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Methods of chemical vapor deposition (CVD) are disclosed wherein high quality films are deposited on patterned wafer
substrates (14). In the methods, a patterned wafer (14) is rotated about an axis thereof in a CVD reaction chamber (10) and react-
ant gases are directed into the reaction chamber (10) and toward the patterned wafer substrate (14) in a direction generally per-
pendicular to the plane of rotation of the wafer. The reaction chamber (10) is maintained at a suitable pressure and the wafer is
heated to a suitable temperature whereby a high quality film is deposited by CVD on the patterned wafer substrate (14). The pro-
cess is applicable to deposit elemental films, compound films, alloy films and solid solution films, and is particularly advanta-
geous in that high film deposition rates and high reactant conversion rates are achieved.
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METHODS OF CHEMICAL VAPOR DEPOSITION (CVD)
OF FILMS ON PATTERNED WAFER SUBSTRATES

Field of the Invention
The present invention relates to chemical
vapor deposition (CVD) methods for producing
semiconductor wafers, and, more particularly, to
5 methods for depositing films oﬁ patterned wafer

substrates which achieve enhanced film deposition
rates and reactant conversion rates without
sacrificing film quality.
Background of the Invention

10 In the manufacture of semicondﬁctor devices,
certain coating processes are performed by chemical
vapor deposition (CVD). The two general types of CVD
processes are blanket and selective CVD. 1In blanket
CVD, desired film coatings are deposited over the

15 entire exposed surface of the semiconductor wafer. 1In
selective CVD, desired film coatings are applied to
the exposed surfaces of the contact or via holes which
pass through the insulative layers on the

semiconductor wafers; e.g., to provide plugs of
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conductive material for the purpose of making
interconnections across the insulating layers.
Frequently, the desired ultimate result of
CVD processes is for filling holes or vias and for
forming interconnections between layers on
semiconductor wafers. This can be accomplished in one
of two ways: 1) formation of the desired film coating
on only selected portions of the wafer surfaces by
selective deposition; and 2) blanket film deposition
with subsequent etching. Because direct selective
application by CVD of film coatings may be unreliabie,
unsuccessful, and/or slow, and thus undesirable on a
commercial scale where rapid throughput and efficient
use of expensive machinery is important, selective
coatings are often achieved by blanket deposition and
subsequent etching back from the areas where permanent
coating is not desired. When utilizing blanket CVD
followed by etching back of the deposited material, a
high degree of thickness uniformity in the blanket
coating is required, particularly in the areas where
the deposited material is to be etched. If the film
coating thickness is irregular in the etched-back
areas, the etching process may selectively damage the
underlying layers or may result in regions where
residual coating remains. Known blanket CVD processes
of the prior art have coated substrates with limited

uniformity and/or at limited speed. Accordingly,
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processes for the application of blanket coatings of
acceptable thickness uniformity and at relatively
higher speeds are required.

To uniformly apply coatings such as tungsten
(W) by CVD to semiconductor wafers, it is desirable to
ensure a uniform supply of reactant gases across the
surface of the wafer, and to uniformly remove spent
gases and reaction by-products from the surfaces being
coated. 1In this regard, prior art CVD processes per-
form with limited success. Accordingly, there is a
need for processes which more efficiently and more
uniformly supply reaction gases to and remove reaction
by-products from the surfaces of wafers being coated
in CVD processes, either blanket or selective.

In CVD processes using known reactors, tur-
bulence in the flow of reaction gases has inhibited
the efficiency and uniformity of the coating process
and has aggravated the deposition and migration of
contaminants within the reaction chamber.

Accordingly, there is a need for CVD processes which
have improved gas flow and reduced gas flow
turbulence.

In both selective and blanket CVD processes,
particularly tungsten CVD processes, tungsten hexa-
fluoride (WF,) is employed as a reactant gas. Tung-
sten hexafluoride is very costly and thus when

reactant gas utilization efficiency is low, as in many
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prior art processes, the overall process costs are
significantly increased. For example, some prior art
CVD processes are believed to have a utilization
efficiency of WF, as low as about 20% or less, and

5 thus the cost of WF, often exceeds 30% of the overall
cost of the CVD process. Accordingly, CVD processes
that are more efficient in the consumption
(conversion) of reactant gases, such as WF,, are
desired.

10 The use of rotating disk CVD reactors to
achieve improved control of the deposited film
properties on flat, unpatterned substrates has been
shown. It has been demonstrated that good thickness
uniformity across the diameter of an entire wafer is

15 achievable using a rotating disk reactor due to the
ability to cpntrol the boundary layer thickness across
the entire wafer surface. Such boundary layer
thickness control is a fundamental feature of the
geometry of rotating disk systems. In contrast, other

20 known types of reactors commonly used in CVD to
deposit thin films on silicon wafers have a
continuously changing boundary layer across a given
wafer in the direction of gas flow. Epsilon
Technology, Inc. has shown the efficacy of using

25 rotating disk reactors for epitaxial silicon CVD on
silicon wafers. However, it is believed that none of

this prior work has been pracficed on patterned
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wafers, and thus uniform deposition of high quality
films onto wafers which fill the patterned holes or
vias, whether by blanket or selective deposition, has
never been demonstrated. Accordingly, CVD processes
5 for selective and blanket deposition of conductive
layers on patterned semiconductor substrates which
exhibit uniform thickness, good step coverage, uniform
resistivity and other desirable film qualities are
required.
10 Summary of the Invention
' The CVD methods of the present invention are
believed to overcome or obviate many of the
shortcomings associated with prior art CVD processes.
More particularly, in the CVD methods of the present
15 invention, films of desired composition are deposited
by CVD on a patterned wafer substrate in a
significantly more economical manner than heretofore
known, based on higher deposition rates and greater
reactant conversion rates, and resulting in high
20 quality films. As used herein, the term "film" is
intended to mean either blanket films or selectively
deposited films.
Since patterned wafer substrates include
patterned holes or vias, it is imperative that
25 complete and uniform step coverage be achieved so as
not to produce semiconductor wafers with void regions

which tend to reduce the quality and reliability of
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the end product. The methods of the present invention
provide excellent step coverage and thickness
uniformity in the deposited film layer. The films
deposited utilizing the methods of the present

5 invention also possess high quality in terms of
resistivity, crystallinity, grain size, stress,
particle count, surface roughness and reflectivity.

Additional and perhaps even more important
beneficial results obtained by employing the processes

10 of the present invention are the improved rate of
processing wafers and reduced consumption of reactant
materials which result from the significantly improved
deposition rates and reactant conversion rates
realized. These advantages contribute greatly to the

15 rate at which patterned wafers can be processed, while
at the same time reducing the overall consumption of
reactant materials with the increased conversion
efficiency.

In its broadest applications, the methods of

20 the present invention are used in the manufacture of
integrated circuits or other semiconductor devices to
form blanket films which are subsequently etched back
to form interconnect lines, contacts, and via plugs on
patterned wafer substrates. Alternatively, the

25 desired lines, contacts and plugs are selectively
deposited only in the desired contacts or vias.

Controlling whether the film is deposited in a blanket

SUBSTITUTE SHEET



WO 93/25722 PCT/US93/05517

-7-
or selective manner can be accomplished by controlling
the reaction conditions. Typically, under certain
conditions selectivity occurs because the deposited
material nucleates only on electrically conductive

5 surfaces. Since the bottom of the contact or via
holes is typically conductive (e.g., silicon), and
while the exposed top surface of the wafer is
typically insulating (e.g., silicon dioxide), the
deposited film nucleates and grows only on the bottom

10 of the contact or via.

It is contemplated that the methods of the
present invention have applicability to deposit
blanket or selective elemental films, compound films,
alloy films, and solid solution films on patterned

15 wafer substrates. More particularly, the invention
contemplates depositing elemental films such as
tungsten, copper, aluminum, silicon and titanium. The
invention further contemplates depositing compound
films such as titanium nitride (TiN), titanium

20 disilicide (Tisi;), tungsten disilicide (WSi,), silicon
dioxide (Si0,) and silicon nitride (Si;N,). Alloy
films contemplated are alloys of aluminum and silicon,
and alloys of aluminum, copper and silicon. Finally,
the present invention contemplates depositing films of

25 solid solutions such as phosphosilicate glass (PSG)

and borophosphosilicate glass (BPSG).

SUBSTITUTE SHEET



WO 93/25722 PCT/US93/05517

-g-
In its broadest aspects, the method of the
present invention comprises rotating a patterned wafer
substrate about an axis thereof in a CVD reaction
chamber while directing reactant gases into the CVD
5 reaction chamber and toward the patterned substrate in
a direction generally perpendicular to the plane of
rotation of the patterned wafer substrate. The
reaction chamber is maintained at an effective
pressure and the patterned wafer substrate is heated
10 to an effective temperature whereby the desired film
is deposited by chemical vapor deposition on the
patterned wafer substrate. By rotating the patterned
semiconductor wafer in a plane about its central axis,
deposition rates up to 3 times higher than those
15 achieved in conventional CVD reactors result, and
reactant conversion up to twice that currently
achievable is obtained. High quality films, including
excellent via filling, even when the aspect ratio of
the vias (i.e., ratio of via depth to width) is high,
20 can be achieved. 1In addition to obtaining high
guality films, the deposition rate and reactant
conversion are significantly higher than obtained in
other types of processes. This results in higher
wafer throughput in a production line and reduced
25 operating costs.
The particular process parameters of

operating pressure in the CVD reaction chamber and the

SUBSTITUTE SHEET



WO 93/25722 PCT/US93/05517

-9-
temperature to which the patterned wafer substrate is
heated are a function of whether blanket or selective
deposition is desired and the composition of the film
being deposited. By way of example only, to achieve

5 high quality blanket tungsten, the reactor is
preferably maintained in the range of 10 to 240 torr
and the wafer is preferably heated to a temperature in
the range of about 425°C to 525°C. Where selective
tungsten deposition is desired, the pressure in the

10 reaction chamber is preferably maintained in the range
of about 0.1 to 1 torr and the patterned wafer
substrate is preferably heated to between about 250°C
and 300°C. 1In either case, blanket or selective
tungsten deposition, the wafer substrate is preferably

15 rotated at a rate in the range of about 100-1500 rpm,
and the reactant gas flow rate is in the range of
about 0.5-5.0 slpm.

While the scope of the present invention is
not intended to be limited to any particular rotating

20 disk reactor configuration, concurrent with the
development of the present process a rotating disk
reactor apparatus has been developed which is
particularly suitable for carrying out the process of
the present invention. This rotating disk reactor is

25 the subject of a co-pending, commonly assigned patent
application entitled "Rotating Susceptor Tungsten CVD

Reactor Semiconductor Wafer Processing Cluster Tool
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Module", naming Robert F. Foster, Helen E. Rebenne,
Rene E. LeBlanc, Carl L. White and Rikhit Arora as
inventors, filed on even date herewith, the
specification of which is hereby expressly
incorporated herein by reference.

In practicing the method of the present
invention, a patterned wafer being processed is placed
on a rotatable disk or plate, referred to as a
susceptor. The reactant gases are mixed and enter the
reactor and are directed downwardly toward the
rotating susceptor and wafer. Rotation of the
susceptor sets up a pumping action relative to the gas
mixture that pulls gas towards the wafer surface. At
the surface, the gas flows radially outwardly in a
substantially uniform manner, over the wafer surface
and then down past the sides of the susceptor towards

an exhaust port. Gas is pumped out of the reaction

chamber using a pump in an exhaust line. The wafer is

heated by the susceptor which may be heated
resistively by a heating element placed inside of the
susceptor assembly. Near the hot surface of the
wafer, a boundary layer is established which slows the
diffusion of reactant gases to the surface where they
can react. Reactant gases diffuse through this
boundary layer, adsorb onto the wafer surface, and
react to form the desired film and associated by-

products. The by-products then desorb from the
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surface and diffuse through the boundary layer to the
bulk gas flow where they are carried away by the’
momentum of the flowing gases.

The rate of film deposition on the wafer
surface 1is governed by the concentration of reactants
on the surface and the surface temperature. The
concentration of reactants on the surface is in turn
related to the boundary layer thickness which is
governed primarily by the rotation rate of the
susceptor/wafer combination. That is, the boundary
layer thickness generally decreases with increasing
rotation rate. Generally speaking, the thinner the
boundary layer, the more rapid the flux of reactants
to the wafer surface and the more rapid the flux of
by-products away from the surface. With this
increased flux of reactants and by-products to and
from the wafer surface comes higher deposition rates
and greater reactant conversion. Furthermore, the
uniformity of film deposition over the wafer surface
is directly determined by the uniformity of the
boundary layer over the same area.

These and other objects, advantages and
features of the present invention will now be
described in detail with reference to the accompanying

drawing.
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Brief Description of the Drawing

The Figure is a schematic cross-sectional
view of a CVD reactor useful in the practice of the
present invention.

Detailed Description of the Invention

The Figure shows a schematic representation
of the pertinent portions of a rotating disk reactor
suitable for practicing the methods of the present
invention. Reaction chamber 10 has a rotating
susceptor 12 positioned therein for supporting a
patterned wafer substrate 14 thereon. The wafer
susceptor is rotated in a clockwise direction by means
of a motor (not shown) driven shaft 16. Susceptor 12
is further provided with a temperature controller
device to heat the wafer to the desired temperature.
The reaction chamber is provided with an exhaust port
18 through which the reaction gas by-products and
unreacted starting materials are exhausted.

The reactant gases are fed to a reservoir 22
near the top of the reaction chamber where they are
mixed. The mixed reactant gases flow downward toward
the wafer, which is being rotated by the susceptor, in
a direction generally perpendicular to thé~plane of
rotation of the wafer. As indicated by the dotted gas
flow lines in the Figure, as the gas approaches the
wafer surface it flows radially outwardly in a uniform

manner over the entire wafer surface and then down
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past the sides of the susceptor towards the exhaust
port 18. As described previously, the rotation of the
susceptor draws the reactant gases toward the wafer
surface and establishes a substantially uniform
boundary layer across the wafer surface.

Experimental work confirming the advantages
of the present invention over prior art CVD methods
has been conducted to demonstrate the efficacy of the
methods for achieving high tungsten deposition rates
with high reactant conversion rates in a rotating disk
reactor of the type described above. 1In the
experimental work, a patterned wafer substrate 150mm
in diameter was supplied by Materials Research
Corporation for the purpose of testing the step
coverage and other film properties achievable
utilizing the process of the present invention. The
wafer had via dimensions of 1lum by 1lum and the

underlying film was sputtered TiW. The operating

conditions were as follows: 1) wafer temperature in

20

25

the range of 425°C to 525°C; 2) reaction chamber
pressure at about 70 torr; 3) susceptor rotation rate
of about 750 rpm; 4) inlet reactant gas flow rate set
to match the rotation rate and estimated to be
approximately 1-2 slpm (standard liters per minute);
5) inlet gas temperature about 25°C; and 6) deposition
time of approximately 75 seconds. The resulting

tungsten film was 1l.6um in thickness, which
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corresponds to a deposition rate of about 1.3um per
minute. Conversion of the tungsten hexafluoride (WFy)
starting material was in the range of about 25% to
55%. The resistivity of wafers produced averaged
8.1ufl-cm, with a standard deviation of 6.8%. Step
coverage was 100%.

The experimental results of other similar
test runs performed on wafers supplied by Materials

Research Corporation are compiled in Table I.

TABLE I

Wafer No.
Parameter 1 2 3 4 5

Film Deposition 0.58 0.8 0.6 2.5 3.5
Rate (um/min.)

Uniformity (10) +10 6 +2 <*2 <*2

Reflectivity (%) 60 60 60 60 60

Resistivity <9 <9 <9 <9 <9
(u2-cm)

Wafer 525 450 450 450 450

Temperature (°C)

Reaction Chamber 70 70 70 70 70
Pressure (torr)

WF, conversion 55 36 25 50 55
(%)

By way of comparison, tungsten films
typically applied by CVD processes wherein the wafer
is not rotated, and using reduction of tungsten
hexafluoride (WF;) by hydrogen (H,), silane (SiH,), or

both, are capable of producihg films of high gquality,
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yet are typically limited by relatively low deposition
rates and relatively low conversion of WF,. More
particularly, the deposition rates in known CVD
processes which do not make use of a rotating
susceptor and wafer have deposition rates on the order
of <0.5um per minute and WF, conversion rates on the
order of <30%. As shown in Table I, depositing
tungsten films utilizing the process of the present
invention has achieved deposition rates up to 3.5um
per minute and WF, conversions of up to 55% with no
degradation in film quality. In addition, the method
contemplates a wider process window (temperature and
pressure) for achieving high quality tungsten films
vis-a-vis prior art processes.

The process of the present invention has
been shown to achieve high gquality blanket tungsten
film deposition over a range of operating conditions
that demonstrate the wide process window of
applicability of the present invention. These
operating conditions are: 1) wafer temperature
between about 425° and 525°C; 2) pressure between
about 10 to 240 torr; 3) susceptor rotation rate
between about 100 rpm to 1500 rpm; 4) inlet gas flow
rate between about 0.5 slpm to 5.0 slpm; and 5) inlet
gas temperature of about 25°C. It should be noted

that utilizing a rotating disk reactor in the method

. of the present invention provides additional
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advantages when rotating the wafer at high speed.
Namely, the high speed rotation of the wafer enhances
the gas distribution uniformity and control of active
species within the reaction chamber. This results in
an increase in reactor efficiency compared to typical
CVD processes and a reduction of deposition of films
in undesirable places (i.e., on the reactor walls).

When it is desired to deposit tungsteh
selectively rather than blanket deposition, it is
contemplated that the operating parameters of
temperature and pressure shoqld be changed. More
particularly, selective tungsten deposition is
advantageously performed at a wafer temperatures of
between about 250° and 300°C and at a pressure between
about 0.1 torr to 10 torr. It should be noted that
the increased reactant conversion realized in the
process of the present invention reduces the amount of
unreacted reactants passing through the pumping system
which have to be scrubbed prior to exhausting to the
atmosphere.

The process of the present invention is
uniguely advantageous to selectively deposit tungsten,
or any other desired film, on the exposed surfaces in
the contacts and vias of the patterned wafer
substrate. The rotating disk process is ideal for
achieving selectivity because of the direction of gas

flow in the vicinity of the wafer. Spécifically, it
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is believed that in conventional reactors film
deposition selectivity may be lost on a wafer when
film deposits on the susceptor adjacent to the wafer
edge and grows over onto the wafer, acting as
nucleation sites for subsequent film deposition on the
planar surfaces of the wafer. 1In the rotating disk
process, this phenomenon is believed to be highly
unlikely because the direction of flow at the wafer
surface is radially outwardly. Therefore, at the
interface between the wafer edge and the susceptor
surface, gases are flowing away from the wafer making
it difficult for film which has grown on the susceptor
to grow over onto the wafer. Furthermore, in the
rotating disk, less reactant material is available to
deposit film on the susceptor since substantial
depletion will have occurred by the time the reactant
gases reach the exposed susceptor surface.

As described herein, the process of the
present invention is envisioned to encompass both
blanket and selective deposition of a wide variety of
films useful in semiconductor devices. While specific
examples have been given with respect to blanket
tungsten deposition, such examples are not intended to
be limiting in any way to the scope of the present
invention as it is defined in the appended claims.

The use of a rotating patterned wafer substrate is

common throughout all applications of the process,
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whether selective or blanket deposition is sought, and
thus the advantages of utilizing a rotating disk are
present in all contemplated applications of the
process. This is true because the rotating wafer
processes are uniquely capable of supplying reactant
gases uniformly to the wafer surface and "flushing"
by-products away from the wafer surface due to the
flow hydrodynamics. Thus, regardless of the reactant
gas composition, the rotating wafer process approaches
a uniform boundary layer thickness and minimizes
turbulence in the gas phase. These factors all
contribute to the beneficial results achieved by the
processes, as discussed herein.

In order to achieve optimum processing
uniformity with the rotating susceptor described in
embodiments above, the CVD process should be operated
under conditions dictated by the rotation rate to
achieve the highest deposition rate and reactant
conversion without sacrificing film uniformity or
properties. To produce these conditions, the total
mass flow rate of gas flowing radially outward across
the susceptor surface is matched by an equal mass flow
rate of gas flowing along the axis from the showerhead
toward and against the susceptor surface. The axial
flow rate is furnished and controlled by the rate of
injection of the inlet gas. If the inlet gas flow

rate is too small, the susceptor becomes starved for
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fluid, while if the inlet gas flow rate is too high,
fluid backs up near the susceptor surface. In either
case, the velocity profile will not be of the proper
shape to give a uniform boundary layer thickness near
the susceptor surface and hence the benefits of
rotation will not be fully realized. At a given
temperature, pressure, inlet gas composition, and
susceptor rotation rate, only one inlet gas flow rate
or a narrow range of inlet gas flow rates gives
optimum operation. This flow rate is commonly
referred to as the '"matched f}ow rate" for the given
set of conditions. they may be determined
theoretically or by experimentation for each process
and each reactor, and preferably, first theoretically
and then verified or fine tuned experimentally. For
blanket and selective tungsten CVD, an inlet gas flow
rate will fall generally within the range of from 0.5
slpm to 5.0 slpm for the temperatures, pressures, gas
composition and rotational speeds discussed above.

For example, for blanket tungsten deposition, 0.1 sipm
of WFy and 2.0 slpm for H,, for a total flow of 2.1
slpm, has been found preferable for 425°C, 80 Torr and
750 RPM. For selective tungsten CVD, 0.1 slpm of

SiH,, 0.15 slpm for WF, and 2.75 slpm for H,, for a
total flow of 3.0 slpm, has been found preferable for
280°C, 5 Torr, and 250 RPM. Generally, flow rate must

be increased when temperature, rotational speed or

SUBSTITUTE SHEET



WO 93/25722 PCT/US93/05517

_20_
viscosity are increased, or when pressure is
decreased, when the other parameters are held
constant.

What is claimed is:
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1. A method of depositing a film by chemical
vapor deposition on a patterned wafer substrate,
comprising the steps of:

rotating a patterned wafer substrate about
an axis thereof in a CVD reaction chamber;

directing reactant gases into the CVD
reaction chamber and toward the patterned wafer
substrate in a direction generally perpendicular to
the plane of rotation of the patterned wafer
substrate, the reaction chamber maintained at an
effective pressure and the patterned wafer substrate
heated to an effective temperature whereby a high
guality film is deposited by chemical vapor deposition

on the patterned wafer substrate.

2. A method of claim 1 wherein said film is
selected from the group consisting of elemental films,

compound films, alloy films, and solid solution films.

3. A method of claim 2 wherein said film is an
elemental film selected from the group consisting of

tungsten, copper, aluminum, silicon and titanium.

4. A method of claim 2 wherein said film is a
compound film selected from the group consisting of
titanium nitride, titanium disilicide, tungsten

disilicide, silicon dioxide and silicon nitride.
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5. A method of claim 2 wherein said film is an
alloy film selected from the group consisting of
aluminum/silicon alloys and aluminum/copper/silicon

alloys.

6. A method of claim 2 wherein said film is a
solid solution film selected from the group consisting
of phosphosilicate glass and borophosphosilicate

glass.

7. A method of claim 3 wherein said elemental

film is a blanket tungsten film.

8. A method of claim 7 wherein the pressure in
the reaction chamber is maintained in the range of

about 10 to 240 torr.

9. A method of claim 8 wherein the patterned
wafer substrate is heated to a temperature in the

range of about 425° to 525°C.

10. A method of claim 9 wherein the patterned

wafer substrate is rotated at a rate in the range of

about 100-1500 rpm.
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11. A method of claim 10 wherein the reactant
gases are supplied to the reaction chamber at a flow

rate in the range of about 0.5-5.0 slpm.

12. A method of claim 3 wherein said elemental
film is a selective tungsten film deposited in the

patterned areas of the patterned wafer substrate.

13. A method of claim 12 wherein the pressure in
the reaction chamber is maintained in the range of

about 0.1-10 torr.

14. A method of claim 13 wherein the patterned
wafer substrate is heated to a temperature in the

range of about 250°C-300°C.

15. A method of claim 14 wherein the patterned
wafer substrate is rotated at a rate in the range of

about 100-1500 rpm.

16. A method of claim 15 wherein the reactant

gases are supplied to the reaction chamber at a flow

rate in the range of about 0.5-5.0 slpm.
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17. A method of depositing a blanket tungsten
film by chemical vapor deposition on a patterned wafer
substrate, comprising the steps of:

rotating a patterned wafer substrate about
an axis thereof in a CVD reaction chamber at a rate in
the range of about 100-1500 rpm;

directing reactant gases into the CVD
reaction chamber and toward the patterned wafer
substrate in a direction generally perpendicular to
the plane of rotation of the patterned wafer substrate
at a flow rate in the range of about 0.5-5.0 slpm, the
reaction chamber maintained at a pressure in the range
of about 10-240 torr and the patterned wafer substrate
heated to a temperature in the range of about 425°-
525°C whereby a high quality blanket tungsten film is
deposited by chemical vapor deposition on the

patterned wafer substrate.
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18. A method of depositing a selective tungsten
film by chemical vapor deposition on a patterned wafer
substrate, comprising the steps of:

rotating a patterned wafer substrate about
an axis thereof in a CVD reaction chamber at a rate in
the fange of about 100-1500 rpm;

directing reactant gases into the CVD
reaction chamber and toward the patterned wafer
substrate in a direction generally perpendicular to
the plane of rotation of the patterned wafer substrate
at a flow rate in the range of about 0.5-5.0 slpm, the
reaction chamber maintained at a pressure in the range
of about 0.1-10 torr and the patterned wafer substrate
heated to a temperature in the range of about 250°-
300°C whereby a high quality selective tungsten film
is deposited by chemical vapor deposition on the

patterned wafer substrate.
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