the top of the pole pieces 74.
The  reflector 82 prevents electrons from reaching the upwardly extending
pole pieces 74. It is  undesirable for electrons to reach the upwardly
extending pole pieces 74 because the  deposition of the electrons on the
pole pieces may affect the ground potential on the pole WO 03/023814
PCT/US02/28403  10 pieces and may affect the magnetic properties of the
magnet structure 68. A reflector 84 may also be provided in close proximity
to the upwardly extending pole  pieces 76 of the magnet structure 68 to
perform the same functions relative to the pole pieces  5 as the reflector
82 provides for the pole pieces 74. The reflector 84 preferably extends to
a height at or above the height of the upwardly extending pole pieces 76.
The reflector 84 is  preferably provided with a negative potential
approximately that of the target 52. The reflectors 82 and 84 are
preferably cooled. The cooling of the reflector 82 may be  10 provided by a
cooling system generally indicated at 86 in Figure 13. The system 86
includes  an input nozzle 88 for providing water at a vertical level
corresponding approximately to the  level of the target 52. An input
conduit 90 extends upwardly from the input nozzle 88 to an  annular
passageway 92 at or near the top of the upwardly extending permanent
magnets 74.  The annular passageway encircles the target 52. Approximately
half of the water flows around 15 the passageway 92 in a clockwise
direction, as indicated at 94, to an output conduit 96 and the  other half
of the water flows in a counterclockwise direction, as indicated at 98, to
the output  conduit 96. The water then flows downwardly in the output
conduit 96 to an output nozzle  100. A system, generally indicated at 102
(Figure 12), corresponding to the system 86 is  provided for the reflector
84. 20 



The anode 62 may have a T-shape with a crown portion 62a and a stem portion
62b  (Figure 12) extending integrally from the crown portion into the space
defined within the  vertical portion 76 of the magnet structure 68. The
stem portion 62b extends into a cooling  block 104 which may be made from a
suitable material such as copper. The block 104 maybe 25 cooled as by a
flow of water as at 106 to cool the anode 62. Figure 16 is an elevational
view, partially in section, showing a preferred modification,  generally
indicated at 200, of the preferred embodiment shown in Figures 1-15. The
preferred  modification 200 includes the permanent magnets 72 which extend
into an undercut portion WO 03/023814 PCT/US02/28403  11 202 of a hollow
sleeve 204. The sleeve 204 is preferably made from a suitable material such
as steel to constitute pole pieces corresponding to the pole pieces 74. In
this way, the  magnetic field produced by the permanent magnets 72 is
extended to enhance the strength of  the magnetic field. 5 A hollow
insulator 208 is disposed within the hollow sleeve 204 and an anode 210 is
disposed within the hollow insulator 208. The anode 210 may be made from a
suitable  material such as copper. A cooling block 212 corresponding to the
cooling block 104 in  Figure 12 may be disposed in contiguous relationship
to the bottom of the anode 210 and may 10 be cooled as by a flow of water
as at 214 to cool the anode 210. Figure 17 is an elevational view, partly
in section, showing another preferred  modification, generally indicated at
220, of the invention. In the preferred modification 220,  the permanent
magnets 72 extend into an undercut portion 222 of the permanent magnets 74
to 15 enhance the length of the magnetic field. A preferred embodiment may
include only the  reflector 84 which extends upwardly at a position
radially within, but close to, the magnetic  pole pieces 74. The preferred
embodiment may not include the reflector 82 at the inner end of  the magnet
structure 68. A reflector at the inner end of the magnet structure 68 may
not be  



needed because electrons are reflected by the intense magnetic field
(magnetic mirror effect) at  20 the inner pole piece 76. Although this
invention has been disclosed and illustrated with reference to particular
preferred embodiments, the principles involved are susceptible for use in
numerous other  embodiments which will be apparent to persons of ordinary
skill in the art. The invention is, 25 therefore, to be limited only as
indicated by the scope of the appended claims. WO 03/023814 PCT/US02/28403
12  WHAT IS CLAIMED IS: 1. Apparatus for providing sputtered atoms for
deposition on a substrate,  including 5 a target, an anode having a
positive potential relative to the potential on the target to  produce an
electrical field between the target and the anode in a first direction, and
a magnet structure disposed relative to the anode and the target for
producing a  magnetic field in a second direction substantially
perpendicular to the first direction, 10 the target being disposed in a
direction corresponding substantially to the  direction of the magnetic
field. 2. Apparatus as set forth in claim 1 wherein the magnet structure
defines a cavity and wherein 15 electrons move in the cavity in a third
direction substantially perpendicular to  the first and second directions
and wherein molecules of an inert gas are introduced into the cavity for
ionization by the  electrons in the cavity and for movement of the ions to
the target to sputter atoms from the  surface of the target for movement of
the sputtered atoms to the substrate. 20 3. Apparatus as set forth in claim
2 wherein 



the magnet structure cooperates with the anode and the target in defining
the  cavity. 25 4. Apparatus as set forth in claim 3 wherein a reflector is
disposed in the cavity in a spaced relationship to the magnet  structure
for preventing the electrons from escaping from the cavity. WO 03/023814
PCT/US02/28403  13 5. Apparatus as set forth in claim 1, including, a
reflector disposed in the cavity relative to the magnet structure, and
having a  potential relative to the potential of the target, for reflecting
electrons to prevent the electrons  from reaching the magnet structure. 5
6. Apparatus as set forth in claim 2, wherein the magnet structure
cooperates with the anode and the target in defining the  cavity and
wherein a reflector is disposed in the cavity relative to the magnet
structure, and has a  10 potential relative to the potential of the target,
for preventing electrons from escaping from the  cavity. 7. Apparatus for
providing sputtered atoms for deposition on a substrate,  including, 15 a
target, an anode displaced from the target and defining a cavity with the
target and co- operating with the target to define an electrical field
between the target and the anode in a first  direction, and a magnet
structure disposed relative to the anode and the target to provide 20
magnetic lines of force in a second direction substantially perpendicular
to the first direction,  the target being disposed relative to the magnet
structure to provide for the  



passage of the magnetic lines of force through and adjacent above the
target in a planar  relationship to the target. 25 8. Apparatus as set
forth in claim 7, including, the magnet structure being provided with
permanent magnets having opposite  ends and with first and second pole
pieces respectively extending from the opposite ends of  the permanent
magnets in a direction transverse to the permanent magnets to define a
well, and the target being disposed within the well defined by the magnet
structure. WO 03/023814 PCT/US02/28403  14 9. Apparatus as set forth in
claim 8, including, the pole pieces of the magnet structure extending in
substantially the first  direction, and the target extending within the
well in substantially the second direction.  5 10. Apparatus as set forth
in claim 8, including, the anode and the magnet structure defining a
cavity, and a conduit for introducing molecules of a gas into the cavity
for ionization of the  gas molecules in the cavity. 10 11. Apparatus as set
forth in claim 9, including, a reflector disposed within the well defined
by the magnet structure for  inhibiting the movement of electrons from the
well (cavity). 15 12. Apparatus as set forth in claim 9, including: the
anode and the magnet structure defining a cavity, a conduit for introducing
molecules of a gas into the cavity for ionization of the  gas molecules in
the cavity, and a reflector disposed within the cavity in spaced
relationship to the first and 



20 second pole pieces of the magnet structure for inhibiting the movement
of electrons from the  cavity. 13. Apparatus as set forth in claim 9,
including the target and the reflector having a negative potential relative
to a potential on  25 the anode, and the first and first pole pieces of the
magnet structure extending from the  permanent magnets of the magnet
structure in a substantially perpendicular relationship to  permanent
magnets of the magnet structure. WO 03/023814 PCT/US02/28403  15 14. In
apparatus for providing sputtered atoms for deposition on a substrate, a
magnet structure having permanent magnets with opposite ends and having
first and first pole pieces which respectively extend from the opposite
ends of the permanent  magnets in a transverse direction relative to the
permanent magnets to define a well, and 5 a target disposed within the well
defined by the magnet structure.  15. In apparatus as set forth in claim
14, the first and second pole pieces having opposite magnetic polarities to
provide  magnetic flux between the second and second pole pieces, 10 the
target being disposed within the well in an aligned relationship with the
magnetic flux extending between the second and second pole pieces of the
magnet structure.  16. In apparatus as set forth in claim 14, pole pieces
of the magnet structure defining a plurality of permanent magnetic  15
spokes each of which extends between the first pole pieces of the magnet
structure and the  second pole pieces of the magnet structure at angular
positions spaced from the angular  positions of the other ones of the pole
pieces of the magnet structure. 17. In apparatus as set forth in claim 14,
20 the target being defined by a cylinder having a central opening with
dimensions  



for the second pole pieces of the magnet structure to extend through the
central opening, and  the first and second pole pieces of the magnet
structure being substantially perpendicular to the pole pieces of the
magnet structure.  25 18. In apparatus as set forth in claim 15, the pole
pieces of the magnet structure defining a plurality of permanent  magnetic
spokes each of which extends between the first pole pieces of the magnet
structure  and the second pole pieces of the magnet structure at angular
positions spaced from the  angular positions of the other ones of the pole
pieces, WO 03/023814 PCT/US02/28403  16 the target being defined by a
cylinder having a central opening with dimensions  for the second pole
pieces of the magnet structure to extend through the opening, and the first
and second pole pieces of the magnet structure being substantially
perpendicular to the pole pieces of the magnet structure. 5 19. In
apparatus for providing sputtered atoms for deposition on a substrate, a
magnet structure having pole pieces with opposite ends and having second
and second pole pieces each extending from an individual one of the
opposite ends of the pole  pieces in a transverse direction to the pole
pieces, the first and second pole pieces of the 10 magnet structure having
opposite magnetic polarities.  20. In apparatus as set forth in claim 19,
the magnet structure defining an annulus and the second pole pieces of the
magnet structure defining an opening at the radial center of the annulus
and the permanent  15 magnets extending between the second and second pole
pieces in directions defining radial  spokes. 21. In apparatus as set forth
in claim 19, the first and second pole pieces of the magnet structure
extending from the pole  



20 pieces of the magnet structure in a direction substantially
perpendicular to the pole pieces of  the magnet structure. 22. In apparatus
as set forth in claim 19, the first pole pieces of the magnet structure
defining an annulus having a first  25 diameter and the second pole pieces
of the magnet structure defining a second annulus having  a second diameter
less than the first diameter and having spaced positions on the second
annulus. WO 03/023814 PCT/US02/28403  17 23. In apparatus as set forth in
claim 20, the first and second pole pieces of the magnet structure
extending from the pole  pieces of the magnet structure in a direction
substantially perpendicular to the pole pieces of  the magnet structure,
and 5 the first pole pieces of the magnet structure defining an annulus
having a first  diameter and the second pole pieces of the magnet structure
being disposed in a second  annulus having a second diameter less than the
first diameter and being defined by spaced  positions on the second
annulus. 10 24. Apparatus for providing sputtered atoms for deposition on a
surface of a  substrate including an anode and a target disposed relative
to each other and having relative  potentials for creating an electrical
field in a first direction, 15 a magnet structure disposed relative to the
anode and the target for creating a  magnetic field having lines of flux
extending in a second direction substantially perpendicular  to the first
direction, the target being disposed in the second direction in the
magnetic field, the electrical and magnetic fields being disposed in a
cooperative relationship  



20 to produce a movement of electrons in a third direction substantially
perpendicular to the first  and second directions, and a conduit for
passing molecules of an inert. gas into the electrical and magnetic  fields
to obtain an ionization of the gas molecules by the electrons and to obtain
a sputtering of  atoms from the target by the ionized gas molecules for
deposition of the sputtered atoms on the  25 surface of the substrate. 25.
Apparatus as set forth in claim 24, including a reflector disposed relative
to the magnetic structure to prevent electrons from  reaching the magnetic
structure. WO 03/023814 PCT/US02/28403  18 26. Apparatus as set forth in
claim 24 wherein the target and the reflector have a negative potential
relative to a potential on  the anode. 5 27. Apparatus as set forth in
claim 25 wherein a conduit is provided for moving fluid past the reflector
to cool the reflector.  28. Apparatus as set forth in claim 24 wherein the
magnet structure is provided with inner and outer pole pieces defining a
10 plurality of spokes extending between the inner and outer pole pieces in
a spaced relationship  to one another and wherein reflectors are disposed
adjacent the inner and outer pole pieces of the magnet  structure to
prevent electrons from reaching the magnetic structure. 15 29. Apparatus as
set forth in claim 25 wherein the target and the reflector have a negative
potential relative to a potential on  the anode and wherein the target and
the reflector are at substantially the same negative potential  relative to
the potential on the anode. 



20 30. A method of providing sputtered atoms for deposition on a substrate
including  the steps of: providing a target having a flat disposition, 25
providing an electrical field in the vicinity of the flat target in a first
direction  substantially perpendicular to the flat target, providing a
magnetic field in the vicinity of the target in a second direction
substantially perpendicular to the first direction and in substantially the
same direction as the  flat disposition of the target, and WO 03/023814
PCT/US02/28403  19 introducing molecules of a gas into the vicinity of the
target for an ionization of  the gas molecules and for a sputtering of
atoms from the surface of the target by the gas ions.  31. A method as set
forth in claim 30 wherein 5 the magnetic field is provided within a well
and wherein  the target is disposed within the well. 32. A method as set
forth in claim 30 wherein electrons in the vicinity of the target are
subjected to the electrical and magnetic  10 fields to provide for the
movement of the electrons in a spiral path in a direction substantially
perpendicular to the electrical and magnetic fields to facilitate the
ionization of the gas  molecules by the electrons. 33. A method as set
forth in claim 30 wherein 15 lines of flux in the magnetic field extend
linearly through, and also adjacent, the  target in substantially the same
direction as the flat disposition of the target. 34. A method of providing
sputtered atoms for deposition on a substrate including  the 



20 steps of: providing a target having a flat disposition, providing an
electrical field in the vicinity of the flat target in a first direction
substantially perpendicular to the flat disposition of the target,
providing a magnetic field in the vicinity of the target in a second
direction  25 substantially perpendicular to the first direction and in
substantially the same direction as the  flat disposition of the target,
introducing molecules of a gas into the vicinity of the target for an
ionization of  the gas molecules and for a sputtering of atoms from the
surface of the substrate by the gas  ions wherein WO 03/023814
PCT/US02/28403  20 the magnetic field is provided within a well and wherein
the target is disposed within the well and wherein lines of flux in the
magnetic field extend linearly through, and also adjacent, the  target in
substantially the same direction as the flat disposition of the target. 5
35. A method of providing sputtered atoms for deposition on a substrate
including  the steps of. providing an electric field in a first direction,
10 providing a magnetic field having lines of flux extending in a second
direction  substantially perpendicular to the first direction to obtain a
flow of electrons in a path  substantially perpendicular to the first and
second directions, disposing a target in the electrical and magnetic fields
in the second direction,  and 15 passing molecules of a gas into the
electrical and magnetic fields to obtain an  



ionization of the gas molecules and a movement of the gas ions to the
target for a sputtering of  atoms from the surface of the target. 36. A
method as set forth in claim 35 wherein 20 a substrate is disposed relative
to the target to obtain a deposition on the  substrate of the atoms
sputtered from the target. 37. A method as set forth in claim 35 wherein
the magnetic field is produced substantially in a space defining a well and
25 wherein the target is disposed in the well and wherein the electrical
field extends into the well to the target in the first direction. WO
03/023814 PCT/US02/28403  21 38. A method as set forth in claim 35 wherein
the rate of deposition of the sputtered atoms on the substrate is
controllable by  adjusting at least one of the intensity of the electrical
field and the rate of flow of the gas  molecules into the electrical and
magnetic fields. 5 39. A method as set forth in claim 37 wherein a
substrate is disposed relative to the target to obtain a deposition on the
substrate of the atoms sputtered from the target and wherein the rate of
deposition of the sputtered atoms on the substrate is controllable by  10
adjusting at least one of the intensity of the electrical field and the
rate of flow of the gas  molecules into the electrical and magnetic fields.
40. A method of providing sputtered atoms for deposition on a substrate,
including  the steps of: 15 providing an electrical field in a first
direction, providing a magnetic field having lines of flux extending in a
second direction  



substantially perpendicular to the first direction, disposing a target in
the second direction in the electrical and magnetic fields,  and 20 passing
molecules of an inert gas into the electrical and magnetic fields to
obtain an ionization of the gas molecules by electrons in the electrical
and magnetic fields and  to obtain a sputtering of atoms from the target by
the gas ions and a disposition of the  sputtered atoms on the substrate. 25
41. A method as set forth in claim 40, including the step of. reflecting
the electrons to maintain the electrons within the electrical and  magnetic
fields. WO 03/023814 PCT/US02/28403  22 42. A method as set forth in claim
41 wherein the step of reflecting is provided by disposing a reflector in
the magnetic field  and wherein the reflector is cooled.  5 43. A method as
set forth in claim 40 wherein the target is provided with a disc-like
configuration having a central opening  and wherein the magnetic field is
produced within a well defined by inner and outer radii of  10 a magnet
structure and wherein the target is disposed in the well between the inner
and outer radii of the well.  44. A method as set forth in claim 43
including the step of reflecting the electrons to maintain the electrons
within the electrical and  magnetic fields. 


