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(57) Abstract: In a small scaled plant intended for flexible manufacturing, a pure water supply system is provided at a low cost
without reducing a production efficiency. A pure water system produces a plurality of grades of pure water which are supplied
through pipes connected to points of use for cleaning, CMP, lithography, and the like. Upon receipt of a request signal from each
point of use for starting to use a certain grade of pure water, a controller determines whether or not a required amount exceeds the
capacity of the grade of pure water which can be supplied by the pure water system. If not, the controller sends a use permission
signal to the point of use for permitting the same to use the pure water. When a certain use point is using the requested grade of pure
water, the controller may not permit the requesting point of use to use the pure water until a use end signal is sent from the use point

which is using the pure water.
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DESCRIPTION

MATERIAL SUPPLY SYSTEM

IN SEMICONDUCTOR DEVICE MANUFACTURING PLANT

TECHNICAL FIELD OF THE INVENTION

The present invention relates to semiconductor
device manufacturing technologies, and more particularly to
a material supply system for supplying processing
facilities in a semiconductor device manufacturing plant
with materials which include gases, liquids and solids. It
should be first noted that the term "materials" used in
this specification include gases and liquids for use in
processing facilities for processing semiconductor wafers
and cleaning the processing facilities themselves such as
material gases and chemical, as well as gases, liquids and
granular solids which are not directly used for reactions
such as cooling water for pumps associated with the
processing facilities, heaters for heating reaction

chambers, and the like.

BACKGROUND ART
Conventional semiconductor device manufacturing
plants are generally large in scale for relying on the mass
production to reduce production costs. For example, one
known manufacturing plant is capable of producing 1,000
lots (one lot includes 100 wafers) per month. In such a

large scale plant, there are installed more than several
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hundred main apparatuses (equipments), and it would
typically include more than one hundred points of use which
are processing facilities that use pure water for
processing.

Fig. 1 illustrates a pure water supply system which
is an example of conventional material supply system. A
pretreatment equipment 1 introduces a coagulants and the
like into raw water, filters the raw water to remove turbid
components included in the raw water, and stores the
filtered water in a filtered water tank 2. Next, a primary
pure water system 3 mainly removes ion components included
in the filtered water from the pretreatment equipment 1
(and recovered water from a recovery system 7) to produce
primary pure water which is stored in pure water tank 4.
Next, an ultrapure water system (i.e., a subsystem) 5
further refines the primary pure water from the primary
pure water system 3 to produce ultrapure water. The
ultrapure water is supplied to a variety of points of use 6
in a semiconductor device manufacturing plant. Dilute
waste water such as rinse water from the points of use 6 is
recovered by the recovery system 7, and partially stored in
the filtered water tank 2, depending on the condition of
the recovered water, for reuse in the primary pure water
production in the primary pure water system 3, and
partially stored in a reuse tank 8 for reuse in the
facilities of the plant as appropriate. Waste water other
than the dilute waste water exhausted from the poihts of

use 6 is processed in a waste water processing system 9
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beforevit is emitted. In this event, solid components in
the waste water are dehydrated and wasted as sludge.

The ultrapure water produced in the foregoing manner
is supplied to all the points of use 6.

In the following description, the "primary pure
water" and "ultrapure water" are represented by "pure
water" when they are collectively referred to.

In recent years, however, semiconductor products
have been increasingly required in a wider number of
applications, including products for personal computers to
digital electric applianqes such as portable telephones,
but they tend to have shorter life cycles. To meet this
trend, a shift has been made f£rom mass production to
flexible production in the production of semiconductor
products, and moreover, the production is required to be
agile. A production method proposed to meet the
requirements is a small-scaled semiconductor device
manufacturing plant (hereinafter called the " small-scaled
plant"). The small-scaled plant,’however, is required to
be as cost-competitive as a large-scaled semiconductor
device manufacturing plant (hereinafter called the "large-
scaled plant "), in addition to the requirement that it be
capable of flexible production.

In regard to a pure water supply system in the
small-scaled plant, a simple reduction in scale of the pure
water supply system generally installed in a large-scaled
plant would cause an increase in the production cost of

pure water per unit (initial cost and running cost) which
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is reflected to a production cost of semiconductor products.

Such problems implied in the small-scaled plant are
not limited to the supply of pure water, but may apply to
the supply of materials such as material gases and
chemicals for use in processing of semiconductor wafers,
gases and liquids for washing processing facilities,
cooling water for pumps associated with the processing
facilities and heaters for heating reaction chambers, and
the like.

On the other hand, in conventional semiconductor
device manufacturing processes, a variety of processing
facilities in the plant use numerous material gases,
chemicals and solvents as required by particular processes.
These materials are generally supplied from cylinder
cabinets, gas generators, storage tanks for storing
chemicals and solvents, and refiners such as ion exchangers
through gas pipes or chemicals pipes routed over the plant,
respectively. The supply facilities such as the cylinder
cabinets, gas generators, storage tanks for storing
chemicals and solvents, refiners such as ion exchangers,
and the like must be sufficient in scale to appropriately
support the plant in terms of consumption rates of the
gases, chemicals and the like used therein. This
requirement must be applied not only to the supply
capabilities of the supply facilities but also to inner
diameters of pipes, through which the materials are
transported to respective manufacturing apparatuses

associated therewith, in conformity to the consumption
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rates.

However, in the processing facilities, these
material gases, chemicals and the like are not always
consumed at the same rate. For example, in an LPCVD
furnace in which a polycrystalline silicon f£ilm is
deposited on a plurality of substrates in batches by LPCVD,
the LPCVD furnace is supplied with a monosilane gas, which
is the material of the silicon film, only when the silicon
film is being deposited. Thus, although no monosilane gas
is consumed when the furnace is evacuated, when
semiconductor wafers are carried on shelf-like boards for
processing, and the like, the supply capability of an
associated supply facility, and the transport capability of
associated piping are designed based on the flow rate of
the monosilane gas when it is being consumed. When ten
such LPCVD equipments are installed in a plant, the supply
facilities and transport facilities are provided for the
ten equipments. Not limited to those materials which are
consumed directly in relation to the processing of
semiconductor wafers, such as the monosilane gas, cooling
water for a heater is required only when the heater is
operated for heating, and less water is required when the
heater is not operated.

Furthermore, the diameter of semiconductor wafers
used in the semiconductor manufacturing processes tends to
become larger year by year from a view point of production
efficiency, and accordingly larger processing chambers are

provided in the semiconductor manufacturing plant, causing
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an increase in the amounts of material gases and chemicals
consumed therein. Eventually, large capacities are
required to such supply facilities and transport facilities
in order to supply required amounts of material gases,
chemicals and the like, resulting in an increased
investment on the facilities.

Thus, a serious problem exists not only in small-
scaled plant but in large-scaled plant, namely, how to
economically run a system for supplying material gases,

chemicals and the like through a reduction in capacity.

DISCLOSURE OF THE INVENTION

The present invention has been made in view of the
above-mentioned problems found in the prior art, and it is
an object of the invention to provide a material supply
system in a semiconductor device manufactﬁring plant which
not only entails a low initial cost and running cost, but
is also capable of efficiently supplying processing
facilities with just the required amounts of materials only
when they are required for processing semiconductor wafers.

To achieve the above object, in a first aspect, the
present invention provides a material supply system for
supplying the same kind of a gas, liquid or solid material
to a plurality of processing facilities in a semiconductor
device manufacturing plant, the system comprising:

a material supply source; and

a controller for controlling the supply of the

material from a supply source to the processing facilities,
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such that a total amount of the material currently used by
the plurality of processing facilities ddes not exceed an
amount of the material which can be supplied from the
supply source, by controlling a start timing from which the
material is supplied to a processing facility.

In the material supply system in the first aspect
according to the present invention, it is preferable that
at least two of the plurality of processing facilities are
adapted to send to the controller use request signals for
requesting to start using the material, or the use request
signal and use end signals for notifying the end or an end
notice of use of the material, and the controller is
adapted to determine, upon receipt of the use request
signal associated with the material currently used in at
least one processing facility from another processing
facility, whether or not a total amount of the material
required by these processing facilities exceeds the amount
of the material which can be supplied by the supply source,
and send a use permission signal to the other processing
facility to permit the other processing facility to use the
material when determining that the total amount does not
exceed.

In a second aspect, the present invention also
provides a material supply system for supplying the same
kind of a gas, liquid or solid material to a plurality of
processing facilities in a semiconductor device
manufacturing plant, the system comprising:

a material supply source; and

7
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a controller for controlling the supply of the
material f£rom a supply source to a plurality of processing
facilities, such that the material is not used
simultaneously by a plurality of processing facilities by
controlling a start timing from which the material is
supplied to a processing facility.

In the material supply system in the second aspect
according to the present invention, it is preferable that
at least two of the plurality of processing facilities are
adapted to send to the controller use request signals for
requesting to start using the material, and use end signals
for notifying the end or an end notice of use of the
material, and the controller is adapted to respond to the
use request signal associated with the material currently
used in at least one processing facility from another
processing facility by delaying sending a use permission
signal for permitting the other processing facility which
has sent the use request signal to use the material, until
the controller receives the use end signal from the
processing facility which is using the material.

It is preferable that the material supply source is
a pure water producing for producing a plurality of quality
grades of pure water, and the controller is adapted to
control the supply of pure water to the processing
facilities on a grade-by-grade basis in the supply system
in each of the first and second'aspect according to the
invention.

The present invention, in a third aspect, further
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provides a material supplf system for supplying a gas,
liquid or solid material to processing facilities in a
semiconductor device manufacturing plant, the system
comprising:

a material supply source;

a buffer for temporarily storing the material; and

a controller for controlling the supply of the
material from the buffer to the processing facilities.

In the material supply system in the third aspect,
it is preferable to further comprise control means for
controlling the state of the material in the buffer, and/or
measuring means for measuring the state of the material in
the buffer. In addition, it is preferable to further
comprise means for quantifying the amount of the material
required at least in single batch processing by one of the
processing facilities. Further, it is preferable that the
buffer is adapted to simultaneoﬁsly store at least two
kinds or more of materials, and the system is adapted to
supply the materials in the same buffer to the same
processing facilities.

In the material supply system in the third aspect
according to the invention, it is preferable that materials
react in the buffer to produce a new material, and the new
material are supplied to the processing facilities from the
buffer. Further, it is preferable to further comprise
control means for controlling the temperature, the pressure,
and/or the concentration of a material component in the

buffer. It is preferable that an etching gas is stored in

9



WO 03/081647 PCT/JP03/03874

10

15

20

25

the buffer, and the supply system further comprises means
for supplying the etching gas to cleaning chambers in the
processing facilities. It is preferable that pure water is
stored in the buffer, and the supply system further
comprises means for supplying the pure water to chambers in
the processing facilities. It is preferable that the
material supply system further comprises means for
recovering the material discharged from a chamber at least
one of the processing fadilities to store the recovered
material in the buffer.

In the material supply system in each of the first,
second and thifd aspects according to the invention, it is
preferable that the supply system is adapted to supply the
material from a single supply source to a plurality of
processing facilities. 1In this case, it is preferable that
the supply source includes a buffer for temporarily storing
the material.

The invention also provides a semiconductor device
manufacturing plant having a plurality of processing
facilities, comprising:

a material supply system in any one of the first
through third aspects:

database for logging and managing processes in each
of the processing facilities; and

a CIM-based control system for totally controlling
the semiconductor device manufacturing plant, wherein the
control system sets a supply rate at which the material

supply system supplies the material to the processing
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facilities, and priorities for supplying the material among
the processing facilities based on an operation schedule
for the processing facilities, and a semiconductor device
manufacturing schedule on the database.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram illustrating a
configuration of a conventional pure water system;

Fig. 2 is a block diagram illustrating a
configuration of a pure water supply system which is one
embodiment of a material supply system‘accordiné to the
present invention;

Fig. 3 is a block diagram illustrating a
configuration of a pure water system provided in the pure
water supply system illustrated in Fig. 2;

Fig. 4 is a table showing exemplary grades of pure
water required respectively by cleaning equipments, a CMP
equipment and a lithography equipment which constitute
points of use;

Figs. 5A and 5B are explanatory diagrams showing an
exemplary relationship between the amounts of ultrapure
water required by two large cleaning equipments and the
possibility of using the ultrapure water;

Figs. 6A and 6B are explanatory diagrams showing an
exemplary relationship between the amounts of primary pure
water required by two large cleaning equipments, two small
cleaning equipment, and one.lithography equipment for the
respective apparatuses and five CMP equipment and the

possibility of using the primary pure water;
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Fig. 7 is a flowchart illustrating an exemplary
operation for controlling supply of pure water, executed in
a controller which is provided in the pure water supply
system illustrated in Fig. 2;

Fig. 8 is a diagram conceptually illustrating a
material supply system for supplying a material to a
polycrystalline or non-crystalline silicon film LPCVD
equipment according to another embodiment of the present
invention;

Figs. 9A to 9C are explanatory diagrams each
illustrating an exemplary method of measuring a monosilane
gas when it is introduced from a cylinder cabinet to a gas
buffer in the LPCVD equipment illustrated in Fig. 8;

Figs. 10A to 10C are explanatory diagrams each
illustrating an exemplary method of introducing a
monosilane gas from a monosilane gas buffer to a reaction
tube in the LPCVD equipment illustrated in Fig. 8;

Fig. 10D is a graph showing a change over time in
the concentration of the monosilane gas;

Fig. 10E is a graph showing relationships between
a deposition rate and a deposition time, and a target film
thickness and a deposition time;

Figs 11A and 11B are explanatory diagrams each
illustrating a method of introducing a material from a
liquid source and a solid source to the buffer,
respectively, in the LPCVD equipment illustrated in Fig. 8;

Figs. 12A and 12B are explanatory diagrams each

illustrating an exemplary method of introducing a fluorine

12
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gas from the buffer to the reaction tube in the LPCVD
equipment illustrated in Fig. 8; ‘

Fig. 13 is a block diagram illustrating another
embodiment of a material supply system according to the
present invention which employs a plurality of the LPCVD
equipment illustrated in Fig. 8; and

Fig. 14 is a block diagram illustrating a material
supply system which reuses a hydrogen fluoride solution in

a chemical cleaning process for semiconductor wafers

according to another embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION
<First Embodiment)

In the following, a pure water supply system for
supplying pure water to a plurality of processing
facilities will be described as a first embodiment of a
material supply system in a semiconductor device
manufacturing plant according to the present invention.

The inventors investigated into pure water supply
systems and particularly noted the following aspects.

* At point of use which use pure water, every point
of use requires a different quality of pure water. In
other words, not all the points of use do require an
ultrapure water level for the water quality.

* Some of points of use which use pure water
require different qualities of pure water on a process-by-
process basis, and do not require the ultrapure water level

for the water quality in all processes.
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Since a small-scaled plant has a relatively small
number of points of use, complicated piping is not involved
in providing a plurality of quality grades for pure water
and routing a pure water supply pipe for each grade.

Classification of pure water by grade can reduce
the amount of produced pure water such as ultrapure water
which entails a high production cost.

* Since a small-scaled plant has a relatively small
number of points of use, it is possible to readily know how
pure water is used at each point of use.

* Since a small-scaled plant has a relatively small
number of points of use, the supply of pure water can be
readily controlled among the points of use.

At each point of use, pure water is used for a
short time ranging from several tens of seconds to several
minutes, which translates to several percent to several
tens of percent of an overall process (in operation), in an
intermittent or periodic pattern. In addition, since pure
water is used at a relatively small number of points of use,
there is an extremely low probability that a plurality of
points of use simultaneously require the same grade of pure
water. Moreover, a pure water use‘pattern (including the
grade, amount, and used time) c&n be readily found for the
overall plant.

* Even if pure water is required simultaneously at
several=points of use, the pure water is used for an
extremely short time at each point of use on each occasion.

Therefore, the production efficiency is hardly affected in

14
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the overall plant even if a'point of use is kept waiting
for the supply of pure water until another point of use
finishes using pure water.

* Since the amount of instantaneously required pure
water can be reduced by detecting the amount of pure water
used at each—point of use, the pure water system can be
reduced in scale through such control.

As described above, in a small-scaled plant, there
is an extremely low probability of a plurality of point of
use simultaneousiy using the same grade of pure water.

Even if the pure water is required simultaneously at
several points of use, the pure water is used for an
extremely short time at each use point on each occasion, so
that the production efficiency is hardly affected in the
overall plant even if the points of use are supplied with
the pure water in order that in such a manner one point of
use is kept waiting for supply of pure water until another
point of use finishes using the pure water. Also, a pure
water production cost can be reduced without exacerbating
the production efficiency by detecting the amount of each
grade of pure water required by each point of use to
provide a maximum of the detected amounts of pure water
(amount of instantaneously required pure water).
Furthermore, the amount of instantaneously required pure
water can be reduced by detecting and controlling the
amounts of used pure water among the points of use, thereby
reducing the pure water supply system in scale.

As described above, the pure water supply system,

15
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which is one embodiment of a material supply system
according to the present invention, is created based on the
results of analyses on pure water which is simultaneously
used at several points of use in a semiconductor device
manufacturing plant and analyses on quality grades of pure
water required at the points of use for respective
processes.

Fig. 2 is a block diagram schematically illustrating
a configuration of a pure water supply system according to
the present invention which is particularly useful in a
small-scaled plant. The illustrated pure water supply
system comprises a pure water system 10 for producing a
plurality of quality grades of pure water; a controller 20
for controlling supply of pure water; and equipments 31 -
33, i.e, points of use which require pure water in a
semiconductor device manufacturing plant. The exemplary
pure water supply system includes four cleaning equipments
(i.e., two large cleaning equipments WET1l, WET2 and two
small cleaning equipments WET3, WET4)31l; five chemical
mechanical polishing equipments (CMP1l - CMP5) 32; and one
lithography equipment (LITHO) 33 as points of use. These
equipments are simply called the "points of use 30" when
they are collectively treated. The controller 20 comprises
a pure water use database (DB) 21 which stores control
information such as information communicated between the
controller 20 and pure water system 10, information
communicated between the controller 20 and each points of

use 30, and the like for storage of a pure water supply/use
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log. The information may be communicated through an
arbitrary communication means such as LAN within the plant.

It should be noted that supply piping for supplying
pure water, and piping and recovery processing apparatuses
for recovering dilute waste water discharged from the
points of use 30 for recirculation to the pure water system
10 are omitted in Fig. 2 so as fo simplify the description.

It should also be understood that a plurality of
points of use 30 in the small-scaled plant are not limited
to the aforementioned types and numbers of equipments.

As illustrated in Fig. 3, the pure water system 10
comprises a raw water tank 11, a primary pure water system
12, a pure water tank 13, a subsystem (ultrapure water
producer) 14, and a circulation system 15. 1In the
exemplary configuration illustrated in Fig. 3, the pure
water system 10 uses city water for the raw water.
Alternatively, as in the prior art example illustrated in
Fig. 1, industrial water may be used for raw water which is
filtered by a pretreatment ssystem or the like to provide
filtered water. Since a small-scaled plant uses a small
amount of raw water, city water is preferably used for the
raw water because it does not require an intricate
pretreatment step. The primary pure water system 12, pure
water tank 13 and subsystem 14 are similar to those
provided in the prior art pure water system illustrated in
Fig. 1.

The circulation system 15 controls the pure water

tank 13 and points of use 30 to circulate at all times an
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amount of primary pure water which ensure an
instantaneously required amount (which permits a plurality
of points of use 30 to simultaneously use the pure water)
across a piping system. Specifically, through the control
of the circulation system 15, the primary pure water flows
through the piping system at all times in the
instantaneously required amount plus a margin, such that
each point of use 30 takes in a required amount of primary
pure water from the piping system for use at a time it
requires pure water, and primary pure water not used is
returned to the pure water tank 13. The circulation system
15 preferably comprises a heat exchanger for cooling the
primary pure water which is heated during circulation, a UV
lamp device for sterilization and an ultrafiltration
membrane(UF). The UV lamp device for sterilization entails
a sufficiently low initial cost and running cost, as
compared with a UV lamp device for TOC decomposition
typically provided in the subsystem 14, so that the
installation of the circulation system 15 results in an
extremely small rise in pure water production cost. Also,
since the pure water tank 13 is installed at a location
downstream of the primary pure water system 12 for storing
the primary pure water, the primary pure water system 12
can produce an amount of primary pure water which is set to
an average amount (minimum amount) required by the overall
plant.

The foregoing components, which make up the pure

water system 10, are preferably implemented by separate
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functional modules which can be operated independently of
one another. Such separate functional modules allow for
adaptable ultrapure water supply because a change in an
ultrapure water use condition required by a particular
point of use, caused by a replacement of any production
facilities in the plant, can be accommodated by adapting or
replacing only required functional modules. In addition,
since the modular functional units can be manufactured on a
module basis in a module manufacturing plant, a reduction
in construction time and cost can be accomplished by
installing the pure water éyStem in a plant.

Preferably, the primary pure water system 12 and
subsystem 14 in the pure water system 10, are implemented
by devices which use at least membrane processing
techniques. In particular, the primary pure water system
12 preferably comprises a reverse osmosis membrane device,
a degas membrane device, and an electric deionization
device.

The conventional primary pure water system 3
illustrated in Fig. 1 generally produces the primary pure
water mainly based on any of an ion exchange resin method,
a combination of the ion exchange resin method with a
reverse osmosis membrane, and a combination of the reverse
osmosis membrane with an ion exchange resin method, with a
vacuum degasifier combined therewith.

However, the ion exchange resin method which
dominates the processing has the following problems when it

is directed to a small-scaled semiconductor plant or a
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small-scaled plant intended by the present invention, even
though it is a low-cost, well-established technique for
producing a large amount of primary pure water over 100
m3/h for a large-scaled semiconductor device manufacturing
plant or a large-scaled plant.

Since the ion exchange resin method adsorbs
impurities to an ion exchange resin for purification, a
restore operation must be done approximately once a day for
removing the impurities from the ion exchange resin. As
such, the ion exchange resin method involves a complicated
operation management, and since no primary pure water can
be produced during the restore operation, primary pure
water must be previously produced and stored in a tank such
that pure water is available even during the restore
operation.

In a small-scaled plant, the pure water supply
system tends to occupy a large percentage of the plant area.
However, the pure water system must be provided with a
primary pure water system 12 and a pure water tank 13
having large capacities in order to reserve primary pure
water for use in the restore operation, leading to a
further increase in the area required for the pure water
supply system. In addition, the recovery of the ion
exchange resin involves the use of a large amount of
chemicals which must be carefully handled, such as base,
caustic soda and the like, and the production of a large
amount of strong acid and strong alkali chemical waste

water which requires a complicated waste water treatment.
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Moreover, the vacuum degasifier must be
approximately 10 meters high, irrespective of the
processing capacity, and requires a dedicated cradle for
installation, so that careful attention should be paid to
the building construction.

On the other hand, the electric deionization device
suitable for the primary pure water system 12 in the pure
water system according to one embodiment of the present
invention is free from the aforementioned problems
associated with the ion exchange resin method, and can
continuously produce highly pure water, when combined with
a reverse osmosis membrane, without the need for chemicals
used in the regeneration. Also, when a degassing membrane
is installed between the reverse osmosis membrane and
electric deionization device, it can deoxidize as well as
decarbonate without the problems associated with the wvacuum
degasifier as mentioned above, to reduce an ion load on the
electric deionization device, permitting a continuous
supply of highly pure water to be readily produced.

While any commercially available electric
deionization device can be employed for use as the primary
pure water system 12, an electric deionization device
(manufactured by Ebara Corporation under the product name
of GDI) disclosed in W099/48820 or Japanese Patent Public
Disclosure No. 2001-121152 is preferably employed for
simplification of the system configuration.

When GDI is employed, one reverse osmosis membrane

is needed only in front of GDI because GDI is by nature not
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prone to precipitatibn of hardness components. Thus,
unlike other electric deionization devices, GDI does not
need two reverse osmosis membranes for mostly removing
hardness components or a combinafion of a reverse osmosis
membrane with a water softener.

Further, since GDI excels in removal of total
organic carbon (TOC), water processed by GDI can readily
achieve TOC équal to or less than 15 ppb which is an
indicator of primary highly pure water. Other electric
deionization devices exhibit low TOC removal
characteristics and may suffer from elution of TOC from an
ion exchanger filled in the electric deionization devices.
Therefore, for holding TOC at 15 ppb or lower with
stability, a reverse osmosis membrane for removing TOC or
an ultraviolet irradiation device for decomposing TOC
should be provided subsequent to the electric deionization-
device to produce similar results, though the resulting
system is rather complicated.

It should be understood that an arbitrary electric
deionization device other than GDI is employed for the
primary pure water system 12, and that an arbitrary pure
water systemsuch as the conventional system illustrated in
Fig. 1-4 is applicable to the pure water system 10 in the
present invention.

Each of the point of use 30 operates independently
of one another as long as it uses each quality grade of
pure water within its limits. For example, a large

cleaning equipment, a small cleaning equipment, a CMP
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equipment and a lithography equipment require quality
grades of pure water, respectively, as shown in Fig. 4.
Even when supply pipes are routed to provide a plurality of
quality grades of pure water, the piping system is not so
complicated because the small-scaled plant has only a small
number of points of use 30.

In operation, each of the points of use 30
communicates a "use request signal" to the controller 20
for using a particular quality grade of pure water as shown
in Fig. 4 in accordance with a preset pure water use
pattern. The use request signal includes information
declaring that a particular point of use 30 desires to
start using pure water, as well as an equipment ID
indicative of a point of use 30 which transmits the signal,
a grade ID indicative of a particular Qrade of desired pure
water, the amount of water, a use time (period), and the
like, by way of example.

Alternatively, the information related to a use time
may not be included in the use request signal, and a "use
end signal™ may be sent from the point of use 30 to the
controller 20. The use end signal may include information
indicative of the end of use of pure watér or a notice of
the end, and an equipment ID.

When the pure water use DB 21 (or another arbitrary
storage device) of the controller 20 stores a pure water

use pattern for each point of use 30 along which the

- processing is advanced at each point of use 30, the use

request signal need not include the grade ID (or the grade
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ID, amount of pure water, use time (period)).

Based on the received signals, the controller 20
determines a timing at which an associated point of use 30
can use an appropriate grade of pure water circulated
through supply pipes from the pure water system 10, and
notifies the point of use 30 of a "use permission signal™
indicative of permission for use of pure water at the
determined timing. The controller 20 may be configured to
control the operation of a recovery processing (not shown)
and the pure water system 10 themselves.

The following description will be centered on the
ability to reduce the amount of instantaneously used pure
water for providing a reduction in the scale of the pure
water system through the control conducted by the
controller 20 with reference to a specific example.

The large cleaning equipments (WET1, WET2) 31, which
are examples of the points of use, use ultrapure water for
final rinse water, as shown in Fig. 4, however, these
cleaniné equipments 31 use the pure water in approximately
40% of their overall operations, and use the final rinse
water, i.e., the ultrapure water in approximately 17% of
their overall operations. Therefore, as shown in Figs. BA
and 5B, when the two large cleaning equipments
simultaneously operate, they will need the ultrapure water
during the same time period with the possibility of
approximately 1% (when viewed from an overall operating
time of the semiconductor plant). One of the large

cleaning equipments requires the ultrapure water for its
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operation for approximately 11% of the overall operating
time. 1In the remaining 88% of the operating time, any of
the two large cleaning equipments is not operating in a
final rinse step, so that the ultrapure water is not

5 required at all. From the foregoing, when the two large
cleaning equipments simultaneously request for the

ultrapure water, the second requesting cleaning equipments

is kept waiting for the supply of ultrapure water. In this

way, the subsystem (ultrapure water producer) 14 of the
10 pure water system 10 can be reduced in scale to 20 liters
per minute (L/m) which is essentially the amount supplied
to one cleaning equipment.

A primary water supply system, i.e., the primary
pure water system 12, pure water tank 13 and circulation

15

system 15 can also be reduced in scale in a similar manner.

Specifically, as shown in Fig. 4, the primary pure water is

required by four cleaning equipments 31, five CMP
equipments 32, and one lithography equipment 33, all of
which constitute points of use. The percentage of an
20 operating time requiring the primary pure water to an

overall operating time, and the amount of required primary

pure water at each of the points of use 30 are, for example,

as shown in Figs. 6A and 6B. Based on the percentages of
operating times and the amounts of required primary pure
25 water shown in Fig. 5, the required primary pure water

amounts to 50 L/m with possibility of 30%, and to 100 L/m

at maximum with possibility of 76% (=30+46), and to 150 L/m

at maximum with possibility of 97% (=30+46+21).
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Therefore, it is not necessary to provide a primary
pure water system which is capable of supplying the primary
bure water at 176 L/m which is a simple sum of the amounts
of primary pure water required by the respective points of
use 30. Rather, the primary pure water supply system only
needs to have the capability of supplying the primary pure
water at 50 L/m, 100 L/m/or 150 L/m depending on how many
points of use are permitted to simultaneously use the
primary pure water, thereby reducing the scale of the
primary pure water supply system. For example, with the
primary pure water supply system capable of supplying the
primary pure water at 100 L/m, when an additional point of
use requests for the primary pure water while two point of
use 30 are using the primary pure water, the last
requesting point of use may be kept waiting for the primary
pure water. Such simultaneous use requests can be made
with possibility of as low as approximately 21% in the
example of Figs. 6A and 6B, and moreover, the primary pure
water is requested only for a short time period, so that
the foregoing control strategy will hardly affect the
processing in the overall plant.

As is apparent from the foregoing, according to the
bresent invention, the pure water can be supplied without
impediments to the manufacturing of semiconductor devices
even with small capabilities of supplying the primary pure
water and ultrapure water, as long as the pure water is
supplied to each point of use 30 from an appropriately

controlled start timing.
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The pure water supply control operation performed by
the controller 20 in accordance with the present invention
will be described in greater detail with reference to a
flow chart of Fig. 7. This control is executed by a
software program installed in a computer.

As a plurality of points of use 30 in the plant
start operating independently of one another after the
opening of the plant, the controller 20 waits for a use
request signal and a use end signal at step S1. In this
event, the use request signal includes information
indicative of an equipment ID, a grade ID and the amount of
required pure water, while the use end signal includes an
equipment ID.

Upon receipt of the use request signal, the program
proceeds to step S2 where the controller 20 searches the
pure water use DB 21 based on the grade ID of pure water in
the use request signal to determine whether or not the
requested grade of pure water is now being used by any
point of use. When the requested grade of pure water has
already been used, the program proceeds to step S3 where
the controller 20 determines from the capability of the
pure water system 10 to supply the requested grade of pure
water whether or not the amount of pure water requested by
the use request signal can be immediately supplied to a
requesting point of use.

At step S3, the controller 20 searches the pure
water use DB 21 to determine whether or not another point

of use is waiting for the requested grade of pure water,
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and determines that the grade of pure water cannot be
supplied in the requested amount if such a point of use
already exists. On the contrary, if no other point of use
is waiting for the requested grade of pure water, the
controller 20 determines that the grade of pure water can
be supplied. In addition, when no other use point is
waiting, the controller 20 determines from the capabilities
of the pure water system 10 to supply pure water whether or
not the pure water systeml0 can supply the grade of pure
water requested by the newly requesting use point 30.

When the controller 20 determines at step S2 that
the requested grade of pure water is now in use and
determines at step S3 that the requested grade of pure
water cannot be supplied, the controller 20 sends a wait
instruction signal to the associated point of use 30 at
step S4 for instructing the point of use 30 to wait for the
requested grade of pure water, and writes a waiting mark
into the pure water supply DB 21 in association with the
equipment ID and grade ID. In this event, the controller
20 also stores the requested amount of pure water in the
pure water use DB 21.

On the contrary, when the controller 20 determines
at step S2 that the requested grade of pure water is not in
use, or when the controller 20 determines at step S3 that
the requested grade of pure water can be supplied, the
controller 20 writes a supply start mark into the pure
water use DB 21 in association with the equipment ID and

grade ID in the use request signal, and stores the
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requested amount of pure water. 1In addition, the
controller 20 sends a use permission signal to the point of
use 30 correspdnding to the equipment ID, thereby
permitting the point of use 30 to use the requested grade
of pure water.

On the other hand, when the controller 20 receives a
use end signal at step S1, the program proceeds to step S6
where the controller 20 writes a supply end mark in the
pure water use DB 21, in association with the equipment and
grade IDs. Then, at step S7, the controller 20 searches
the pure water use DB 21 for an equipment ID which is given
a waiting mark in association with the grade ID. The
program proceeds to step S8 when such a waiting mark is
found, and returns to step S1 if not, where the controller
20 again waits for another signal. At step S8, the
controller 20 reads from the pure water use DB 21 the
amount of pure water which is stored in association with a
grade ID that has been given a waiting mark at the earliest
time point with respect to the grade ID. Then, the program
proceeds to step S2, where the controller 20 determines, as
described above, whether or not another use point is using
the grade of pure water, followed by execution of steps S3
to S5.

In the foregoing manner, the controller 20
determines, from the capabilities of the pure water system
10 to supply respective grades of pure water, whether or
not a requested grade of pure water can be immediately

supplied to a requesting use point 30 in a requested amount.
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The controller 20 does not permit the point of use 30 to
use the pure water when not available, until the pure water
system 10 can supply the pure water. In this way, even
when the pure water system 10 is relatively limited in the
capabilities of supplying each grade of pure water,
products can be manufactured without substantially
degrading the production efficiency of the products.

The operation for controlling the supply of pure
water described above is based on the premise that a
plurality of points of use 30 can simultaneously use the
same grade of pure water within the capabilities of the
pure water system 10 to supply pure water. Alternatively,
the supply of pure water may be controlled such that two or
more points of use 30 are not at all permitted to use the
same grade of pure water. In this event, when the
controller 20 receives a use request signal from a certain
point of use for a grade of pure water which has already
been used by another point of use, the controller 20 may
not transmit.a use permission signal to the former point of
use until a ﬁse end signal is sent from the latter point of
use.

Also, as previously described, when the use request
signal includes information on a use timeperiod, the use
end signal need not be communicated from the point of use
30 to the controller 20, in which case the controller 20
waits only for the use request signal at step S1, resulting
in elimination of the processing at steps S6 to S8 in Fig.

7. Further, when the controller 20 has previously known
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how long each point of use 30 will use pure water, the
controller 20 may automatically determine that the point of
use 30 has finished using the pure water in a predetermined
time after the point of use 30 has started using the pure
water. In this event, the point of use 30 does not need to
send the use end signal as well.

Preferably, pointé of use which do not
simultaneously request‘for the same grade of pure water are
collected into a group. In this event, the group
prefefably includes at least two equipments having the same
function, i.e., which continuously perform processing.

This is because a randomly created group Would experience
difficulties in reconstruction thereof, as would be needed
when some equipments are exchanged, and would fail to
sufficiently exert the effect of reducing the amount of
supplied pure water without adversely affecting the
production efficiency.

While a preferred embodiment of the material supply
system according to the present invention has been
described in connection with a pure water supply system, it

should be apparent to those skilled in the art that a

- variety of modifications can be made thereto. For example,

in the exemplary pure water supply system, the controller
20 returns a wait instruction signal to a point of use 30
which has sent a use request signal when the controller 20
does not immediately permit the use point 30 to use
requested pure water. However, the controller 20 does not

necessarily return the wait instruction signal. Also, the
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use permission signal may be used to open a pure water
take-in valve associated with the requesting point of use
30. Further, it should be understood that the present
invention is not limited to pure water supply but may be
applicable to supply of an arbitrary gas, liquid or solid
material.

<Second Embodiment)

Fig. 8 illustrates a material supply system for use
with a silicon film LPCVD equipment (Low Pressure Chemical
Vapor Deposition) for performing an LPCVD process using a
monosilane gas in accordance with a second embodiment of
the present invention.

The LPCVD equipment (semiconductor manufacturing) 40,
which is one of processing facilities in a semiconductor
device manufacturing plant, is installed on a Fab floor
within a clean room which also contains a reaction tube 41
or chamber made of highly pure quartz. The reaction pipe
41 is supplied with a monosilane gas which is a material
gas for use in the LPCVD deposition, and a fluorine gas for
etching silicon films deposited on the inner wall of the
reaction tube 41, other contained quartz, and surfaces of
parts made of silicon carbide to clean the interior of the
reaction tube 41. These gases are introduced from a
monosilane gas cylinder 51 installed outside the clean room
and a fluorine gas generator 52 installed on the floor
below (SUB-Fab floor) within the clean room, respectively,
through a buffer (gas buffer) 42. Pipes for introducing

the monosilane gas and fluorine gas to the buffer 42 are
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closed by air operation valves 46.1, 46.2, respectively,
and a pipe connecting the buffer 42 to the reaction tube 41
is closed by a similar air operation valve 45.

An operation for supplying the fluorine gas for
cleaning will be described later in a third embodiment.

A pressure gage 43 measures a pressure at which the
buffer 42 is filled with a gas. For purging the interior
of the buffer 42 and reaction tube 41, a dilute gas
produced during a reaction is supplied, or a nitrogen gas
is supplied from a nitrogen gas generator 53 through a
valve 46.3 for restoring the pressure within the reaction
tube 41 to the atmospheric pressure. A gas supplied from
the buffer 42 to the reaction tube 41 is heated therein,
and exhausted therefrom by a vacuum pump 54 installed on
the floor below in the clean room through a gate valve 48
which has both a function of adjusting the pressure within
the reaction tube 41 and a shut-down function, after an
LPCVD reaction or an etching reaction, together with gases
produced by the reaction and the unreacted gas, by
adjusting the conductance of the fluid with the opening of
the valve 46.3. The exhausted gas is digcharged from an
exhaust duct 56 provided in the clean room after it is
rendered harmless by an gas abatement equipment 55.

A semiconductor wafer under processing is placed
within the reaction tube 41 in which the LPCVD reaction
takes place, and the reaction tube 41 is heated by a heater
47 in this state. The valves 45, 46.1 - 46.3, 8, heater 47,

fluorine ‘gas generator 52, vacuum pump 54, and gas
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abatement equipment 56 are controlled by an equipment
controller 49 for performing and managing the LPCVD process.
The outputs of the pressure gage 43 and heater 47, the
temperature within the reaction tube 41, the pressure
within the reaction tube 41, and the like are also applied
to the controller 49. Information on deposition 1is output
from a product management database (DB) 71 to the equipment
controller 49 through a LAN 60.

Deposition of a polycrystalline silicon film is
performed using the LPCVD equipment 40 illustrated in Fig.
8 as described below. Before an unprocessed semiconductor
wafer reaches the process in the LPCVD equipment 40,
detailed information on the LPCVD process performed by the
LPCVD equipment 40 is applied to the equipment controller
49 from the product management database 71. For example,
assumihg that the LPCVD process deposits a polycrystalline
silicon film of 100 nm thick at 620°C and 0.2 Torr for ten
minutes using a monosilane gas at a flow rate of 100 sccm,
the total amount of monosilane gas used for the deposition
is calculated by:

100 SCCM x 10 minutes = 1000 SCC

It is assumed that the buffer 42 associated with the
LPCVD equipment 40 has an inner volume of 1000 cc. Under
the control of the controller 49, after the valve 45 is
once opened, the buffer 42 is evacuated to a sufficiently
low pressure by the vacuum pump 54. Then, the valve 45 is
closed and the valve 46.2 is next opened to introduce the

monosilane gas into the buffer 42. After the buffer 42 is
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filled with 1000 SCC of the monosilane gas (a volume of
1000 cm3 under a standard gas state), the valve 46.2 is
closed to shut off the buffer 42.

The monosilane‘gas filled in the buffer 42 can be
controlled by a variety of methods. Figs. 9A-9C show three
exemplary alternatives.

Fig. 9A shows a method of adjusting the pressure
within the buffer 42. Specifically, this method entails a
pressure reducing valve disposed upstream or downstream of
the valve 46.2 for automatic adjustment to a desired
pressure in response to an instruction from the equipment
controller 49. In this event, the pressuré reducing valve
adjusts the pressure within the buffer 42 at atmospheric
pressure, and 1000 SCC of monosilane gas is measured.

Fig. 9B shows a method of measuring 1000 SCC of
monosilane gas by the flow rate and time using a mass flow
controller (MFC) disposed upstream or downstream of the
valve 46.2. For example, the monosilahe gas is constantly
supplied at a flow rate of 2 SLM for 30 seconds. Here, a
more economical mass flow meter may be used instead of the
mass flow controller to measure 1000 SCC of monosilane gas
from an accumulation value output therefrom.

Fig. 9C shows a method of controlling the pressure
within the buffer 42 by measuring the pressure within the
buffer 42 using the output of the pressure gage 43 mounted
to the buffer 42, and closing the valve 42.6 when the
pressure reaches a desired value, 1 hPa (=760 Torr) in this

event. When the pressure rapidly increases, an orifice or
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the like may be provided for reducing the conductance of
the fluid, or a piezo valve may be provided for adjusting
the conductance through its opening, to control the
pressure within the buffer 42 to 760 Torr with the opening
fed back from the value of the pressure gage 43.

In the methods described above, the pressure
adjuster, mass flow controller, and/or conductance
controller may be disposed upstream of a location at which
the monosilane gas is branched to other s, such that these
devices, which are relatively expensive parts, can be
shared by a plurality of semiconductor manufacturing
equipments such as the LPCVD equipment and the like. When
the flow rate is not measured using the mass flow
controller or mass f£low meter as in the methods shown in
Figs. 9A and 9C, the gas must be at a standard temperature
and a standard pressure for precisely controlling the total
flow rate. 1In this event, therefore, a pressure set value
must be corrected by adjusting or measuring the state or
the temperature of the buffer 42. It is critical to select
an optimal combination from the balance between a
particular application and required specifications and cost
of a product.

In any of the methods described above, the
monosilane gas can be supplied in a shorter time period
irrespective of an actual time taken for the deposition, so
that the monosilane gas cylinder cabinet 51 may be actually
connected to the LPCVD equipment 40 for a shorter time

period. In addition, the monosilane gas may be supplied
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before the deposition is actually started to significantly
reduce the influence of a failure or a reduction in the
supply due to accidents, faults, and artificial mistakes in
the plant on the actual LPCVD manufacturing process,
thereby providing for steble manufacturing. On the other
hand, the monosilane gas may be supplied slowly for a
longer time than the time required for deposition using
more economical apparatuses than conventional supply
facilities in terms of the space and cost.

After the buffer 42 is filled with the monosilane
gas, or in parallel with this operation, an unprocessed
substrate is introduced into the reaction tube 41. After
the reaction tube 41 is evacuated, the temperature and
pressure are adjusted to desired values, here 620°C and 0.2
Torr, respectively. Also, other preparatory operations
should be progressed prior to the deposition.

For the deposition, a mass flow controller may be
disposed downstream of the valve 45 to control the flow
rate (see Fig. 10A). Alternatively, the valve 45 may be
provided with an additional function of adjusting the
conductance with its opening, or a valve capable of
adjusting the conductance, such as a piezo valve may be
used in combination to adjust the opening to constantly
reduce the output value of the pressure gage 43 mounted to
the buffer 42 (in this event, substantially at a rate of 76
Torr/min because the monosilane gas at 760 Torr ie used up
in ten minutes), thereby making it possible to control the

flow rate without using the mass flow controller (see Fig.
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1OB)1 By thus controlling the flow rate during the
deposition, 1000 SCC of monosilane gas for use in the
deposition need not be precisely measu;ed beforehand.
After the deposition with 100 SCCM of monosilane gas for
ten minutes, the remaining monosilane gas can be wasted
through a bypass line by the vacuum pump 54, without being
passed through the reaction tube 41, or may be saved for
the next deposition.

An example is next given, where the present
invention is applied to a batch type LPCVD equipment for
depositing polycrystalline silicon films on a plurality
(generally 100 to 200) of semiconductor wafers disposed in
the reaction tube 41 at one time. 1In a batch type vertical
LPCVD furnace, semiconductor wafers are vertically stacked
at predetermined intervals (for example, approximately 5
mm) in the reaction tube 41. After the reaction tube 41 is
stabilized at a reaction temperature (here, 620°C), a
monosilane gas or material gas is supplied at a controlled
flow rate by a mass flow meter or the like. It should be
noted that the gas introduced into the reaction tube 41 is
consumed in an upstream region to produce reaction product
gases, so that the introduced gas has a relatively low
concentration in a downstream region to slow down the
deposition reaction.

In the embodiment herein illustrated, the monosilane
gas is consumed in the deposition reaction and vapor phase

reaction to cause the following chemical reactions:
SiH4 ? SiHp + Hp (vapor phase)
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SiHg4 ? Si + 2Hp (on surface of deposited f£ilm)

SiHp ? Si + Hp (on surface of deposited film)

Produced SiHy (silylene gas) and Hy (hydrogen gas)
cause a reduction in the partial pressure of SiHg

(monosilane gas) in the downstream to slow down the
deposition rate. Therefore, when the monosilane gas is
continuously supplied at a certain flow rate (here, 100
SCCM) into the reaction tube 41 which contains a plurality
of semiconductor wafers stacked one above the other, the
deposition rate is reduced on those positioned on the
downstream side for the reason set forth above. The
monosilane gas is carried from the peripheries to the
centers of the semiconductor wafers by diffusion through
narrow spaces between the stacked semiconductor wafers (in

this embodiment, narrow spaces of approximately 5 mm), as

compared with the radius of the semiconductor wafers. Thus,

in this example, the peripheral region corresponds to the
upstream side, while the central region cofresponds to the
downstream side. As a result, the deposition is performed
in the peripheral region at a rate higher than in the
central region, resulting in a smaller thickness of the
deposited f£ilm in the central region, which dominates a
limitation to the uniformity of deposition, as is well
known in the art.

When the flow rate of the monosilane gas from the
buffer 42 is controlled during the deposition by a method
using a mass flow controller as shown in Fig. 10A or by a

method as shown in Fig. 10B, the deposited film is similar
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in uniformity. However, with the use of the buffer 42, it
is possible to control the amount of monosilane gas
supplied for use in the deposition by a total amount of
introduced gas, without managing the flow rate at all, as
shown in Fig. 10C. This control sequence associated with
the deposition will be described below.

First, a required amount of monosilane gas is
measured and filled in the buffer 42. Then, the reaction
tube 41 is sufficiently evacuated by the vacuum pump 54 to
0.1 mTorr, for example, and the gate valve 48 connected to
the vacuum pump 54 is completely shut off to enclose the
buffer 42. Subsequently, the valve 45 connecting the
buffer 42 to the reaction tube 41 is fully opened to fill
the reaction tube 41 with the amount of monosilane gas
required for the intended deposition in several seconds at
a stretch. Even in the narrow spaces between respective
wafers, the monosilane gas is filled at a stretch. By thus
diffusing the monosilane gas at a rate sufficiently higher
than the reaction rate, the deposition can provide a high
uniformity in film thickness without causing a non-uniform
film thickness due to the diffusion controlled rate of the
gas as mentioned above.

Fig. 10D shows a change over time in the
concentration of the monosilane gas, and Fig. 10E shows a
change in the deposition rate and a change over time in the
thickness of a deposited film. Unlike a general deposition
performed with a monosilane gas introduced at a controlled

flow rate by a mass flow controller or the like, the
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deposition rate is not constant. A target film thickness

must be found by integrating data on the deposition rate,

and determining a deposition time based on the graph shown

in Fig. 10E. Since the deposition rate is initially high,
gradually decreases, and is very slow near the target f£ilm
thickness, the film thickness can be controlled more
precisely in a short time period with a reduced error in
£ilm thickness due to the time wvariation.

Instead of an undoped silicon film, when a deposited
film is doped with impurities which serve as doners or
acceptors such as arsenic, boron, phosphorous or the like,
or germanium belonging to the same group VI during the
deposition, an additional buffer equivalent to the buffer
42 may be previously provided for storing a source gas such
as ASH3 (arsine), BeHg (diborane), PH3 (phosphine), Gels
(germane) or the like for use in the deposition process in
a procedure similar to the process which uses monosilane.
Further, these gases may be mixed with a monosilane gas and
stored in the same buffer 42 to provide a uniform
concentration of dopant. In this event, a mass
spectrometer or an infrared absorption spectrometer may be
connected to the buffer 42 to output the result of analysis
to the equipment controller 49 which controls a lead valve
or the flow to the buffer 42 to correctly know the
concentration of each of the components before they are
used for the deposition to control the concentration of
each gas which is to be filled in thé buffer 42.

Alternatively, the pressure gage 43 may simply measure an
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increment in the pressure in the buffer 42 as the
respective gases are filled in the buffer 42 one by one to
calculate a mixture ratio of each gas. Variations in the
subsequent deposition are similar to the deposition using a
monosilane gas alone.

When the present invention is applied to LPCVD
deposition of tantalum oxide using penthaethoxytantalum
(hereinafter abbreviated as PET) instead of the deposition
of a silicon film using a monosilane gas, a required amount
of PET which is a liquid at an atmospheric pressure and a
room temperature is measured by a flow control based on a
liquid mass flow, weight, level, or the like, and injected
into the buffer 42. The buffer 42 may be provided with a
heater 47 and a temperature adjuster (not shown) for
adjusting the temperature to maintain a state in which PET
evaporates but does not thermally react to change PET from
a liquid to a gas which can be stored. This process is
illustrated in Fig. 11A. The subsequent deposition is
similar to that using a monosilane gas. In this way, the
amount of gas required for the deposition can be supplied
without giving rise to problems such as an insufficient
amount of gas supplied due to limited capabilities of an
evaporator or the like to the LPCVD reaction in the wvapor
phase by a source which is a liquid or a solid at a room
temperature. Likewise, ruthenium ethylcyclopentane for use
in LPCVD deposition of ruthenium is a liquid source and can
be treated in a similar manner to PET. However, since

ruthenium cyclopenthane which is a material for ruthenium
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CVD is a solid, it is heated for evaporation after it is
supplied to the buffer 42 in a granular or pellet form.
This process is illustrated in Fig. 11B. In this event,
the amount of a solid source is managed by weight or the
number of pellets. LPCVD performed after the source is
evaporated and stored is performed in a similar manner to
the counterpart using a monosilane gas.

{Third Embodiment)>

A third embodiment will next be described in
connection with an example in which a silicon film on the
inner wall of the reaction tube 41 is cleaned or washed-off
using a fluorine gas after a polycrystalline silicon f£ilm
has been deposited using the silicon f£ilm LPCVD equipment
40 illustrated in Fig. 8 as described above.

Before the cleaning, details on cleaning and etching
to be next processed by the apparatus, such as etching
conditions and the like based on a current film thickness
on the quartz tube, are input to the equipment controller
49 from an equipment management database 72 (Fig. 8). For
example, this is peel-off of 100 nm of a polycrystalline
film, which entails LPCVD deposition that is performed at
10 Torr and 300°C for five minutes with a fluorine gas at a
flow rate of 1000 sccm. The total amount of fluorine gas
used in the deposition is calculated as follows:

1000 SCCM x 5 minutes = 5000 SCC

It is assumed that the buffer 42 has an inner volume
of 5000 CC. Under the control of the equipment controller

49, as the valve 45 is opened, the buffer 42 is evacuated
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to a sufficiently low pressure by the vacuum pump 54. Then,
the valve 45 is closed and the valve 46.1 is next opened to
introduce the fluorine gas into the buffer 42. After the
buffer 42 is filled with 5000 SCC of the monosilane gas (a
volume of 5000 cm3 under a standard gas state), the valve
46.1 is closed to shut off the buffer 42. Assuming that
the fluorine gas is produced by the fluorine gas generator
52 through an electric decomposition reaction of KF.2HF, or
a thermal decomposition chemical reaction of KF.6HF, when
the fluorine is generated at approximately 100 SCCM/minute,
a fluorine gas generator having a scale ten times as large
as the current one would be required to provide the
fluorine gas at a flow rate of 1000 SCCM which is required
by the etching conditions, when the fluorine gas is
directly supplied to the LPCVD furnace without using the
buffer 42. However, the fluorine gas generator fully
operates only for five minutes in which the etching
reaction is performed, and is not needed in the rest of the
process.

The present invention can support a process which
requires a fluorine gas at a flow rate of 1000 SCCM using
the fluorine gas generator 52 which is capable of supplying
merely 100 SCCM by starting storing the fluorine gas in the
buffer 42, 50 minutes before the etching is started. The
storage of the fluorine gas in the buffer 42 can be started
immediately after a monosilane gas has been removed from
the buffer 42 following the end of the previous deposition,

so that the fluorine gas can be filled in the buffer 42 in
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a time period allocated to purge the reaction tube 41, a
time period allocated to restore a normal pressure, a time
period allocated to remove a semiconductor wafer, and a
time period allocated to evacuation and thermal stability
for etching. Also, an additional dedicated buffer may be
provided other than a buffer for a monosilane gas to fill
the buffer with the fluorine gas immediately after the
previous etching. Generally, the cleaning and etching is
performed at a lower frequency than the deposition, so that
the investment, space and the like can be reduced by
further reducing the capabilities to supply the fluorine
gas.

The processing in the LPCVD equipment 40 in the
cleaning process is similar to the deposition process using
a monosilane gas. Particularly, in the cleaning process,
the end of etching can be often monitored in real time by
the end of a rise in temperature in the reaction tube 41 or
by an analysis on exhaust gases. This is quite useful
because a change over time in the etching rate need not be
measured beforehand for controlling the total amount of
introduced gas without using the flow rate control
illustrated in Fig. 10C.

When the reaction tube 41 is isolated for reaction
as illustrated in Fig. 10C, an additional buffer may be
provided on the exhaust side, as illustrated in Fig. 12A,
to return a recovered etching gas again to the buffer 42
for use in the next etching. This can increase a utility

efficiency of the material gas, reduce the cost and save
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energy.

As illustrated in Fig. 12B, not only for materials
used in the processing and reaction in the processing
facilities, an additional buffer may be provided, for
example, before the exhaust gas abatement equipment 55 to
adjust the flow rate of exhaust gases which exceed the
processing ability of the gas abatement equipment 55.
Though the gas abatement equipment 55 effectively operates
only when harmful gases are exhausted, a buffer may be
provided before the gas abatement equipment 55, permitting
a common use of the gas abatement equipment 55 to
collectively process exhaust gases from a plurality of
processing facilities. Even if exhaust gases
simultaneously emitted from a plurality of facilities or a
large amount of exhaust gases emitted from a single process
exceed the processing rate of the gas abatement equipment
55, the exhaust gases can be temporarily stored in the
buffer such that the exhaust gases are sent into the gas
abatement equipment 55 from the buffer at a rate below the
processing rate of the gas abatement equipment 55, thereby
removing surplus gas abatement equipment 55.
<Fourth Embodiment)

Referring next to Fig. 13, a fourth embodiment will
be described in connection with a system which employs a
plurality of silicon f£ilm LPCVD equipments 40 illustrated
in Fig. 8 to clean the reaction tubes 41 in the plurality
of LPCVD equipments.

Similar to the LPCVD equipment 40, LPCVD equipments
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40.1, 40.2 are each suppiied with a fluorine gas from the
fluorine gas generator 52, and controlled by a CIM server
73 in the plant through an in-plant LAN 60 and equipment
controllers 49.1, 49.2. A distribution controller 52-4 for
controlling branch valves 52-0 - 52-25 to the fluorine gas
ggnerator 52 and respective LPCVD egyuopments 40, 40.1,
40.3 are also controlled by the CIM server 73.

The CIM server 73 classifies and stores process
orders and types of respective lots of unprocessed
semiconductor wafers, and priorities of manufacturing for
other lots in manufacturing lines as emergency degrees. 1In
this way, the CIM server 73 manages a manufacturing
schedule as to when and which lot is processed. The CIM
sérver 73 also calculates a currently accumulated £ilm
thickness in the reaction tube in each LPCVD equipment,
automatically calculates a film thickness for which
cleaning is recommended from data including transitions in
a sequence of the film thickness of the deposition and dust,
and a sequence of the film thickness and deposition dust
after previous cleaning, and the like. The recommended
film thickness may be set by a human. The CIM server 73
has a function of scheduling when the reaction tubes are
cleaned from current waiting lots and future manufacturing
schedule.

In this system, equipments which should be first
cleaned (i.e., which use a fluorine gas) are given higher
priorities in the scheduling. For example, when the LPCVD

equipment 40 should first be cleaned, the valve 45 is

47



WO 03/081647 PCT/JP03/03874

10

15

20

25

opened from the CIM server 73 through the equipment
controller 49, and the controllers 49.1, 49.2 of the other
LPCVD equipments 40.1, 40.2 close the valves 45.1, 45.2,
respectively.

Next, as the CIM server 73 is notified from the
equipment controller 49 that a required amount of fluorine
gas, calculated from an accumulated film thickness, has
been stored in the buffer 42, controlled by any of the
methods as illustrated in Figs. 9A to 9C, the CIM server 73
controls the start of storing the fluorine gas in the
buffer 42 in a similar manner in either the LPCVD equipment
40.1 or 40.2 in accordance with the next priority set
therein.

When no buffer in any LPCVD equipment 40, 40.1, 40.2
is used after all the storages are completed, the fluorine
gas is stored in a buffer 52-3 contained in the fluorine
gas generator 52 up to its pressure limit. When there is a
further time available, the CIM server 73 stops the
operation of the fluorine gas generator 52. Through these
operations, the fluorine gas dgenerator 52 can be used in an
effective way, resulting in optimization or minimization of
resources such as the cost, space, maintenance and the like
of the scale.

By controlling the buffer 52-3 in the fluorine gas
generator 52 and the branch valves 52-0 - 52-2 by the
distribution controller 52-4, the present system can
support any LPCVD equipment irrespective of whether it

contains a buffer. In this event, instructions from the
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CIM server 73 are executed by the diétribution controller
52-4 instead of the equipment controller 49 (and/or 49.1,
49.2). Assuming for example that the LPCVD equipment 40 is
not provided with the buffer 42 while a fluorine gas is
being used, the valve 52-0 is opened in association with
the valve 45. In this way, the buffering function can be
shared by a plurality of apparatuses.

<Fifth Embodiment>

Referring next to Fig. 14, a fifth embodiment of the
present invention will be described in connection with
processing facilities which include a plurality of
semiconductor wafer cleaning equipments (three in Fig. 14)
and a refiner for condensing and recycling a hydrogen
fludride solution.

In each of the cleaning equipments, a pipe branched
from a hydrogen fluoride (HF) supply pipe 62 from the plant,
and a return pipe 63 from an HF condensation/refinery
equipment 57 are connected to respective buffers 42; 42.1,
42 .2 of the cleaning equipmenté. The pipes connected to
the buffers are shut off by respective control valves, énd
each of the buffers is provided with a sensor (not shown)
for measuring the amount of the solution stored in the
buffer by level. Equipment controllers 49, 49.1, 49.2 for
controlling these buffers, associated sensors, and control
valves (import valves) (dedicated controllers may be
provided for these components) are associated with the
respective cleaning equipments, and controlled by a

management DB server for managing the cleaning equipments
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and LOT through a plant‘LAN 60. In each of the cleaning
equipments, the hydrogen fluoride (HF) solution used in the
processing of semiconductor wafers is partially consumed in
reactions such as etching of silicon oxide films, and
partially not consumed, diluted by pure water or the like,
drained, and once transported to the HF
condensatién/refinery equipment 57 through a discharge pipe
64.

The HF condensation/refinery equipment 57 filters
and refines only a hydrogen fluoride component which is
returned to the buffers 42, 42.1, 42.2. Distribution to
the respective buffers is instructed to buffer controllers
(not shown) via the LAN 60 through a calculation of
priorities made by the CIM server 73, as is the case with
the fourth embodiment, so that the hydrogen fluoride is
preferentially distributed to those facilities which next
need the hydrogen fluoride in accordance with the
instruction. When a semiconductor wafer under processing
asks for particularly normal hydrogen fluoride, such
hydrogen fluoride is supplied to an associated buffer from
a primary hydrogen fluoride source in the plant, and the
hydrogen fluoride from the HF condensation/refinery
equipment 57 is supplied to the equipment which is given
the second highest priority. When the equipment 57 cannot
recover hydrogen fluoride at a rate high enough to subply
the hydrogen fluoride to requesting equipments at next time,
hydrogen fluoride can be compensated from the primary

hydrogen fluoride supply source in the plant in a similar

50



WO 03/081647 PCT/JP03/03874

10

15

20

25

manner.

Introduction of a lot can be delayed after the
preceding lot has been cleaned by a cleaning equipment in
order to f£ill the hydrogen fluoride buffers with recovered
HF in consideration of a cleaning time period in the next
manufacturing equipment stored{in the lot management DB
(not shown). 1In this way, according to the present system,
the CIM server 73 can manage the HF condensation/refinery
equipment 57, buffers, and cleaning equipments to provide
inexpensive hydrogen fluoride recovered through reuse,
using condensation/refinery equipment in a minimum scale
without reducing a substantial manufacturing rate.

As described above, the material supply system
according to the present invention can eliminate excessive
supply capabilities and employ a minimally required scale
of material supply facilities, as compared with a prior art
example. It is therefore possible to reduce an initial
cost and a running cost of the material supply system to
reduce a production cost of products produced by a
semiconductor device manufacturing plant.

Also, in the material supply system according to the
present invention, since a material is temporarily stored
in a buffer associated with each processing facility before
it is supplied to the processing facility, a required
amount of material can be supplied to each processing
facility even if a primary material supply source has
relatively low supply capabilities.

It is further understood by those skilled in the
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field that the forgoing description is preferred
embodiments of the invention and various changes and
modifications may be made in the invention without

departing from the spirit and scope thereof.
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CLAIMS

1. A material supply system for supplying the same kind
of a gas, liquid or solid material to a plurality of
processing facilities in a semiconductor device
manufacturing plant, the system comprising:

a material supply source; and

a controller for controlling the supply of the
material from a supply source to the processing facilities,
such that a total amount of the material currently used by
the plurality of processing facilities does not exceed an
amount of the material which can be supplied from the
supply source, by controlling a start timing from which the
material is supplied to a processing facility.

2. A material supply system according to Claim 1,

- wherein:

at least two of the plurality of processing
facilities are adapted to send to the controller use
request signals for requesting to start using the material,
or the use request signal and use end signals for notifying
the end or an end notice of use of the material; and

the controller is adapted to determine, upon receipt
of the use request signal associated with the material
currently used in at least one processing facility from
another processing facility, whether or not a total amount
of the material required by these processing facilities
exceeds the amount of the material which can be supplied by

the supply source, and send a use permission signal to the
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other processing facility to permit the other processing
facility to use the material when determining that the
total amount does not exceed.
3. A material supply system for supplying the same kind
of a gas, liquid or solid material to a plurality of
processing facilities in a semiconductor device
manufacturing plant, the system comprising:

a material supply source; and

a controller for controlling the supply of the
material from a supply source to a plurality of processing
facilities, such that the material is not used
simultaneously by a plurality of processing facilities by
controlling a start timing from which the material is
supplied to a processing facility.
4. A material supply system according to Claim 3,
wherein:

at least two of the plurality of processing
facilities are adapted to send to the controller use
request signals for requesting to start using the material,
and use end signals for notifying the end or an end notice
of use of the material; and

the controller is adapted to respond to the use
request signal associated with the material currently used
in at least one processing facility from another processing
facility by delaying sending a use permission signal for
permitting the other processing facility which has sent the
use request signal to use the material, until the

controller receives the use end signal from the processing
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facility which is using the material.
5. A material supply system according to any of Claims
1 to 4, wherein:

the material supply source is a pure water system
for producing a plurality of gquality grades of pure water;
and

the controller is adapted to control the supply of
pure water to the processing facilities on a grade-by-grade
basis.
6. A material supply system for supplying a gas, liguid
or solid material to processing facilities in a
semiconductor device manufacturing plaht, the system
comprising:

a material supply source;

a buffer for temporarily storing the material; and

a controller for controlling the supply of the
material from the buffer to the processing facilities.
7. A material supply system according to Claim 6,
further comprising control means for controlling the state
of the material in the buffer, and/or measuring means for
measuring the state of the material in the buffer.
8. A material supply system according to Claim 6 or 7,
further comprising means for quantifying the amount of the
material required at least in single batch processing by
one of the processing facilities.
9. A material supply system according to any one of
Claims 6 to 8, wherein the buffer is adapted to

simultaneously store at least two kinds or more of
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materials, the system is adapted to supply the materials in
the same buffer to the same processing facilities.

10. A material supply system according to any one of
Claims 6 to 9, wherein materials react in the buffer to
produce a new material, and the new material are supplied
to the processing facilities from the buffer.

11. A material supply system according to any one of
Claims 6 to 10, further comprising control means for
controlling the temperature, the pressure, and/or the
concentration of a material component in the buffer.

12. A material supply system according to any one of
Claims 6 to 11, wherein an etching gas is stored in the
buffer, and further comprises means for supplying the
etching gas to wash chambers in the processing facilities.
13. A material supply system according to any one of
Claims 6 to 11, wherein pure water is stored in the buffer,
and further comprises means for supplying the pure water to
chambers in the processing facilities.

14. A material supply system according to any one of
claims 6 to 13, further comprising means for recovering the
material discharged from a chamber at least one of the
processing facilities to store the recovered material in
the buffer.

15. A material supply system according to any one of
Claims 1 to 14, wherein the system is adapted to supply the
material from a single supply source to a plurality of
processing facilities.

16. A material supply system according to claim 15,
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wherein the supply source includes a buffer for temporarily
storing the material.
17. A semiconductor device manufacturing plant having a
plurality of processing facilities, comprising:

a material supply system according to any one of
Claims 1 to 16;

database for logging and managing processes in each
of the processing facilities; and

a CIM-based control system for totally controlling
the semiconductor device manufacturing plant, wherein the
control system sets a supply rate at which the material
supply system supplies the material to the processing
facilities, and priorities for supplying the material among
the processing facilities based on an operation schedule
for the processing facilities, and a semiconductor device

manufacturing schedule on the database.

57



PCT/JP03/03874

WO 03/081647

NOISSINA

_‘|V 390N71S

NILSAS
ONISSTOONd
HILYM 3LSVM
\l\ A
mmwss 8
(WoINGIHO) =
I waisks | NvL
~|L_AH3A003Y 3snad S3LLIIOV
H04 H3HVM
\.\.\
WALVM | H3Lvm
JiSyM | J1SvM
HIHLO | GAINTIO
35N 40 INIOd galvm
~ TYOINAHO J9VNIVYHA
e 4 VL |~ *
. . W3LSAS - £ = | iNawlvauL o
NA1SASENS MILYM |~ y31ym Fand AuvIHd [~ loaeEi g L2
q % e Z |
IVOINTHO INV1O3INISIO
AHIACOTY INVINOYO0D

(LYY HOIHd)

| Bl

1
4




WO 03/081647 PCT/JP03/03874

Fig. 2

WET-1 WET-2 WET-3 WET-4
(LARGE) (LARGE) (SMALL) (SMALL)
31 31 31 31 |

CONTROLLER

PURE WATER
SY?EEM

CMP-3

CMP-4
32

CMP-5
32 33




PCT/JP03/03874

WO 03/081647

asn
AINIOd

A

asn
INIOd

A

asn
d0
INIOd

Gl

N

0€

W3 LSASHNS |+

‘ MNVL
HOSSIO0Hd R

A

NOILYTINOHID

\\:
14!

3dNd

€l

W LSAS
NE IR/ B
3HNd e

AdVNIHd
-

gl L1

0l W3LSAS
H3LVM FHNd

[}

EILT —
ALID mW//

g b



PCT/JP03/03874

WO 03/081647

lFez | CGOLO - | -1-1-1-1] oel= dND
ININAIND3
mmm_%% M_s AHVHOOHLIT
- (W7 1°0) - L= INININD3
| FEC oL> OL> |GL>|GL>|GL> OLL=Z | AMYINIYG ONINVED TIVINS
ININdING3
ONINVI 1O J9HVT
— (7 G0"0) o mm_m._z.%% ININAINOS
| +€¢ > 1> | G> | 2> |G0>|G0>| 08Ll=Z YNIL) ONINVY310
sundwelon| 398V
(CEIgR H31I7
0, (qdd) | (qad) | (qdd) | (qdd) [  (wo-HN) asn
SunLveEdnaL | ZSIN0o) eeinnoo) “50” |01 | Cois | teew | aLiaLisisas | 3AVEO | 67 INI0d

v bl



PCT/JP03/03874

WO 03/081647

OML aANO oY37

utw /0% uiw,/10g uiw,/70

rﬁ
Ll

O

|
|

o

0

88

g6 0/

7001

(%) ALINIQISSOd

»

d3lvm |
JHNdv3LIN

A

(304V)
ININAIND3 f+——
ONINVI1I MZ0e /gL
LR Rk
ONINVITO | UM/02

VG bl

714



PCT/JP03/03874

WO 03/081647

utw/7 0

0¢ 061 00l 0§

— ] 0
€ Tz
0e

+001

g9 bl

(%) ALITI9ISSOd

€0

9°0

¥'0

0

¥°0

70

H0L1Jv4d
NOLLVZITILN

Jun/urw /7 §
SdND 3AIH -
utw/ 4
OHLIT n /
(TIVAS) el

LNIWNAINOT ONINVITO

(TIVAS)
LNIWdIN®I ONINVITO

-

_uu/gl

(394V7)
LNINDINOT ONINVITO

i}

u/eg

(394v1)
ININAINOGT ONINVITIO

-t

utw,/1 €

-

9 oI/

6
/14



WO 03/081647

Fig. 7

PCT/JP03/03874

S1
USE REQUEST
GIGNAL SIGNAL OR USE END NO

SIGNAL
RECEIVED ?

S2

REQUESTED
GRADE OF WATER
IN USE ?

NO

S3
REQUESTED
GRADE OF WATER STILL
AVAILABLE ?

YES

S4

WRITE WAITING MARK
INTO PURE WATER USE DB
IN ASSOCIATION WITH
EQUIPMENT ID AND GRADE
ID, AND SEND WAIT
INSTRUCTION SIGNAL

| S5

Y

WRITE SUPPLY START MARK
INTO PURE WATER USE DB IN
ASSOCIATION WITH EQUIPMENT ID
AND GRADE ID, AND SEND USE
PERMISSION SIGNAL TO PERMIT
SUPPLY OF REQUESTED GRADE
OF PURE WATER

/
TO STEP Sf

USE END
GIGNAL

! S6

WRITE SUPPLY END MARK
INTO PURE WATER USE DB
IN ASSOCIATION WITH
EQUIPMENT ID AND GRADE ID

S7

WAITING MARK
ADDED TO REQESTED
GRADE OF PURE WATER

READ STATION ID HAVING
WAITING MARK WITH
RESPECT TO GRADE ID
FROM PURE WATER USE DB

e

\




PCT/JP03/03874

WO 03/081647

€6
HOLVHANID
¢N

)

WOOH NVIT10

— i 40014
ag qeq-qng
HI0RAD a5 . &ﬁﬁ@m@ —
SV moﬁmu_m_zmo dind 7
INYTISONOW
\\Q TS ¥S dWNd WNNJYA L |
, SH334NE HITHL 01
——>{ 40 ‘Sv9 IANSNOD
—»| HOIHM SINIWJING3
o | NV SATITIovS
Y3HLO OL
95 1ona
1SNvHX3
=01 aNIT SSYd-AS NI IATYA 40014 qed
va_.@v 2b HIJANg - ﬁ 87 JATVA 3LVD
- (4348 mi 3> L l
< -\
£'9% .N 9% JATVA E VA
BV 30VO JWNSSI bm_w A

3d1S1N0O

ONIHNLOVINNYN HOLONANOJINIS

6V (LNININ®3

L 38NL NOILOV3aY
O IN3IWdINO®3

ONITIOHLNGD HO) YITIOHINOD INJWdinos]  PAMNLOVANNYA
{
09 NV1
WOOH NV3I1D
JAISNI = m
80 INIWaovNYW || 80 INaWIovNYIy .
ININdINO3 1ONa0ud % U.N..U\



PCT/JP03/03874

WO 03/081647

LINIWAINOT HIHIONY 4O H344Ng 0L A1ddns

LG

L3INIGYD
H3IANITAD

¢ 9 ANTVA

SY9
ANVIISONOW

i

A@f

3OI4THO

G JATVA

H3--ng m<oQ ~(X)—
G

E¥ J9NVH IHNSSIHd

J6 b

LINIWAINOI HIHIONY 40 H344Ng OL Alddns

(e

L3NIGVYD
H3ANITAD

SY9
ANVIISONOW

S

d3T7104LNOD MOTd SSYW

O

_ ¢ 9% JNTVA

Gy JATVA

2y mm&:mQ —(X)
@D

€V JONVO IHNSSIHd

AINIWdINOT YIHLONY 40 H344Ng OL AIddNs

¢ 9¥ JNTVA

6 )
13NIgVD
mmm@mé A
ANVIISONOW %,»\Ao
O doisnray .
J4NSS3Hd

Gy IATVA

iv mm“_usmo.l®| V6 b

[

E¥ JONVO IHNSSIYd



WO 03/081647 PCT/JP03/03874

Fig. 10A

MASS FLOW PRESSURE
CONTRPLLER GAUGE 43
MFC G N N
ONOSILANE
REACTION GAS
*/{g' TUBE 41 Q- |BUFFER 42}—&) CYLINDER
OPENING ADJUSTVIENT VALVE 45 VALVE 462 | CABINET

Fig. 108

ADJUSTMENT

PRESSURE
OF PV OPENING PRESSURE
G
REACTION [PV] MONOSILANE
*/@‘ TUBE 41 X BUFFER 42}—(X) CYONDER
VALVE 45 VALVE 46.2 | CABINET

OPENING ADJUSTMENT 51

CONDUCTANCE ADJUSTING
VALVE

Fig. 10C

PRESSURE
GAUGE 43
P6>
MONOSILANE
REACTION
TUBE 41 &) BUFFER 42 }—() CYUNDER
CLOSE VALVE 45 VALVE 462 | CABINET

Fi1g. 100D Fig. 10E

FILM

= A A | THICKNESS
wo =
&3, S .
={aa Ep TARGET
= B THICKNESS
=L Sec
oL i
zCD = 4——\

(@] ‘ —

TIME CALCULATED TIME
DEPOSITION TIME
10
14

SUBSTITUTE SHEET (RULE 26)



PCT/JP03/03874

WO 03/081647

JOHNOS QI10S 3HNSYAW OL a3asn

38 NVO W3HL 0 JHOW HO 3NO ANV SINIWAINGI HITHL

40 H344n8 OL Alddns

LNIWLsnray
3HNLYHIdWAL
H31V3H

INIWNYLSNI 2°9% 3ATVA

ONIHNSYIW LHOIIM

(A zv mmmn_:m_. >

g IATVA

Q
298 ;
Bmm “m._.Z%H_mmw-D@m
‘ DR 40 43:4ng e naanv®
2(do)ny sy Hons I | 0L AlddNsS
(S13713d “STINNYHO e
.mwo;o_nm arios
[
g/ b
30HNOS QINOIT FHNSYHA
OL 03SN 38 NVO WIHL 4O JHOW HO INO ANY
LNIWNYLSNI
Vaw L SNOLLY.LS HITHL
SLidns m_\\,_ Iom_;. 40 4¥344n8 OL A7ddns
: ANIWIsnray
mm:&%wm%m_.
=S 2'9% IANVA Sy AATVA
: : o
010 Z(d013)ny mSS — XM 2¥ mm_n_n_:m. >
‘13d 404 Y3NIVINOD COH ==
39VHOLS QINGIT T
1g o5
e 39Nv9
HOSNIS 3HNSS3Hd

13ATT

AVIE

11
A4



PCT/JP03/03874

WO 03/081647

INIWLISNray 4OSS3HUdWOD
3HNSSAHd HO- ONINZdO
J18VIHVA HLIM 3ATVA 3LV

Sy INTVA

HOLVHINIO
ANIHON 4

NOISNH1X3 HO4 SVO ¢@N

JATVA
NdN1=3d

v 3anL
T mm&:mo.@ NOLLOVH

R

€ 39NVH IUNSSAHd

1)
INIWdINO3
INIWTLVEY

SV9

IANTVA
AVM—-3I3HHL

gzl b

ONIHO13

Gy INTVA

L'9F IATVA

HOLVHINIO
ANIHON A

3HNSSAHd HOd ONINIHO
INGVIHVA HLIM 3ATTVA 319

JATVA Ndni3d

40 GN3 ¥31dV N3dO
ANInisnray

ev mmmu_:m©|®l

Ly 380Nl
NOILOV3H

=

JANTVA
AVM—-334HL

£F 39NVH FHNSSIHd

LANIE]

diind OL

14

12

SUBSTITUTE SHEET (RULE 26)



PCT/JP03/03874

WO 03/081647

| 25 HolvHanzo zd

¢'6v 43 T104LINOD
ININdINOS

2’0y INIWLINGI
GAJdT Y3HLONV

€-2G H3ddng
2-35 _
? .Vle
H3TIOHLNOD
T NOLLNAIY1SId
0-¢S

1%°]

(ssep0)
107 40 33HO3A AONIOHINI-

107 1X3N

40 IdAL WIId ‘SSANMOIHL WIIde
NOILYIWHOANI 107

H344NE SVO NI JHNLYHIdWI L.
JHNSS3™d 24 INIHHNO-
SSANMOIHL WIId4 d3LVINNNDIV.
NOILVIWHOSNI LNINJINOI

€L H3IAH3S WID INVd

L'6v Y3TI0HLNOD
LNIWNLINOI

L"0F LNIWJINGS

aAOdT HIHLONY

14
43 T10H1INOD
1NINJINO3

09
NV LNV1d—NI

gl b

38nL
NOILOV3H

OF 1INIWdIN®3 AADdN




WO 03/081647

Fig. 14

PCT/JP03/03874

PRODUCT EQUIPMENT
MANAGEMENT DB || MANAGEMENT DB
71 72
< LAN 60
()PLANT PRIMARY HF SUPPLY PIPE
| 5
EQUIPMENT EQUIPMENT EQUIPMENT
CONTROLLER CONTROLLER CONTROLLER
49 49.1 49.2
BUFFER
42

EQUIPMENT

BATCH
WASHING
EQUIPMENT

WASHING

EQUIPMENT

HF
CONDENSATION/
REFINERY
EQUIPMENT DB

PLANT
ACID
WASTE
PIPE




INTERNATIONAL SEARCH REPORT International application No.
PCT/JP03/03874

A. CLASSIFICATION OF SUBJECT MATTER
Int.CI’ HO01L21/02,H01L21/304,C02F1/00,G06F17/60

According to International Patent Classification (IPC) or to both national classification and TPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
Int.CI’ HO1L21/02,H01L21/304,C02F1/00,G06F17/60

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Japanese Utility Model Gazette 1922-1996, Japanese Publication of Unexamined Utility Model
Applications 1971-2003, Japanese Registered Utility Model Gazette 1994-2003, Japanese Gazette
Containing the Utility Model 1996-2003

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2001/0051886 Al (Kunihiro MITSUTAKE) 1-5,15
2001.12.13, whole document, Fig.1l-28
& JP 2002-55711 A, whole document,Fig.1-20

Y & JP 2001-344472 A & CN 1347054 A 14,17
X JP 2000-135426 A(TOKICO,LTD.)2000.05.16, 6-13,16
Y whole document, Figl-2 (Family:none) 17

Y JP 9-47750 A(RICOH COMPANY,LTD)1997.02.18, 14

whole document, Fig.l-5(Family:none)

A WO 96/29598 Al (HITACHI, LTD.)1996.09.26, 1-17
whole document, Fig.l-12(Family:none)

I:I Further documents are listed in the continuation of Box C. D See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority

“A” document defining the general state of the art which is not considered date and not in conflict with the apﬁhqatxon but cited to understand
to be of particular relevance the principle or theory underlying the invention

“E” carlier application or patent but published on or after the international «X» document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

“L” document which may throw doubts on priority claim(s) or which is step when the document is taken alone

gltggizﬁor::;izh(i}; ;heec;iaglg(lil)catlon date of another citation or other .y» document of particular relevance; the claimed invention cannot be

P S 5P considered to involve an inventive step when the document is

“O” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“P”  document published prior to the international filing date but later than

the priority date claimed &” document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report
16.06.03 ui.07.03
Name and mailing address of the ISA/JP Authorized officer lanl 9170
Japan Patent Office YOICHI OSHIMA '+ Seal
3-4-3, Kasumigaseki, Chiyoda-ku, Tokyo 100-8915, Japan | Telephone No. +81-3-3581-1101 Ext. 6764

Form PCT/ISA/210 (second sheet) (July 1998)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

