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CONTROL OF THE PRDPERTIES OF A FILM
DEPOSITED ON A SEMICONDUCTOR WAFER

The present invention relates to the
control of film properties during their deposition

onto semiconductor wafers, such as in the reactive

‘deposition of titanium nitride. More particularly,

the present invention relates to methods of
providing a vacuum deposition apparatus and
depositing a film therewith while controlling
properties of the film, such as resistivity, stress
and diffusion barrier effectiveness, of films such -
as titanium nitride, that are dependent on crystal
orientations of the deposited film.

Background of the Invention:

The manufacture of semiconductor wafers
typically involves a series of processes for the
bianket and selective deposition of a plurality of
layers of material on a substrate, for the
patterning and etching of the deposited layers, and
for other treatment. The purposes of each of the
various layers on the wafer are the fulfilled as a
result of the locations or patterns of the film

material on the wafer and as a result of the
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properties of the materials of which the layers are
made.

For example, some films are deposited for
their conductivity and ére used for carrying
current in the semiconductor devices or circuits
formed on the wafer. Other films are deposited for
their insulative properties or for the wide variety
of semiconducfor properties on which device
characteristics depend. Still other films are
employed as boundary layers between two other
layers, serving és diffusion barriers to control
the migration of material from one layer into
another. The properties that the films possess
depend not only on the composition of the material
of which the film is formed but on physical and
other characteristics of the film, which may vary
with the conditions under which the film is
deposited.

Titanium nitride (TiN), for example, is
capable of providing properties that give it a
variety of important uses. Important among these
uses is that of a diffusion barrier in VLSI
metallization technology. The properties that make
titanium nitride films desirable for use as
diffusion barriers in microélectrohic devices are
its relative inertness, its high melting point, its

thermal stability, its low resistivity and its
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resistance to alloying with aluminum at
temperatures of up to 500°C.

Polycrystaline TiN films are deposited by
a variety of techniques, including reactive bc and
RF magnetron sputtering, ion plating, activated
reactive evaporation, and chemical vapor deposition

(CVD). Each technique, depending on the processing

parameters, can produce a TiN film with different

physical properties. For example, variation in
resistivities from 25 to 4500 uf2 cm and crystal
orientations of <111> and <200>, in various
proportions, may result. Generally, properties of
interest in the use of TiN films for semiconductor
diffusion barriers are uniformity, resistivity,
stress and crystal orientation. Many of the
properties desired are those that are rélated to,
or in part a function of, crystal orientation.

The correlation between the resulting
properties of a deposited film and the process
parameters that produce the film are capable of
being determined by expe:imentation. The
production of films with certain desired properties
by controlliﬁg the process pérameters is sometimes
achievable in a laboratory setting with varying
degrees of difficulty. Absent from the art of
semiconductor manufacture, however,'are methods and

equipment that produce semiconductor wafers on a
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commercial scale having films of which the most
desired properties, particularly properties related
to film crystal orientation, can be controlled.

Accordingly, there is a need for a method
and apparatus for controlling the properties of

deposited thin films on semiconductor wafers,

'particularly for controlling resistivity, stress,

diffusion barrier effectiveness, as well as crystal
orientation per se and other properties dependent
thereon, for titanium nitride and films ﬁhich also
possess the properties described herein.

Summary of the Invention:

A primary objective of the present
invention is to provide a method and apparatus for
controlling the properties of thin films during
their aeéosition onto sgmiconductor wafers. It is
a particular objective of the present invention to
provide a method for controlling those properties
of deposited films that are dependeﬁt on crystal
orientations throughout the deposited film, and,
more particularly, for providing a film having a
given or predetermined crystal orientation of a
given uniformity over the surface of the wafer.

A further objective of the present
invention is to provide a method of producing a
semiconductor wafer processing apparatus configured

in such a way as to deposit films having the given
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crystal orientation over the surfaces of the
wafers. |
A further objective of the present
invention is to provide a method of manufacturing

semiconductor wafers having controlled crystal

orientation dependent properties. A particular

objective of the present invention is to provide a
method and apparatus for controlling properties
such as uniformity, resistivity, stress, and other
crystal orientation dependent properties of
deposited films, such as titanium nitride, used as
diffusion barriers in commercial semiconductor
wafer production.

In accordance with the principles of the
present invention, a magnetron sputter coating
apparatus is provided with a wafer support
maintained in spaced relationship with a target of
sputter coating material that has a tendency to
form a film on the surface of a wafer having one or
more of a plurality of possible crystal
orientations.

In addition,.the main magnetron producing
magnet is behind the target and preferably of a
rotating permanent magnet type that.traps ahd
rotates a plasma over the target surface. Further,
an auxiliary magnet is provided in the vicinity of

the wafer, for example, as a ring shaped magnet
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surrounding the periphery of the wafer, to providé
an auxiliary maghetic field that has a field
component perpendicular to the surface of the
wafer, thereby unbalancing the field of the
magnetron to allow ion flux to flow from the plasma
onto the wafer surface.

In accordance with the present invention,
a method is provided by which, by measuring the
crystal orientation of the film deposited by the
apparatus onto a wafer, preferably at Various'radii
from the center of the wafer and axis of main
magnet rotation, the magnet configuration aﬁd
wafer-to-target spacing are adjusted. Then, wafers
are coated and measured, and further adjustments
are made to the spacing and to the magnet
configuration, until a desired crystal orientation
of a desired uniformity across the wafer surface is
achieved. The adjustments so established may then
be fixed, and the adjusted apparatus then used to
commercially coat wafers with film layers having
the desired crystal orientation. As a result,
properties that are dependant on crystal
orientation are controlled at desired levels.

The present invention is particularly
suitable and advantageous for controlling the
properties of titanium nitride (TiN) film deposited

by reactive sputtering, wherein the properties of
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resistivity, stress and boundary effectiveness as a
diffusion barrier may vary in accordance with the
ratio of <200> to <111> crystal orientation on the
wafer surface. The sputter deposition_of TiN
typically employs a process of sputtering a target
of titanium in the presence of a mixture of an
inert gas such as argon and the.reactive gas,
nitrogen. The nitrogen component of the gas may be
introduced separately near the substrate surface.

With the preferred embodiment of the
present invention, a rotating plasma is produced
over the target surface, by a rotating magnet
positioned behind the tafget, producing a closed
magnetic field or trap.that rotates over the target
surface. Where a titanium target is so sputtered,
ions from the plasma move toward and strike the
tafget dislodging titanium material, which then
travels to and impinges upon the wafer, along with
a light flux of ions which .flow from the plasma as
a result of the unbalanced field caused by the
countermagnet. At the surface of the wafer, the
titanium reacts with nitrogen from the gés and
forms a TiN film on the wafer.

The auxiliary magnet'is, preferably, a
solenoidal permanent or electromagnet, and may be
shaped such as a counter-magnetic ring around the

edge of the wafer. Plural magnets or magnet rings

ThwmwﬂHuBum
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of different sizes and strengths may be employed to
produce a field that has a component perpendicular
to the wafer surface and varies with the distance
from the center of the wafer. The auxiliary magnet
enhances the flux of ions from the plasﬁa onto the
wafer, and does so at an energy level that is low
and therefore does not damage the wafer.

| In accordance with a preferred embodiment
of the.invention, the magnetron sputtering device
is provided, at least during the measuring and
adjusting phase thereof, with variable relative
spacing between the target of coating material and
the semiconductor wafer upon which the film is to

be formed. Similarly, the device may be provided

- with a variable countermagnet, which generates a

variable counter-magnetic field responsive to
adjustments of the magnet. The countermagnet may,
for example, be in the form of moveable permanent
magnet rings around the perimeter of and behind the
wafer, or in the form of an variable current

electromagnet coil that surrounds the wafer. The

‘counter-magnetic field is thereby variable, either

by mechanical adjustment of countermagnet position

using perﬁanent countermagnets or by varying the

current to the field winding of an electromagnet.
In accordance with the method of the

invention, the desired properties are achieved by
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sputtering the film and adjusting the target-to-
wafer spacing, while adjustments of the
counter-magnetic field are also made, to produce.
the desired properties. Preferably, the desired

properties are achieved by determining the

‘variation in the desired properties which result

when a film is deposited using the adjustably
equipped apparatus, varying the target-to-wafer
spacing and the counter-magnetic field, to produce

the desired properties, and then fixing the

adjustments for producing an apparatus design for

commercial wafer production.

These and other objectives and advantages
of the present invention will be apparent from the
following detailed description of the drawings in
which:

Brief Description of the Drawings:

Fig. 1 is a cross sectional diagrammatic
view of one embodiment a sputter coating apparatus
according to the principles of the present
invention, employing a rotating magnet magnetron

and an electromagnet counter-magnetic winding.

Fig. 2 is a cross sectional view along the

line 2-2 of Fig. 1 illustrating an alternative
embodiment of in which the countermagnet is a

permanent magnet pack.
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Fig. 3 is a graph illustrating the
percentage of <200> crystal orientation in the
depoéited film as a function of distance from the
center of the wafer for various wafer to target
spacings.

Fig. 4 is a graph illustrating the
percentage of <200> crystal orientation in the
deposited film and corresponding thickness
uniformity of the film as functions of wafer to
target spacing.

Fig. 5 is a graph of the percentage of
<200> crystal orientation in the deposited film as
a function of distance from the center of the wafer

for various countermagnet configuration parameters.
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Detailed Description of the Drawings:

Referring to Fig. 1, one version of a
sputter deposition apparatus 10 embodying
principles of the present invention is illustrated
diagrammatically. The apparatus 10 includes a
vacuum chamber 12 in which is mounted a sputter -

coating cathode assembly 14. The cathode assembly

- 14 includes a generally circular target of sputter

coating material, which may be, for example,

-titanium metal. The target 14 has a shallow dish

shaped sputtering surface 24 from which metal is
sputtered. A longitudiha; axis 15 is illustrated
through the center 16 of the target 14. Behind the
target 14 is a magnet assembly 18 oﬁ which is
mounted a permanent magnet strip 20. The magnet
strip 20 is formed in a closed loop, and generates
a magnetic field 22, which forms a closed magnetic
trap. When the target 14 is electrically
energized, a plasma forms in the gas within the
chamber 12 and is particularly confined within the
trap formed by the magnetic field 42 over the
sputtering surface 24 of the target 14. The magnet
assémbly 18 is rotatable about the axis 15 to
rotate the magnetic field 22 and thereby.sweep the
plasma over the sputterihg surface 24 of the tafget
14. A cathode assembly of this preferred type is

more fully described in the commonly assigned U.S.
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patent no. 5,130,005 entitled MAGNETRON SPUTTER
COATING ﬁEfHOD AND APPARATUS WITH ROTATING MAGNET
CATHODE, expressly incorporated he:ein by
reference.

Spaced from the target 14 on the
centerline'cr axis 15 and generally parallel to the
sputtering surface 24 of thé target 14 is a wafer
support 30 on which is supported a single circular
semiconductor wafer 32, with its center on the axis
15. The support 30 includes a backplane pbrtion 34
which contains a wafer clamp or chuck (not shown)
for holding the wafer 32 to the backplane 34 and a
temperature control system (not shown), which may
heat or cool the wafer 32 on the support 30. When
supported on the support 30, the wafer 32 is
maintained a distance D from the target surface 24.

Positioned in the proximity of the wafer
32, preferably surrounding the circular edge or
periphery of'the wafer 32, is a ring shaped
auxiliary magnet 40, illustrated in Fig. 1 as
including a solenoid electromagnet 40a. The magnet
40 is configured to produce a magnetic field 42
that has a component that is perpendicular to the
wafer 32. The magnet 40'may be an assembly of
magnets, such as also including magnet 40b, which
cooperates with the magnét 40a to produce a

resultant magnetic field 42, which is the sum of
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.the respective fields 42a and 42b of the magnets

40a and 40b. Such a resultant fieid made up of a
plurality of magnets can be controlled to vary in a
desired manner as a function of the radius of the
field from the axis 15. This control can be
achieved by differently varying the polarities,
strengths or shapes of each of the magnets of the
assembly 40.

With electromagnets constituting the
magnets 40, the field strengths may be varied by
adjusting the currents to the magnet windings.
Alternatively, permanent magnet packs, such as the
magnet pack array 40c illustrated in Fig. 2, may be
used to form an alternative version of the magnet
assembly 40.

The provision of a sputter coating
apparatus 10 in accordance with the principles of
thé present invention involves the application of a
film onto a wafer 32, and then the measurement of
the crystal orientation of the formed film across
the surface of the wafer 32. In the reactive
sputter deposition of titanium nitride, the target
14, which is of titanium metal, is sputtered by

generating a plasma in the magnet trap formed

. within the field 22 to produce ions in the gas

within the chamber 12. These ions bombard the

surface 24 of the target 14, dislodging titanium
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particles which impinge onto the wafer 32. On the
surface of the wafer 32, the titanium particles
react with nitrogen, which is mixed with the
neutral gas in the chamber 12, to form the TiN
film. This film is capable of forming in either or
both of two crystal orientations: <200$ and <111>.

| The ratio of the <200> crystal orieﬁtation
to <111> crystal orientation in the film formed on
the substrate 32 is résponsible for a number of
properties of the formed film, such as the streés
state of the film, the electrical resistivity of
the film or the effectiveness of the film as a
diffusion barrier. The crystal orientation is
affected, in the present invention, by the
adjustment of the spacing D, and by the
configuration of the auxiliary magnet 40. This
crystal orientation is'measured_at various radii on
the surface of the wafer 32.

Generally, certain properties are desired
in the formed film that have a direct relation to
the crystal orientation of the film, or to the
ratio of <200> to <111> in the film. This
orientation ratio will be preferably uniform over
the surfacé of the wafer, or will deviate from
perfect uniformity by a given degree. Accordingly,
the measurements of the crystal orientation ratio

are taken at various radii on the wafer surface.
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These measurements are used to evaluate adjustments
in the wafer-to-target spacing D and to vary the
configuration of the magnet 40. . Accprdingly, after
adjustments are made, another wafer 32 is coated, |
the crystal orientation raties are measured at
different radii across its surface, and, if the
desired crystal orientation ratio and uniformity
thereof has not been achieved,'the spacing and
magnet configuration are again readjusted. The
process is repeated until the desired crystal
orientation ratio and ratio uniformity are
achieved.

When the optimum values of D and magnet
configuration are determined, they are established
as the desired design parameters of the apparatus
10, to which the apparatus 10 is set for commercial
production of coated wafers. These parameters may
be fixed in the design of a commercial form of the
apparatus 10 or may be set by providing variable
spacing D in the apparatus 10land variable magnet
field configuration for the magnets 40, with the
variables set to the determined values of spacing
and magnet configuration. Variable magnet
configuration may be achieved by providing moveable
magnet pafts 42 for the magnet 40, variable current
to a coil of an electromagnetic form of the magnet

40, moveable pole pieces, or other forms of
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variable parameters that affect the shape and
stfength of the magnetic field produced.

Fig. 3 is a graph illustrating the ratio
of <200> to <111> crystal orientation in a TiN film
deposited by reactive sputtering in the apparatus
10, without the presence of the auxiliary magnet 40
and, therefore, no counter-magnetic field 42. 1In
this example, the first curve 50 represents the
ratio for wafer-to-target spacing D of 3 inches,
showing a tendency for the ratio to increase as
radius increases from the center axis 15 to the

edge of a 200 mm diameter wafer 32. As

-illustrated, with 3.0 inch spacing D, the ratio of

<200> crystal orientation in the film is low. As
illustrated in curve 52, with a 3.5 inch spacing D,
the ratio increases from that of curve 50 over the
entire wafer surface. With an increase of the
spacing D further to 4 inches as shown in curve 54,
the ratio of <200> crystal.orientaﬁion in the film
increases at the center and intermediate rédii, but
decreases somewhat near the wafer rim, reflecting
better uniformity. This phenomenon of increasing
<200> to <111> crystal orientation ratio and
increasing uniformity, (decreasing ratio variation
or non-uniformity over the surface of the wafer)

with increasing wafer-to-target spacing D is

‘This Sheet Has Been Replaced
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" illustrated by graphs 56 and 58, respectively, of

Fig. 4. _

In graph 60 of Fig. 5, the <200> to <111>
crystal orientation ratio as a fﬁnction of radius
from the wafer center is illustrated without a

counter-magnetic field 42, for an arbitrary spacing

. D, which may be any of the curves 50-52 of Fig. 3.

With a counter—magnefic field applied of one
polarity, with a magnet 40 of the type of 40a of
Fig. 1 or 40c of Fig. 2, the <200> ratio iﬁcreaSes
as in curve 62. When the same magnet 40 is
employed with the opposite polarity, the ratio
decreases, as illustrated in curve 64. By
combining a plurality of magnets, such as 40a and
40b of Fig. 1, with different strengths and
alternating polarity, for example, the uniformity
of the <200> to <111> crystal orientation ratiq
across all radii of the wafer may be approached, as
illustrated in curve 66 of .Fig. 5. The adjustment
of the magnet configuration is carried out in
conjunction with the adjustment of the spacing D to
achieve the desired crystal orientation ratio and
ratio uniformity.

In the preferred embodiment of the
invention, a coating apparatué is provided that is
effective for controlling the crystal orientation

dependent properties of film such as titanium
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nitride during the chemical or reactive sputter
deposition of the film ontc a semiconductor wafer.
The apparatus is provided with a wafer support in a
vacuum chamber, which maintéins a surface of the
wafer to be coated in spaced parallel relationship
with the sputtering surface of a target, made of
sputter coating material such as titanium. In the
chamber, a gas is maintained at a vacuum pressure
level. In the case of titanium nitride film
deposition, the gas may be a mixture of an inert_
gas such aé argon with the reactive gas, nitrogen.
With a magnet positioned behind the target, a
magnetic trap is produced over the surface of the
target and a magnetron enhanced plasma is generated
in the gas under the arched maghetic field on the
surface of the target. Preferably, the magnet is
rotated to sweep the plasma around the center of
the target.

The counter—magnetié field is generated
with an auxiliary magnet positioned proximate the
wafer. The counter-magnetic field produced has a
substantial component generally perpendicular to
the surface of the wafer that may vary, preferably
as -a function of the radius from the center of the
wafer. In the initial phase of the process of
providing the apparatus, the magﬁet configuration

and the wafer-to-targét spacing are adjustable.
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The auxiliary magnet may have separate magnet
components to vary the strength and shape of the
magnetic field as a whole prbduced by the auxiliary
magnet. This field may be varied as a function of
the radius from the wafer center. As such, the
uniformity of the effects of the auxiliary magnet
and wafer-to-target spacing can be controlled.
Then, in the preferred embodiment“of the
method of the invention, the target is sputtered
and the film forméd on the wafer. For TiN film
deposition, titanium is sputtered from the target
and reacted with the nitrogen gas at the surface of
the wafer to form a polycrystaline titanium nitride
film on the'wafer. This film is made up of
crystals of <200> and <111> orientation. This
crystal orientation is measured. For TiN, the

measured quantity is the ratio of <200> to <111>

‘crystal orientation. The measurement preferably

includes several measurements taken at different
radii on the wafer. 1In response.to the
measurements, the wafer-to-target épacing and the
auxiliary magnet configuration are both adjusted,
then another wafer is coated and measurements
retaken, and then the adjustment and measurements
are repeated until the desired crystal orientation
is achieved with a desired uniformitf over the

surface of the wafer. When the desired properties
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~are achieved, the adjustments are either fixed, or

they are recorded so that they can be reproduced in

production of coated wafers of the desired

properties, thereby establishing wéfer-to-target
criteria and magnet configuration criteria to
achieve the properties desired.. |

The production of wafers, in the preferred
embodiment of the invention, is carried out with
the apparatus provided as adjusted, by sequentially-
supporting a series of semiconductor wafers one-by-
one in the vacuum chamber spaced from a target in
accordance with wafer-to-target spacing criteria,
and with the auxiliary magnet configured in
accordance with the magnet configuration criteria.

In accordance with the present invention,
the crystal orientation of the film is cohtrolled
by the method and apparatus as described above, and
related properties such as resistivity of the
deposited film, stress in the deposited film or
diffusion barrier effectiveness of the deposited
film, are controlled as desired.

TiN film produced in accordance with the
preferred embodiment of the invention will possess
a polycrystaline structure that will include some
crystals of a <111> crystal orientation and some
crystals of a <200> crystal orientation. The ratio

of crystal <200> to <111> orientation in the formed
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film will be related to the resistivity of the

formed film, the stress residing in the formed film

- and the diffusion barrier effectiveness of the

film. The resulting ratio of <200> crystal
orientation to <111> crystal orientation, as well
as resistivity, stress and barrier quality, will
vary in the wafers produced in accordance with the
variations in the target-to-wafer spacing and the
counter-magnetic field strength used during the
film deposition process. As a result, the desired
properties of the deposited film are produced.

Only certain embodiments of the invention
have been herein described, but those skilled in
the art will appreciate that various additions,
alternatives or modifications to that described may
be empioyed without departing from the principiles
of the present invention.

Accordingly, what is claimed is:

This Sheet Has Been
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1. A method of providing a coating apparatus for
controlling the crystal orientation dependent properties
éf a titanium nitride film during the chemical
deposition thereof onto a semiconductor wafer, the
method comprisihg the steps of:

a) supporting a semiconductoriwafer in a vacuum
chamber with a surface thereof to be coated maintained
in spaced parallel relationship with a surface of a
titanium target:

b) maintaining a mixture of inert gas and
nitrogen gas at a vaduum pressure level within the
éhamber:

c) producing, with a magnet positioned behind the
target, a magnetic trap over the surface of the target
and génerating a magnetron enhanced plasma in the gas
between the trap and the target:

-d) generatihg, with an auxiliary magnet
positioned proximate the wafer, a counter-magnetic field
having a substantial compohent generally perpendiculaf
to the surface of the wafer:

e) sputtering titanium from the target in the gas
mixture;

£) reacting the sputtered titanium with the
nitrogen gas at the surface of the wafer to form a
titanium nitride film on the wafer;

g) measuring the crystal orientation of thé

formed titanium nitride film on the surface of the

wafer;
Sheet Has Been Replaced
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h) adjusting, in response to the measuring step,
the wafer—t64targét spacing and the counter-magnetic
field such that the ratio of <200> to <111> crystal
orientation in the formed titanium nitride film over the
surface of a wafer changes;
i) repeating steps a) through g);

j) repeating steps h) and i) until a given ratio

of <200> to <111> crystal orientation of given

uniformity is measured over the surface of the wafer,
and thereby establishing a wafer-ﬁo-target spacing
criteria and a magnet configuration criteria in
accordance with the adjusting step; and

k) providing a vacuum chamber having a target and
wafer support spaced in accordance with the wafer-to-
target spacing criteria and magnets configured in

accordance with the magnet configuration criteria.

R g
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2. The method of claim 1 wherein the magnetic trap

producing and plasma generating steé includes the step
of:

producing, with a rotating permanent magnet
positioned behind the target, the magnetic-trap and
rotating the trap over the surface of the target such
that the magnetron enhanced plasma generated rotates

over the surface of the target.

3. The method of claim 1 wherein the adjusting
steps include the step of varying at least one of the
properties of the formed titanium nitfide film from a
group of properties consisting of the film resistivity,

film stress and film barrier quality.

4. The method of claim 1 wherein the counter-
magnetic field generating step includes the step of
génerating the counter-magnetic field with an auxiliary.
magnet having at least a portion thereof configured in a

ring positioned around the periphery of the wafer.

5. The method of claim 1 wherein the counter-
magnetic field generating step includes the step of
generating the counter-magnetic field that varies over
the surface of the wafer as a function of the distance

from the center of the wafer.

Ths&mﬂ}hs&nn hmd
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6. A method of manufacturing titanium nitride film
coated semiconductor wafers including the step of
providing a coating apparatus in accordance with claim 1
for controlling the crystal orientation dependent
properties of a titanium nitride film during the
chenmical deposition thereof onto a semiconductor wafer,
then: |

1) sequentially supporting a series of
semiconductor wafers one-by-one in the vacuum
chamber spaced in accordance with thé wafer-to-
target spacing criteria from a titanium target;

then, for each wafer so supported:

m) maintaining a mixture of inert gas and
nitrogen gas at a vacuum pressure level within the
chamber;

n). producing, with the magnet positioned
behind the targét, a magnetic trap over the surface
of the target and generating a magnetron enhanced
plasma in_the gas between the trap and the target;

o) generating a counter-magnetic field
generally perpendicular to the surface of the wafer
with the auxiliary magnet having a configuration in
accordance with the magnet configuration criteria
and positioned proximate the wafer; and

p) sputtering titanium from the target in
the gas mixture; and

q) reacting the sputtered titanium with the

nitrogen gas at the surface of the wafer to form a

ThBthumwBum

(i III i



-26.—
titanium nitride film on the wafer in accordance
30 with the given ratio of crystal orientation and

given uniformity.
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7. A method of providing a coating apparatus for
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controlling the crystal orientation dependent properties
of a film during the vacuum deposition thereof onto a
semiconductor wafer, the method comprising the steps of:

a) supporting a semiconductor wafer in a vacuum
chamber with a surface thereof to be coated maintained
in spaced parallel relationship with a surface of a
target;

b} maintaining a gas at a vacuum pressure level
within the chamber; |

c) producing, with a magnet positioned behind the
target, a magnetic trap over the surface of the target
and generating a magnetron enhanced plasma in the gas
between the wafer and the target:

d) generating, with an auxiliary magnet
positioned proximate the wafer, a counter-magnetic field
having a substantial component generally perpendicular
to the surface of the wafer:;

e) sputtering from the target and onto the wafer
material having a tendency to form a film of more than
one crystal orientation as a function of deposition
criteria;

£) measuring the crystal orientation of the

 formed film on the surface of the wafer:;

g) adjusting, in response to the measuring step,
the wafer-to-target spacing and the counter-magnetic
field such that the crystal orientation in the formed

film over the surface of a wafer changes:

Ths&wuHuBum
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_h) repeating steps a) through g);

i) repeating steps g) and h) until a given
crystal orientation of given uniformity is measured over
the surface of the wafer, and thereby establishing a
wafer-to-target spacing criteria and a magnet
configuration criteria in accordance with the adjusting
step; and

j) providing a coating apparatus that includes a
vacuun chamber having a target and wafer support spaced
in accordance with the wafer-to-target spacing criteria
and magnets configured in accordance with the magnet

configuration criteria.

11| L
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8. The method of claim 7 wherein the magnetic trap
producing and plasma generating step includes the step
of:

producing, with a rotating permanent magnet
positioned behind the target, the magnetic trap and
rotating the trap over the surface of the target such
that the magnetron enhanced plasma generated rotates

over the surface of the target.

9. The method of claim 7 wherein the adjusting
steps include the step of varying at least one of the
properties of the formed film from a group of properties
consisting of the film resistivity, film stress and film

barrier quality.

10. The method of.claim 7 wherein the counter-
magnetic field generating step includes the step of
generating the counter-magnetic field with an auxiliary
magnet having at least a portion thereof confiqgured in a

ring positioned around the periphery of the wafer.

11. The method of claim 7 wherein the counter-
magnetic field generating step inciudes the step of
generating the counter-magnetic field that varies over
the surface of the wafer as a function of the distancg

from the center of the wafer.
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12. A method of manufacturing film coated

semiconductor wafers including the step of providing a

' coating apparatus in accordance with claim 7 for

controlling the crystal orientation.dependent properties
of a film during the deposition thereof onto a
semiconductor wafer, then:

k) sequenﬁially supporting a series of
semiconductor waférs onefby-ong in the vacuum
chamber spaced in accordance with the wafer-to-
target spacing criteria from a titanium target:

then, for each wafer so supported:

1) producing, with thg magnet positioned
behind the target, a magnetic trap over the surface
of the target and generating a magnetron enhanced
plasma in the gas between the trap and the target;

m) generating a counter-magnetic field
having a substantial component generally
perpendicular to the surface of the wafer with the
auxiliary magnet having a configuration in
accordance with the magnet cénfiguration criteria
and positioned proximate the wafer; and

n) sputtering material from the target and
forming a film therewith on the surface of the
wafer in accordance with the given crystal

orientation and uniformity.
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13. A method of manufacturing a coated

- 31 -

‘semiconductor wafer with a thin film thereon having a

given crystéllorientation distributed over the surface
thereof, the method comprising the steps of:

providing a coating apparatus having means
therein for supporting a semiconductor wafer in a vacuum
chamber with a surface thereof to be coated maintained
in spaced parallel relationship with a surface of a
target in accordance with a wafer-to-target spacing
criteria, a magnet positioned behind the target,
configured to produce a magnetic trap over the surface
of the target and genérating a magnetron enhanced plasma

in the gas between the trap and the target; and an

auxiliary magnet positioned proximate the wafer and
configured in accordance with magnet configuration
criteria to produce a counter-magnetic field generally
perpendicular to the surface of the wafer:

the wafer-to-target spacing criteria and the

magnet configuration criteria being established by:

a) sputtering from the target and onto the
wafer material having a tendency to form a film of
more than one crysﬁal orientation as a function of
deposition criteria;

b) measuring the crystal orientation of a
film formed of the material on the surface of the
wafer;

c) adjusting, in response to the measuring

step, the wafer-to-target spacing and the counter-
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magnetic field such that the crystal orientation in

- 32 -

the formed film over the surface of a wafer
changes; |
d) repeating steps a) through c¢); and
e) repeating steps c) and d) until a given
crystal orientation of a given uniformity is
measured over the surface of the wafer, and thereby
establishing the wafer-to-target spacing criteria
and the magnet configuration criteria in accordance
with the adjusting step:;
sequentially supporting a series of
semiéonductor wafers one~5y-one in the vacuum chamber of
the coating apparatus spaced in accordance with the
wafer-to-target spacing criteria from a target therein;
then, for each wafer so supported:

£) producing, with the magnet positioned

behind the target, a magnetic trap over the surface

of the target and generating a magnetron enhanced
plasma between the trap and the target:;

g) generating a counter-magnetic field
generally perpendicular to the surface of the wafef
with the auxiliary magnet having a configuration in
accordance with the magnet configuration criteria
and positioned proximate the wafer: and

pP) sputtering material from the target and
forming a film therewith on the surface of the

wafer.
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14. The method of claim 13 wherein the magnetic

- 33 -

trap producing and plasma generating steps includé the
step of:

prdducing, with a rotating permanent magnet
positioned behind the target, the magnetic trap and
rotating the trap over the surface of the target such
that the magnetron enhanced plasma generated rotates

over the surface of the target.

15. The method of claim 13 wherein the material
sputtering and film forming step includes the step of
reacting the sputtered material with a gas at the

surface of the wafer to form the film.

16. The method of claim 13 wherein the counter-
magnetic field generating step includes the step of
generating the counter-magnetic field with an auxiliary
magnet having at least a portion thereof configured.in a

ring positioned around the.periphery of the wafer.

.17. The.method of claim 13 wherein the counter-
magnetic field generating step includes the step of
generating the counter-magnetic field that varies over
the surface of the wafer as a function of the distance

from the center of the wafer.
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