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METHODS AND APPARATUS FOR EX SITU
SEASONING OF ELECTRONIC DEVICE
MANUFACTURING PROCESS COMPONENTS

CROSS REFERENCE

[0001] The present application is a division of U.S. appli-
cation Ser. No. 12/189,141, filed Aug. 9, 2008, which claims
the benefit of U.S. Provisional Application No. 60/955,281,
filed Aug. 10, 2007. The contents of each of these applications
are incorporated by reference herein in their entireties.

FIELD OF THE INVENTION

[0002] The present invention relates generally to equip-
ment used in electronic device manufacturing and more par-
ticularly relates to methods and apparatus for conditioning
electronic device manufacturing equipment components.

BACKGROUND OF THE INVENTION

[0003] The manufacture of electronic devices, including
semiconductor devices, electronic displays, and solar cells,
for example, may typically include many processes, which
processes may be conducted on electronic device manufac-
turing systems. These processes may include, but are not
limited to, deposition, chemical treatment, etching, polishing,
ion implantation, epitaxial crystal growth, oxidation, photo-
lithography, diffusion, metallization, and cleaning, etc.
[0004] Electronic device manufacturing systems may typi-
cally be expensive systems to purchase, put into service and
maintain. A typical electronic device manufacturing facility,
or fab, may have many of these systems, resulting in a capital
intensive facility. While the systems are operational and pro-
ducing electronic devices, however, these systems, and hence
the facility, may be quite profitable. When an electronic
device manufacturing system is taken out of service for main-
tenance (sometimes referred to herein as “down for mainte-
nance”), the facility may lose the output of a profitable piece
of capital equipment, until the system can be brought back
into production service, and the facility’s cost of operation
may increase while its profitability may decrease. The longer
the system is down, the less profitable the facility may be. The
fab operator will therefore typically desire to put the system
back into service as soon as possible.

[0005] Methods and apparatus for reducing the time elec-
tronic device manufacturing systems are down for mainte-
nance, and for increasing the performance of electronic
device manufacturing facilities, are desirable.

SUMMARY OF THE INVENTION

[0006] In one aspect, a method of improving the perfor-
mance of an electronic device manufacturing facility is pro-
vided including the step of reducing the number of electronic
device manufacturing component seasoning steps which are
performed using production equipment, whereby the amount
of electronic device manufacturing system downtime is
reduced.

[0007] Inanother aspect, a method for seasoning a compo-
nent of an electronic device manufacturing system is pro-
vided, including the step of seasoning the component before
the component is installed into the electronic device manu-
facturing system.

[0008] In yet another aspect, a method for seasoning an
electronic device manufacturing system component having
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an orifice is provided, including the steps exposing the com-
ponent to a plasma; and forcing the plasma through the ori-
fice.

[0009] In still another aspect, a system for seasoning a
component of an electronic device manufacturing system is
provided, including: a seasoning chamber; a gas supply con-
nected to the seasoning chamber; a fixture adapted to support
the component inside of the seasoning chamber; a vacuum
pump connected to the fixture; and an upper electrode and a
lower electrode adapted to create a plasma inside of the sea-
soning chamber; wherein the fixture is further adapted to
draw the plasma through an orifice of the component.
[0010] Numerous other aspects are provided in accordance
with these and other aspects of the invention. Other features
and aspects of the present invention will become more fully
apparent from the following detailed description, the
appended claims and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG.1is a flowchart depicting a prior art method for
in situ seasoning of an electronic device manufacturing sys-
tem component.

[0012] FIG. 2is aflowchart depicting an embodiment of the
invention for ex situ seasoning a component of an electronic
device manufacturing system.

[0013] FIG. 2A is a flowchart depicting another embodi-
ment of the invention for ex situ seasoning a component of an
electronic device manufacturing system.

[0014] FIG. 3 is a schematic depiction of an apparatus of
the invention for ex situ seasoning a component of an elec-
tronic device manufacturing system.

[0015] FIG. 4 is a schematic depiction of an ex situ season-
ing system of the present invention.

DETAILED DESCRIPTION

[0016] As stated above, the manufacture of electronic
devices may typically include many processes, which pro-
cesses may be conducted on electronic device manufacturing
systems. Electronic device manufacturing systems include,
but are not limited to, process chambers. Many of the com-
ponents which make up these electronic device manufactur-
ing systems may tend to wear or otherwise become undesir-
able or non-useful over time and require replacement and/or
refurbishment. It has been found that when new or refur-
bished components are installed into electronic device manu-
facturing systems, many of the new components may require
some form of seasoning or conditioning, because otherwise
electronic devices which are manufactured using the systems
which contain the newly installed components may not be
manufactured within required specifications (e.g., the elec-
tronic devices may contain too many defects).

[0017] The following detailed description makes use of a
particular example, that of ex situ seasoning of plasma pro-
cess components, to illustrate a broader concept of the inven-
tion: that the performance and/or capacity of an electronic
device manufacturing facility may be improved by providing
the facility operator with more predictability regarding the
operational status of the facility’s manufacturing systems.
This predictability may be provided through the relocation of
selected seasoning and/or conditioning steps from the manu-
facturing facility and the production machinery to nonpro-
duction machinery which may be located outside of the
manufacturing facility. Thus, although the following descrip-
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tion may focus upon removing plasma process seasoning
steps from the manufacturing facility and the facility’s pro-
duction machinery to nonproduction seasoning equipment,
the broad concept of the invention may be useful with many or
all of the different processes which take place in an electronic
device manufacturing facility, such as chemical mechanical
polishing, chemical deposition, ion implantation, epitaxial
crystal growth, oxidation, photolithography, diffusion, met-
allization, and cleaning, etc.

[0018] Several processes make use of a plasma during the
process and are referred to herein as plasma processes. Over
time, the equipment used in a plasma process may deteriorate
and a component of the equipment may need to be replaced
with a new or refurbished component. A problem associated
with the installation of a new or refurbished component in
plasma process equipment is that after the new component is
installed in the equipment, the new or refurbished component
may shed particles during plasma processing. If the particles
land on a wafer which is being processed, the wafer may
become unacceptably damaged or fall out of specification and
may need to be discarded. Wafers may be very expensive
articles, on the order of about $2,500 each, more or less, and
it may be unacceptable to damage and discard them.

[0019] A known method to avoid the damage which may be
caused by new components is to season, or condition, the
installed component in a process known as “in situ” season-
ing. In situ seasoning typically takes place in production
process equipment. The in situ seasoning process may require
exposing the new or refurbished components to a plasma in
the plasma process equipment for over 100 RF hours (e.g.,
hours of exposure to a plasma formed with radio frequency
energy). The in situ seasoning process may continue until
testing determines, or experience suggests, that the process
equipment which contains the new or refurbished component
is capable of performing within specification. This may mean
that number of particles which land on a test wafer in the
plasma process equipment is within specification. (Test
wafers may be used during the in situ seasoning process to
avoid damaging production wafers.) Although the in situ
seasoning process may operate to reduce or minimize the
damage or destruction of wafers, the in situ seasoning process
does have drawbacks. For example, the in situ seasoning
process may be considered “down time” because no product
is made during this period. Down time may be defined as time
during which an electronic device manufacturing system in a
fab is unable to produce product. Such down time may be
undesirable because it may reduce the manufacturing output
of a facility and may increase the cost of operation (COO).
Methods for reducing the down time of electronic device
manufacturing equipment are therefore desirable.

[0020] In one embodiment of the present invention, elec-
tronic device manufacturing system down time may be
reduced by a method of seasoning (sometimes referred to as
pre-seasoning) a new or refurbished component prior to
installing the component into production plasma process
equipment. In this embodiment the seasoning may be con-
ducted in a nonproduction seasoning chamber. The seasoning
of a component in a nonproduction seasoning chamber, or
anywhere outside of a process chamber which is used to
produce product in a fab, is referred to herein as “ex situ”
seasoning.

[0021] One of the benefits of ex situ seasoning may be to
reduce or eliminate the need for in situ seasoning of a com-
ponent. The reduction or elimination of the need for in situ
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seasoning of the component may result in the increase of the
manufacturing output of a facility and a corresponding
decrease of the cost of operation of the facility. Another
benefit of ex situ seasoning may be to provide predictability to
the operator of a fab. Such predictability may be the knowl-
edge that the ex situ seasoned component may be installed
into an electronic device manufacturing system, and either no
further seasoning, or a reduced, known number of seasoning
cycles, may be required to put the electronic device manufac-
turing system back into production In some cases fewer in situ
seasoning steps are required based upon the ex situ seasoning
performed. In the context of a plasma process, a seasoning
cycle may be defined as beginning with the insertion of a test
wafer into a process chamber, the exposure of the newly
installed component and the test wafer to a plasma, and the
removal of the test wafer from the process chamber.

[0022] Another benefit of ex situ seasoning may be that
production process equipment may suffer less wear and tear
because the production process equipment is not being used
to in situ season components.

[0023] Yet another benefit of ex situ seasoning may be that
ex situ seasoning may provide improved performance of a
component when compared to the performance of an in situ
seasoned component.

[0024] In another embodiment of the present invention,
chamber components which have holes or orifices, and/or a
front side (which faces plasma and a wafer during use in an
electronic device manufacturing system), and a backside
(which faces a non-plasma gas during processing), may be
seasoned ex situ using a seasoning chamber and fixture which
are adapted to expose the holes, and/or both the front side and
the backside of the component, to a seasoning plasma during
the seasoning process. During in situ seasoning of such com-
ponents, the holes, and/or backsides, do not typically become
seasoned as quickly as the front side of the component and
may continue to shed particles for many more production
wafer cycles then a component which has been seasoned ex
situ according to the present invention.

[0025] FIG. 1 is a flowchart depicting a prior art method
100 for in situ seasoning of an electronic device manufactur-
ing system component. Components used in plasma process-
ing may be replaced due to a predetermined preventative
maintenance schedule or because the performance of the
component has deteriorated. Performance deterioration may
be evidenced by an increased number of particles produced
(particles are referred to by a variety of names including
“adders” and “FM”, which is short for “Foreign Material”),
poor process uniformity, metal contamination on processed
substrates, or even electrical arcing during plasma process-
ing. Performance deterioration may occur in other manners.
Acceptable levels of adders, uniformity, or metal contamina-
tion may vary based upon the identity of an electronic device
manufacturer, the nature of a product produced and a size of
a substrate produced. For example, in the case of adders, it is
possible that a device manufacturer of processors using 300
mm substrates may require fewer than 10 adders of 0.15
microns or more in size. In another example, in the case of
uniformity, it is possible that a device manufacturer may
require a particular process to be 95% uniform (or, stated
another way, less than 5% non-uniform) across a substrate.
Alternatively, the non-uniformity requirement may be as rig-
orous as less than 2% non-uniform across a substrate.
[0026] Plasma equipment may include etch equipment
such as reactive ion etcher (RIE), or sputter etchers. Plasma
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equipment may also include deposition equipment, such as
Plasma Enhanced Chemical Vapor Deposition (PECVD),
High Density Plasma enhanced chemical vapor deposition
(HDP-CVD), and various embodiments of physical chemical
vapor deposition (PVD) equipment including Self-Ionized
Plasma physical vapor deposition (SiP-PVD). Other plasma
equipment may be included. While the plasma equipment
may include a varied number of components, the most com-
monly replaced components may include showerheads, sus-
ceptors, and various perimeter rings/shields, depending upon
the equipment type.

[0027] Priorart method 100 begins in step 102. In step 104,
an unseasoned component is installed in an electronic device
manufacturing system. In step 106, the component is sea-
soned in situ.

[0028] Asdescribed above, in situ seasoning (meaning sea-
soning the showerhead after it has been installed in the equip-
ment) may take over 100 RF hours. RF hours may be the
number of hours the equipment or component has been
exposed to radio frequency (RF) energy used when the
plasma is generated and in contact with the component. When
performing an in situ seasoning, a substrate, typically a test
substrate, may be loaded in a processing chamber and a
plasma seasoning process (appropriate for the chamber type)
may be started. The process may last for 3 to 4 minutes and
then the substrate may be removed and a second substrate
may be inserted into the chamber. The plasma seasoning
process may be repeated on the second substrate. The cycle
may continue for as many as 3,000 wafer cycles or until 100
RF hours or more are accumulated. The total elapsed time
may typically be greater than the number of RF hours, as the
RF hours do not include the loading and unloading of sub-
strates.

[0029] In step 108, a determination is made whether the
component is sufficiently seasoned. If the determination is
made that the component is not sufficiently seasoned, in situ
seasoning may continue in step 106. If, in step 108, it is
determined that the component is sufficiently seasoned, in
situ seasoning method 100 ends in step 110. Step 108 may be
omitted, and instead, a predetermined number of wafer or
seasoning cycles may be performed before proceeding to step
110.

[0030] While seasoning may increase down time, it may
still be desirable to season a component prior to use to reduce
or prevent the shedding of particles, which may occur with
newly installed components (note that the components may
be either new or refurbished).

[0031] The present invention may address the problem of
significant down time by providing ex situ seasoned, or pre-
seasoned components, to an electronic device manufacturing
fab. By shifting the seasoning of a new component from an
electronic device manufacturing system in a fab to a nonpro-
duction seasoning system in a manufacturing facility, an elec-
tronic device manufacturer may be able to install the ex situ
seasoned component and start producing product without
having to suffer an extended downtime.

[0032] FIG. 2 is a flowchart depicting a method 200 for ex
situ seasoning of an electronic device manufacturing system
component, according to one embodiment of the invention.
[0033] Method 200 begins in step 202. In step 204, a com-
ponent of an electronic device manufacturing system is sea-
soned ex situ. As described above, this means that the com-
ponent may be seasoned in a chamber other than the process
chamber in which it will later be installed for use in the
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production of electronic devices. For example, the compo-
nent may be seasoned in a nonproduction seasoning chamber
which may be located at the component manufacturer’s or
refurbisher’s facility. Seasoning the component ex situ may
be advantageous for several reasons, including that the sea-
soning process may reduce or eliminate any in situ seasoning
that may need to be conducted in the fab, and also that an
advantageous seasoning recipe which might not be usable in
situ may be usable ex situ. A seasoning recipe may include a
prescription of exposing a component to one or more plasmas
of particular chemical composition, in one or more
sequences, orders, and/or combinations for one or more time
periods.

[0034] Step 204 may continue for a predetermined period
of time, which has been determined empirically, until the
component is sufficiently seasoned. Alternatively, in a step
not shown, the component which is being seasoned in step
204 may be evaluated against selected criteria to determine
whether it has been sufficiently seasoned to meet a predeter-
mined standard. Examples of such selected criteria include,
but are not limited to, micro-surface morphology/profile; sur-
face roughness; surface particle and/or contaminant levels
and substrate removal rate. The predetermined standard may
be that the component may be put into service without in situ
seasoning or that it may be put into service with a known,
limited amount of in situ seasoning. For example, the stan-
dard may be that the component is ready to be placed into
production service with no more than 20, 15, or 10 seasoning
or wafer cycles. Method 200 continues in step 206 in which
the ex situ seasoned component is installed into the electronic
device manufacturing system. Once the component has been
installed in the electronic device manufacturing system, fur-
ther seasoning, e.g., in situ seasoning, may be performed in
step 208. Method 200 ends in step 210.

[0035] FIG. 2A is a flowchart depicting a method 200A for
ex situ seasoning of an electronic device manufacturing sys-
tem component, according to another embodiment of the
invention. Method 200A may be similar to method 200 of
FIG. 2, with the exception that, in method 200A, after the
component has been installed in the electronic device manu-
facturing system, the system may be placed into service with-
out any further seasoning of the component.

[0036] As mentioned above, another advantage of the
methods of the present invention may be to provide predict-
ability and improved performance to the operator of a fab. For
example, in situ seasoning of a component may take up to
3000 or more wafer or seasoning cycles and achieve a per-
formance level of 10 or fewer particles per wafer. Embodi-
ments of the present invention may be used to reduce the
number of seasoning cycles to less than about 20 or less than
about 10 wafer or seasoning cycles, and achieve a perfor-
mance level of fewer than about 1 particle per wafer. [t may be
very valuable in the manufacture of electronic device manu-
facturing system components to be able to offer such predict-
ability and improved performance to fab operators.

[0037] Another advantage of ex situ seasoning is that sea-
soning configurations, methods and recipes which may not be
possible in a production plasma processing chamber may be
employed in a nonproduction ex situ seasoning chamber. For
example, as described above, chamber components which
have holes or orifices, and chamber components which have
a front side and a backside, present additional technical chal-
lenges relating to seasoning. In the case of showerheads, for
example, it has been found that the particle shedding matches
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the pattern of holes in the showerhead. Likewise, other com-
ponents that may include holes, such as, for example, screws,
lift pins or the like, may also exhibit particle shedding in a
pattern that mirrors the hole pattern. In a production plasma
processing chamber, it may take an unacceptably long time
for the inner surfaces which form an orifice to become sea-
soned. Similarly, the rate at which the backside of a compo-
nent becomes seasoned in a production plasma processing
chamber may also be unacceptably slow. The present inven-
tion provides embodiments for seasoning components which
contain holes, and/or front sides and backsides.

[0038] FIG. 3 is a schematic depiction of a fixture 300,
which is one embodiment of the invention for seasoning,
among other things, components which contain holes and/or
front sides and backsides. Fixture 300 may be used to hold a
component in an ex situ pre-seasoning system such as that
described below and depicted in FIG. 4. The fixture may be
made of any suitable metal, such as for example, aluminum,
stainless steel, or any other plasma processing compatible
material which may also be capable of acting as an electrode.
The shape of the fixture may mimic or complement that of a
component to be pre-seasoned. For example, if the compo-
nent is a SiC plate which is round and has a diameter of about
16 inches, the fixture may be a cylinder with a similar or
slightly smaller diameter than the SiC plate. The fixture may
have a lip 302 upon which the component may rest. The lip
302 may be wide enough to support the component, and allow
the creation of a vacuum between the component and an
interior of the fixture 304. The lip 302 may not, however,
cover any of orifices of the component to be seasoned to avoid
interfering with the seasoning process. For large components,
the fixture may include at least one strut (not shown) for
further support. A height 306 of the fixture may vary from less
than 1 inch to about 10 inches. The height may be optimized
s0 as to minimize volume without compromising orifice and/
or backside seasoning. The fixture may include at least one
vacuum port connection 308. The figure shows the vacuum
connection in the center bottom. However, this is for purposes
of example only, and the location of the vacuum connection
may vary, provided that all of the orifices are sufficiently
seasoned. Additionally, several pumps or vacuum ports may
be used, such as in the case of very large components (e.g.,
those used in flat panel display manufacturing) or the like.
[0039] Turning to FIG. 4, a system 400, which is an
embodiment of an ex situ seasoning system of the present
invention, is depicted. The system 400 may be a plasma
seasoning system, including a plurality of chamber walls 402.
The shape of the system in FIG. 4 is a square or rectangular
box. Other shapes are possible, however, to accommodate
components of varying shapes, to minimize pumping volume,
or to integrate the system with other processing units. The
system 400 may also include a first and a second electrode.
The first electrode 404 may be formed by the walls 402 of the
system and may go to ground. The second electrode 406 may
be formed by the fixture 408 (which was described in more
detail with reference to FIG. 3). The second electrode 406
(e.g., fixture 408) may be RF hot. Other configurations of
electrodes may be used. The fixture may be supported by a
plurality of legs 410. The legs 410 may be made of a ceramic
or any suitable insulating material. A vacuum pump line 412
may attach the fixture to a vacuum pump (not shown) outside
the chamber walls 402. The system 400 may include at least
one gas feed line 414. The system 400 may have one or more
windows 416 for viewing the plasma. The system 400 may
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also include a door 418, or other means for allowing the
component to enter or exit the system, such as a lid or a slit
valve. It will be recognized, though not shown, that the sys-
tem may also include lift pins or other mechanisms for use
with robotic handlers of components.

[0040] In operation, a component 420 may be positioned
face up, e.g. front side up, on the fixture 408. A plasma may be
struck, flowing one or more gases through the feed line 414,
and by applying power to the fixture 408. The plasma may
surround the component and the fixture and then be pulled
through the orifices in the component to the vacuum pump
line 412 connected to the fixture 408. Pulling the plasma
through the orifices from the face-side to the backside of the
component may enable the orifices and the backside of the
component to be pre-seasoned. Seasoning the orifices and
backside of a component may not be possible with in-situ
seasoning, because in such an arrangement, the plasma and
the pump may typically be on the same side of the component.
Therefore, no plasma may be pulled through the orifices to the
backside of a component during in situ seasoning.

[0041] The foregoing description discloses only exemplary
embodiments of the invention. Modifications of the above
disclosed apparatus and methods which fall within the scope
of'the invention will be readily apparent to those of ordinary
skill in the art. In some embodiments, the apparatus and
methods of the present invention may be applied to semicon-
ductor device processing and/or electronic device manufac-
turing. In other embodiments, the ex situ seasoning/condi-
tioning may be applied to processes other than plasma
processes, such as chemical mechanical polishing, chemical
deposition, ion implantation, epitaxial crystal growth, oxida-
tion, photolithography, diffusion, metallization, and clean-
ing, etc.

[0042] Accordingly, while the present invention has been
disclosed in connection with exemplary embodiments
thereof, it should be understood that other embodiments may
fall within the spirit and scope of the invention, as defined by
the following claims.

What is claimed is:

1. A system for seasoning a component of an electronic
device manufacturing system, the component having a face-
side, a backside, and a surface defining an orifice that extends
between the face-side and the backside, the system compris-
ing:

a seasoning chamber;

a gas supply connected to the seasoning chamber;

a fixture configured to support the component inside of the
seasoning chamber so that the ends of the orifice are
exposed when the component is on the fixture;

a vacuum pump connected to the fixture and operable to
create a pressure differential across the face-side and the
backside of the component; and

an upper electrode and a lower electrode operable to create
a plasma inside of the seasoning chamber;

wherein the fixture is further configured so that the plasma
is drawn through the orifice of the component in
response to the pressure differential across the face-side
and the backside of the component.

2. The system of claim 1 wherein the upper electrode

comprises a wall of the seasoning chamber.

3. The system of claim 1 wherein the lower electrode
comprises the fixture.
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