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Accordingy, a need has existed for an improved method for the magnetron
sputtering of ferro- Magnetron sputtering of ferromagnetic material
magneticateterials that would preserve the desired -   -.
nonmagnetic properties of the materials..  . 5 This invention relates to a
method for producing a:.   70 . It is an object of this invention to
provide a method magnetron sputtered film having the properties of a   and
a cathode target for the magnetron sputter ferromagnetic material.
. deposition of nickel or other ferromagnetic materials -There are a number
of techniques used in industry  which will preserve the desired.nonmagnetic
prop- forthe deposition of thin films. The specific techni-  erties of the
ferromagnetic material. :10 que selected depends upon the
particularapplica-  75   The magnetron sputtering of ferromagnetic.mate-
tion and might include high vacuum evaporation,      rials can be
accomplished by using as a target chemical vapour deposition,plating, or
sputtering.    material a properly selected alloy of that m.aterial. Eaeh
of these techniques offers some uniqueadvan-     The alloy selected must
have a Curie temperature stages Forexample, almost any material can be
that Is lower than the temperature maintained by the 15 deposited by
sputtering, including both metals and.   80 target priorto or during the
sputtering process.The insulators. With sputtering, alloys and mixtures
can.  alloy selected must also be one that preserves the be deposited
withoutfractionation and with the      - other desirable properties ofthe
ferromagnetic assurance that film composition will remain consis-  material
itself. Specifically, nickel Can be deposited tent from run to run. The
source material will last for  : by  agnetron sputtering by formin an alloy
of 20 a large number of depositions without replenish-    85 nickel with
about thirty to thirty-five atomic percent ment Also a further advantage of
certain modes of  ., .of copper. This alloy has a Curie temperature which
sputtering is that the deposition is done at a.       is below the normal
sputtering temperature, but the relatively low temperature so that films
can be       alloy still retains the desirable properties of nickel in
applied to a number of materials that would be        terms of stiffness,
thermal heat transfer, corrosion 25 adversely affected by the temperature
that might be    90 resistance, and solderability. encountered with other
deposition methods.            ..Thus, according to one aspect of the
invention Two problems associated with classical sputter      there is
provided a method or producing a. magnet- deposition are the low deposition
rate and the poor  . ron sputtered film having the properties of a ferro-
power efficiency. For the most part, these problems  magnetic material and
which comprises using a 30 have'been: overcomeby the recent advances in
high    95 cathode target formed of said ferromagnetic mate- rate magnetic
assisted or magnetron sputtering.       rial alloyed with a
non-ferromagnetic material to With- magnetron sputtering, magnets are
located     lower the Curie temperature.of the alloy to less than behind
the cathode target in such a manner as to      the temperature maintained
by said cathode target -cause closed magnetic field-loops to cut through
the  during the magnetron sputtering. 35 cathode. A portionof the magnetic
field loop is in  100  . According to another aspect of the invention there
front of the front face of the cathode. The combina-  is provided a. method
for depositing by magnetron tion of magnetic field and electron fld d
causes     sputtering a thin film of material having the non- electrons to
spiral in long confined paths giving rise  magnetic properties of a
ferromagnetic material and to a very dense plasma immediately adjacent to
the    which comprises sputtering from a cathode target 40 face of the
target material. This dense plasma    105 formed of said ferromagnetic
material alloyed with a facilitates an increased yield of material
sputtered  non-ferromagnetic material to lower the Curie tem- from the
target.                                      perature of the alloy toless
than the temperature of One limitation of magnetron sputtering, however,
said cathode target during the magnetron sput- is that this technique is
not amenable to the         tering.                  - 45 deposition of
ferromagnetic materials. A target of  110   The invention will now be
described by way of ferromagnetic material would act as a magnetic
example only with particular reference to the accom- shunt and would
prevent magnetic field lines from     panying drawing wherein: cutting
through the target and being located, as        Figure 1 is a schematic
representation of a mag- required, in front of the target. Therefore,
materials      netron sputtering apparatus and'. 50 such as iron or nickel
cannot be magnetron sput-  115  Figure2showsthe Curie temperature as a
func- tered. The only exception to this is that some limited  tion.of alloy
composition for three different alloys of success has been achieved by
using specially fabri-     nickel.   - cated targets in which a thin (say,
about 1.6 milli-  -   Turning first to Figure 1, there is shown in meters)
layer of the ferromagnetic material has been  schematic representation an
apparatus for deposit- 55 plated on a non-ferromagnetic base material. the
120 ing materials by the magnetron sputtering techni- layer is thin enough
so as not to. completely shunt   que. The cathode target 10 is fabricated
of the the magnetic field. Use of such a target, however,    material
desired to. be deposited in .a thin film layer defeats some of the
advantages of sputtering. For     on the work piece. 12. The anode 14 is
generally example, the target is now very expensive and the   - maintained
at electrical ground ptential or at a 60 source lifetime is severely
limited because of the  125 small positive potential, and afield is
established reduced amount of source material.                    between
the cathode 10 and the anode 14.Magnets Some of the ferromagnetic materials
have very       16 are placed behind the cathode 10 to cause desirable
properties which render them valuable in    magnetic field lines such as
indicated by the line 18. many thin film applications. Nickel, for example,
has  . The closed-loop magnetifield lines 18 pass through 65 found wide
acceptance in the semiconductor indus-   130 the cathode 10 such thata
portion of the field lines    2       GB2001 350 B.
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exist in the space in front ofcathode 10. Electrons in  nickel with about
ten atomic percent tin can be front of the cathode will be acted upon by
the force  readily deposited by the magnetron sputtering tech oftcombined
electricand magnetic fields'Such a           nique and yet both of these
alloys retain their    - force constrains the electrons to long
spiralling:'    nickel-like properties. 5 paths immediately adjacent to the
front surface of   70 the cathode target 10. It is this electromagnetic
CLAIMS confinement of the electrons near the cathode that enhances the
plasma and iproves the efficiency of    1, A method for producing a
magnetron sput- the magnetron sputtering apparatus.
tered film having the properties of.a ferromagnetic 10  If the cathode 10,
howeVer, is comprised of a'     75 material and Which comprises using a
cathode target ferromagnetic material, this material shunts the
formed of said ferromagnetic material alloyed with a magnetic field.
Magrietic field lines will then follow a  non-ferromagnetic material to
lower the Curie tern- path through the cathode material as depicted by the
perature of the alloy to less than the temperature dotted line 20. Because
no magnetic field lines exist  maintained by said cathode target during
themag- 15 in front of the cathode, there canbe no enchanced   80 netron
sputtering. plasma.                                       2. A method for
depositing by magnetron sput- The Curie-temperature is defined as that
tempera-    tering a thin film of material having the non- ture above which
spontaneous magnetization            magnetic properties of a ferromagnetic
material and. vanishes. The Curie temperature separates the dis      which
comprises sputtering from a cathode targe 20 ordered paramagnetic phase
from the ordered ferro-   85 formed of said ferromagnetic material alloyed
with a magnetic phase. Stated in another way, at tempera-
non-ferromagnetic material to lower the Curie tem- tures below a material's
Curie temperature, that       perature of the alloyto lessthan the
temperature of material is strongly magnetic. At temperatures         said
cathode target during themagnetron sput- above the Curie temperature them
magnetic prop-         tering. 25 erties disappear.
90   3. A method as claimed in claim 2 wherein said The Curie temperature
variesover awide range         ferromagnetic material is nickel. forvarious
materials and can be different for alloys     4. A  method as claimed in
claim 3 wherein said than for various materials and can be different for
non-ferromagnetic material is copper. alloys than for any of the
constituents of the alloy. By  5. A method as claimed in claim 4 wherein
said 30 'properly forming an alloy of a ferromagnetic mate-  95 'copper is
present in said alloy in an amount between rial with one or more other
elements, the Curie        30 and 35atomic per cent. temperature can be
reduced to a temperature lower        6. A method as claimed in claim 3
wherein said than the desired sputtering temperature. With the
non-ferromagnetic material is platinum. lowered Curie temperature, the
alloy is non-             7. A method as claired in claim 3 wherein said 35
ferromagnetic at the sputtering temperature, and is   100 non-ferromagnetic
material is tin. therefore amenable to magnetron sputtering. There are many
ferromagnetic materials that can      Printed forHer:Majesty's Stationery
Office, by Croydon Printing Company Limited, Croydon, Surrey, 1982. be so
alloyed to reduce the Curie temperature in this  published               25
Southampton Buildings London manner. In accordance with the invention,three
WC2A lAY, from which copies may be obtained. 40 specific but nonlimiting
examples are herein set forth. Nickel, hich isa highly desirable thin film
metal for many applications has a Curie temperature of approximately [err].
It is usually desired to do magnetron sputtering with the target held near
room 45 temperature, but at room temperature nickel is ferromagnetic.
Figure 2 is a graph showing the curie temperature as a function ofalloy
composition for three different alloys of nickel. These include alloys of
nickel and copper, nickel and tin, and nickel and 50 platinum. in the
preferred embodiment of this invention an alloy of nickel with about
thirtyto thirty-five atomic percent copper is used as a target for
magnetron sputtering. That particular alloy has a curie temperature which
lies in the range between 55' [err] and [err]. This alloy is very
nickel-like in all of its nonmagnetic properties, and therefore finds use,
for example, in multi-metal innerconnection schemes on semiconductor
devices. The alloy adheres to both silicon and silicon dioxide better 60
than pure copper alone. The nickel-copper alloy also has good
solderability; that is, the alloy is easily wet by the solder, but does not
dissolve in the solder. Like nickel, the alloy is also a relatively poor
thermal conductor. In like manner, an alloyof nickel with  - 65 about forty
atomic' percent platinum or an alloy of    2     GB 2 001 350 B
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exist in the space in front of cathode 10. Electrons in  nickel with about
ten atomic percent tin can be front of the cathode will be acted upon by
the force   readily deposited by the magnetron sputtering tech- of the
combined electric and magnetic fields:Such a   nique and yet both of these
alloys retain their force constrains the electrons to long spiralling
nickel-like properties. 5 paths immediately adjacent to the front surface
of  70 the cathode target 10. It is this electromagnetic     CLAIMS
confinement of the electrons near the cathode that enhances the plasma and
improves the efficiency of     1. A method for producing a magnetron sput-
the magnetron sputtering apparatus.                   tered film having the
properties of a ferromagnetic 10  If the cathode 10, however, is comprised
of a    75 material and which comprises using a cathode target
ferromagnetic material, this material shunts the      formed of said
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will then follow a  non-ferromagnetic material to lower the Curie tem- path
through the cathode material as depicted by the  perature of the alloy to
less than the temperature dotted line 20. Because no magnetic field lines
exist  maintained by said cathode target during the mag- 15 in front of the
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