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FOR ANNEALING AN AMORPHOUS FILM USING MICROWAVE ENERGY
Field of the Invention   5           The present invention relates
generally to a method and an apparatus for        annealing amorphous
films, and more particularly to a method which may be used        to anneal
amorphous silicon films ("a-Si") so that they are transformed into
polysilicon films ("p-Si"). The method uses microwave energy to perform the
heating for the anneal. 10                                   Background of
the Invention               Plasma-assisted chemical reactions, such as
plasma-enhanced chemical vapor        deposition ("PECVD"), have been
widely used for film deposition in the        semiconductor and flat panel
display industries in the manufacture of thin film 15   transistors
("TFT"s) for active-matrix liquid crystal displays ("AMLCD"s), e.g.. In
accordance with PECVD, a substrate is placed in a vacuum deposition chamber
that        is equipped with a pair of parallel plate electrodes. One of
the electrodes, e.g., the        lower electrode, generally referred to as
a susceptor, holds the substrate. The other        electrode, e.g., the
upper electrode, functions as a gas inlet manifold or shower 20   head.
During deposition, a reactant gas flows into the chamber through the upper
electrode and a radio frequency (RF) voltage is applied between the
electrodes to       produce a plasma within the reactant gas. The plasma
causes the reactant gas to       decompose and deposit a layer of material
onto the surface of the substrate.              Two types of materials
often deposited are p-Si and a-Si. Both a-Si and p- 25    Si are used to
fabricate TFTs, such as those used in AMLCDs. Other applications
include solar cells, etc. Typically, p-Si is deposited from a silane source
at a       substrate temperature above about 600 degrees Celsius ([err]C).
If the substrate       temperature is lower, the initially deposited
structure is a-Si; i.e., it has no definite       arrangement of atoms. 30
Thus, it is often easier to deposit a-Si because less substrate heating is 



required. However, devices made with a-Si often exhibit poorer performance
when                                                         2
compared to the same devices made with p-Si. E.g., field effect mobility,
which is       generally accepted to be one of the most important device
characteristics, may be       better for p-Si than for a-Si by
orders-of-magnitude. Thus, using p-Si films instead       of a-Si films may
increase the performance of devices such as flat panel displays.  5
Fortunately, a p-Si film may be obtained from an a-Si film by annealing the
a-Si       film.               Annealing, however, may be difficult in some
cases. One reason for this       concerns the quality of the substrate
used. For a commercially-viable application       of flat panel displays,
e.g., the glass substrates used should be inexpensive. 10   However, the
maximum processing and deposition temperature of an inexpensive       glass
substrate may be relatively low, e.g., below 400[err]C. At these
temperatures,       only a-Si can be deposited.               Current
annealing methods encounter difficulties with such substrates.       These
techniques heat the substrate and the film at the same time, and thus are
15   problematic for the reason noted above.               Conventional
methods of performing annealing include, among others, laser
annealing, thermal annealing, and lamp annealing. These approaches have
certain       inherent drawbacks. Laser annealing requires a complicated
scanning laser       configuration. Thermal annealing requires, e.g., a
source of hot gas in addition to 20   the gas sources already required for
deposition. Lamp annealing requires a       complicated multiple-lamp
system to ensure temperature uniformity.
Summary of the Invention              In one aspect, the invention is
directed to a system for annealing a film on a 25   substrate in a
processing chamber, including a microwave generator disposed to
provide microwaves to an area within the interior of the chamber. The
microwaves       have a frequency in a range such that the film is
substantially absorptive at some       frequency within the range but the
substrate is not substantially absorptive at the 



frequencies in the range. A waveguide distributes the microwaves over the
surface 30   of the film to provide a substantially uniform dosage of
microwaves over the       surface of the film.
Implementations of the invention may include one or more of the following.
3         The substrate may be glass and the film amorphous silicon. The
microwave        frequency may be about 2.45 GHz.               In another
aspect, the invention is directed to a method of annealing a film        in
a processing chamber. The method includes depositing a film on a substrate
in  5   the processing chamber. During at least a portion of the time of
the depositing        step, microwaves are generated having a predetermined
frequency. The film has an        absorption peak at or near the
predetermined frequency but the substrate lacks a        substantial
absorption peak at or near the frequency. The microwaves are directed
towards the film. 10           Implementations of the invention may include
one or more of the following.        The deposition step may include the
step of forming a silane plasma within the        processing chamber.
In another aspect, the invention is directed to a method of annealing an
amorphous film of silicon in a thermochemical processing chamber to form a
film 15   of polysilicon. An amorphous silicon film is deposited on a glass
substrate in the        processing chamber. Microwaves are generated having
a frequency such that the        amorphous silicon film is substantially
absorptive at or near the frequency but the        glass is not
substantially absorptive at or near the frequency. The microwaves are
guided to the surface of the amorphous silicon film such that the amorphous
silicon 20   film is transformed into a polysilicon film.               In
another aspect, the invention is directed to a method similar to the above.
A further step includes heating the film for a predetermined time period
using the       microwaves.              In another aspect, the invention
is directed to a method of annealing a film 25   in a processing chamber.
In this method, a film is provided on a substrate in the       processing
chamber, and a gas is provided in the processing chamber. Microwaves 



are generated having a frequency such that the microwaves induce a plasma
of at       least a portion of the gas. The microwave-induced plasma has a
substantial thermal       energy transfer to the film. 30           In
another aspect, the invention is directed to a method of depositing and
annealing a film in a processing chamber. A substrate is provided in the
processing       chamber. A gas is flowed into the processing chamber.
Microwaves are generated
4        having a such that a portion of the microwaves induce a plasma of
at least a       portion of the gas. A film is deposited on the substrate
from the plasma. The       microwaves are directed to the surface of the
film, the microwaves having a       frequency such that the film is
substantially absorptive at or near the frequency but  5   the substrate is
not substantially absorptive at or near the frequency.
Advantages of the invention include the following. The invention achieves
an anneal of a-Si films, transforming a-Si films into p-Si films, without
the       complexity of, e.g., laser annealing, thermal annealing, or lamp
annealing systems.       The invention also achieves a higher quality
anneal by not heating the substrate 10   during the anneal, instead only
heating the deposited film. In this way, lesser       quality substrates
may be accommodated if necessary. Finally, the system of the
invention may be easily scaled for large or small substrates.
Other features and advantages of the invention will be apparent from the
following description, including the drawing and the claims. 15
Brief Description of the Drawings              FIG. 1 is a cross-sectional
view of a PECVD processing chamber employing       a microwave annealing
system.              FIG. 2 is a schematic view of a chamber employing a
microwave generator 20   and waveguide used in the annealing of films
according to an embodiment of the       present invention.
Detailed Description 



The present invention is directed to a method for annealing deposited
films. 25   In the implementation described, the invention is used in a
PECVD chamber.       Pertinent details of such chambers are described below
following the description of       the method. Certain of the details are
specific to this implementation and may be       changed as required by the
processing conditions and parameters.              Referring to Fig. 1, a
PECVD apparatus 130 includes a susceptor 135, 30   having a substrate
support plate 20 mounted on a stem 137. The susceptor is       centered
within a vacuum deposition process chamber 133. A surface 23 of
support plate 20 supports a substrate such as a glass panel (not shown) in
a                                                        5
substrate processing or reaction region 141. Substrates are transferred
into and out        of chamber 133 through an opening 142 in a sidewall 134
of chamber 133 by a        robot blade (not shown).               The
process gases (indicated by arrow 123) flow into chamber 133 through  5
an inlet manifold 126. The gases then flow through a perforated blocker
plate 124        and holes 121 in a process gas distribution faceplate 122.
Small arrows in the        substrate processing region 141 of FIG. 1
indicate this gas flow.               An RF power supply (not shown) may be
used to apply electrical power        between gas distribution faceplate
122 and susceptor 135 so as to excite the process 10   gas mixture to form
a plasma. At the same time, the substrate is supported in the       vacuum
deposition process chamber and may be heated to several hundred degrees
Celsius. The constituents of the plasma react to deposit a desired film on
the       surface of the substrate on support plate 20.              A
processing step discussed here is the deposition of silicon. Silicon may 15
be deposited using decomposition of silane (SiH4):
SiH4 -----> Si + 2H2.                In a first embodiment, a
post-deposition anneal increases the film uniformity 



20   by further crystallizing the film using microwave energy.
A microwave generator 173 forms microwaves, which are directed towards
the surface of the a-Si film. The microwaves are directed via waveguides
175       through sapphire windows 137 such that each part of the film
surface area receives       an approximately equal "dosage" of microwaves.
25           Microwave generator 173 may be an "off-the-shelf" microwave
generator.       Alternatively, such a generator may be modified to achieve
the features described.              Microwave generators may also be used
which have an exceptionally wide       beam so as to ensure a uniform
microwave illumination over the entirety of the       film. E.g., microwave
beam sources have been developed which can produce a 30   beam having an
area of one square meter or even larger. One way of creating a       large
area planar microwave distribution is described in "Large Area Planar
Microwave Plasmas", Microwave Discharges: Fundamentals and Applications,
6         edited by C.M. Ferreira and M. Moisan, pages 205-213, (Plenum
Press, N.Y.        1993), incorporated herein by reference.
The microwave energy may be directed by an appropriate design of a
microwave waveguide 175 as is known in the art. Alternatively, a number of
5   waveguides may be employed in order to achieve a uniform dosage. If
only one       microwave waveguide is employed, a scanning or dispersing
system may be used to       distribute the microwaves in a uniform manner
over the extent of the substrate.               The range of microwave
frequencies emitted by the microwave generator is       chosen such that
the film, e.g., a-Si, is strongly absorptive. The range of 10   microwave
frequencies chosen may also be such that the substrate is not strongly
absorptive. E.g., a frequency of 2.45 GHz may be used.
Microwaves from waveguide 175 may enter into processing region 141
through a sapphire window 137. The microwaves are incident on the film on
substrate 165. Substrate 165 may rest on substrate support plate 20 (see
Fig. 1) or 15   alternatively on glass supports 171.               The
above anneal heats the film but much less so the glass substrate. The
film is heated and is made to recrystallize to form a high quality film of
p-Si. 



Since the substrate glass is not substantially heated, bubbling and peeling
of the       film from the substrate is substantially eliminated. 20
In a second embodiment, which may also be described by FIG. 2, the
microwave energy does not directly necessarily transfer energy to the film.
Rather,       the microwave energy is used to generate a plasma, which can
efficiently transfer       thermal energy to the film, thereby heating the
film. In this embodiment, the       frequency and energy of the microwaves
are not necessarily chosen to match a 25   significant absorption band in
the film. Rather, the resulting "microwave-assisted"       plasma is chosen
for its energy transfer capabilities to the film. In particular, the
plasma should be highly efficient in transferring energy to the film, which
results in       a temperature rise of the film. In other words, the plasma
heats the film. No       deposition generally occurs from the plasma in
this embodiment. 30           A benefit of this embodiment is that these
so-called "microwave-assisted"       plasmas result in less ion-induced
damage to the film. One reason for the reduced       damage is that the
ions generated are less energetic than the ions generated by the
7         more typical RF plasma.               A further benefit of this
embodiment results if the gas used is hydrogen.        Use of a hydrogen
plasma can result in a beneficial and desirable "passivation"        effect
of the annealed p-Si film. Such a passivation effect can make the film  5
surface less susceptible to damage or contamination. Other gases, which may
be        used, include nitrogen or ammonia, but may generally include any
gas that is inert        to amorphous silicon. Referring to FIG. 2, the gas
may be injected via an inlet        port 177 and exhausted via an exhaust
port 180.               In the above first and second embodiments, the film
may be annealed in 10   either of two locations or chambers. First, the
film may be annealed in the same        deposition chamber in which the
film was formed. Such an anneal may be        described by the embodiment
of FIG. 1. Second, the film may be annealed in a        separate microwave
annealing chamber. This anneal may be described by the        embodiment of
FIG. 2. 15           In a third embodiment, the microwave energy performs
two functions. It 



generates a plasma of the deposition gases, which in this case may include
silane.       In other words, the microwave generator takes the place of
the RF voltage source       and a set of electrodes inside the chamber.
Thus, the system in this embodiment       would appear like that of FIG. 1
but would lack an RF generator. 20           The microwaves also anneal the
film. In other words, the microwave       generator emits energy which is
absorbed by the film to increase the film       temperature, causing an
anneal.              Therefore, in this embodiment, the a-Si film is
deposited on the surface of       the substrate and is annealed at
substantially the same time. This dual functionality 25   places
requirements on the microwave generator. The frequency and energy of the
microwaves must be appropriate for both plasma generation and for a-Si
heating.         EXAMPLE              An example procedure was run
illustrating one way of performing the 30   second embodiment of the
invention. This example, of course, should not be       construed as
limiting but rather merely illustrative. The experimental apparatus
appeared roughly like the apparatus of Fig. 2.
8                The film to be annealed was 2000 angstroms of a-Si and was
deposited on a        glass substrate made of Corning 1739 having a
thickness of 1.1 mm. A gas of        ammonia was flowed into the chamber to
a pressure of about 3 Torr. Microwaves        having a frequency of 2.45
GHz and a power of 3 kW were used to excite the gas  5   into a plasma.
After about 5 seconds, the film was appropriately annealed from a-
Si to p-Si. In general, this time could be on the order of a second to
several tens        of seconds or even minutes, depending on the film to be
annealed.               To optimize the procedure for other films, one may
vary the gas types, the       pressure of gas, the microwave power, and the
time of annealing. Of course, it is 10   desirable that the film not be
heated so much that the glass or other substrate, on       which the film
is deposited, melt. Given the short time of annealing demonstrated
above, this requirement may be conveniently met. E.g., a temperature of at
least 



1450[err]C is required to melt and anneal a-Si to p-Si. At this
temperature, the glass       would melt (its melting point being between
400[err]C and 600[err]C, depending on the 15   type of glass). Given the
preferential heating of the film rather than the glass, and       the short
time period achieved by these embodiments employing the invention, the
film may be effectively annealed without deleteriously affecting the glass.
After the anneal is performed by any of the three embodiments, the film
may be further processed. Such further processing may involve the growth or
20   deposition of other films on the p-Si as may be required for the
fabrication of a       device such as a TFT. Such processing may involve
reinstatement of a plasma for       use in deposition or other processes,
and this plasma may be of an inert gas or       otherwise.
Chambers in which the method of the invention may be implemented 25
include the following features. The chamber should allow for heating and/or
preheating of the substrate. Preheating may be employed to reduce the
amount of       microwave energy required. The chamber should be capable of
allowing the       annealing process to be carried out in various
environments including air, vacuum,       or a predetermined gas
environment so as to maintain a predetermined pressure. 30           The
present invention may be implemented, e.g., in a model AKT-3500       PECVD
System, manufactured by Applied Komatsu Technology of Santa Clara,
CA. The AKT-3500 PECVD system is designed for use in the production of
9        substrates for large liquid crystal flat panel displays. It is a
modular system with       multiple process chambers, which can be used for
depositing amorphous silicon,       silicon nitrides, silicon oxides,
oxynitride films, and other similar films. More       details regarding the
system may be found in U.S. Patent Application Serial No.  5   08/707,491,
entitled "A Deposition Chamber Cleaning Technique Using a High       Power
Remote Excitation Source", filed September 16, 1996, assigned to the
assignee of the present invention and incorporated herein by reference.
This detailed description has described an embodiment in which a glass
substrate is used. The term "substrate" is intended to broadly cover any
object that 10   is being processed in a process chamber, including flat
panel displays, glass or       ceramic plates, or disks. The present
invention is particularly applicable to large 



substrates such as glass plates having dimensions of 360 x 450 mm, 550 x
650       mm, and even larger.              While the present invention has
been described with reference to specific 15   embodiments, the scope of
the invention is defined by the appended claims.
10                                         10  WHAT IS CLAIMED IS:  1.    A
system for annealing a film on a substrate in a vacuum processing chamber
comprising       a plasma enhanced chemical vapor deposition chamber having
a substrate support centered in the chamber,       a sidewall opening in
the chamber for ingress and egress of a substrate to be processed in the
chamber while mounted on the substrate support;       a gas inlet manifold
having a plurality of openings for the passage of processing gas into the
chamber mounted opposed to and spaced from the substrate support;       an
RF power supply connected to said chamber to form a plasma therein from
said processing gas to deposit a film on said substrate;       a plurality
of microwave generators mounted above said chamber, each connected to a
waveguide mounted so as to direct microwaves uniformly over the surface of
said film through a plurality of windows in said chamber, said microwaves
having a frequency that is absorbed by said film and that is not absorbed
by said substrate.   2.    The system of claim 1, wherein the frequency is
about 2.45 GHz.   3.    A system according to claim 1 wherein said
microwaves generate a plasma in the chamber that transfers energy to said
film, thereby heating said film to anneal temperatures.   



REPLACEMENT SHEET                                                        11
7.    A method of annealing an amorphous film of silicon in a
thermochemical        processing chamber to form a film of polysilicon,
comprising the steps of:                      (1)   depositing an amorphous
silicon film on a glass substrate in               the processing chamber;
5                  (2)   generating microwaves having a frequency such that
said               amorphous silicon film is substantially absorptive at
said frequency but said               glass is not substantially absorptive
at said frequency; and                      (3)   guiding the microwaves to
the surface of said amorphous               silicon film such that said
amorphous silicon film is transformed into a 10           polysilicon film.
8.    A method of annealing a film in a processing chamber, comprising the
steps               of:                      (a) providing a film on a
substrate in the processing chamber; 15                  (b) generating
microwaves having a frequency, such that said film is
substantially absorptive at said frequency but said substrate is not
substantially absorptive at said frequency;                      (c)
directing the microwaves to the surface of said film; and
(d) heating said film for a predetermined time period. 20       9.    The
method of claim 8, wherein said film is amorphous silicon and said
substrate is glass.         10.   The method of claim 9, wherein said
frequency is about 2.45 GHz. 25 



11.   A method of annealing a film in a processing chamber, comprising the
steps       of:                      (a) providing a film on a substrate in
the processing chamber;                      (b) providing a gas in the
processing chamber; 30                   (c) generating microwaves having a
frequency, such that the              microwaves induce a plasma of at
least a portion of said gas, such that the              microwave-induced
plasma has a substantial thermal energy transfer to the
12              film.         12.   A method of depositing and annealing a
film in a processing chamber,       comprising the steps of:  5
(a) providing a substrate in the processing chamber;                   (b)
providing a gas in the processing chamber;                   (c) generating
microwaves having a frequency, such that a portion of             the
microwaves induce a plasma of at least a portion of said gas;
(d) depositing a film on the substrate from the plasma; 10
(e) directing the microwaves to the surface of said film, said
microwaves having a frequency such that said film is substantially
absorptive at said frequency but said substrate is not substantially
absorptive             at said frequency.   15    


