
CATALYSTS FOR RING CLOSING METATHESIS This invention
relates to a catalyst composition comprising a
catalyst and a support, which may be used in a
ring-closing metathesis (RCM) reaction. BACKGROUND
Ring-closing metathesis (RCM) is used for synthesizing
cyclic compounds. RCM has played a key role in the
generation of cyclic motifs since Grubbs and
co-workers reported the now well-defined ruthenium
catalysts. (See, for example, Schwab, P.; France, M .
B.; Ziller, J . W.; Grubbs, R . H . Angew. Chem. Int.
Ed. Engl. 1995, 34, 2039.) Grubbs catalysts and
Hoveyda-Grubbs catalysts have found wide application,
including in the synthesis of various heterocyclic and
macrocyclic natural products, and other polymers.
However, industry, including the pharmaceutical
industry has not yet widely adopted RCM in large-scale
manufacturing. Reasons for this include the high cost
of the ruthenium-containing compounds, and the
relatively high metal leaching. Attempts have been
made to immobilize these homogeneous catalytic
complexes on several types of supports. Many groups
have reported on the immobilization of the first- and
second-generation Grubbs' catalysts (see, for example,
Seiders, T . J.; Ward, D . W.; Grubbs, R . H . Org.
Lett. 2001, 3 , 3225) . Others have reported on the
immobilization of reusable modifications of these
catalysts (see, for example, Kingsbury, J . S.;
Harrity, J . P . A .; Bonitatebus, P . J.; Hoveyda, A
. H . J . Mi. Chem. Soc. 1999, 121, 791; and Gessler,
S.; Randl, S.; Blechert, S . Tetrahedron Lett. 2000,
41, 9973) . Immobilizationtechniques have been
reported using: soluble polymers (see, for example,
Yao, Q . Angew. Chem. Int. Ed. Engl. 2000, 39, 3896;
and Yao, Q./ Motta, A . R . Tetrahedron Lett. 2004,
45, 2447); insoluble polymers (see, for example,
Barrett, A . G . M.; Camp, S . M.; Roberts, R . S .
Org. Lett. 1999, 1 , 1083; Nieczypor, P.; Buchowicz,
W.; Meester, W . J . N.; Rutjes, F . P . J . T.; MoI,
J . C . Tetrahedron Lett. 2001, 42, 7103; Akiyama, R.;
Kobayashi, S . Angew. Chem. Int. Ed. Engl. 2002, 41,
2602; Grela, K.; Tryznowski, M.; Bieniek, M .
Tetrahedron Lett. 2002, 43, 9055; and Halbach, T . S.;
Mix, S.; Fischer, D.; Maechling, S.; Krause, J . 0.;
Sievers, C ; Blechert, S.; Nuyken, 0.; Buchmeiser, M .
R . J . Org. Chem. 2005, 10, 4687); monolithic gels
(see, for example, Kingsbury, J . S.; Garber, S . B.;
Giftos, J . M.; Gray, B . L.; Okamoto, M . M.; Farrer,
R . A.; Fourkas, J . T.; Hoveyda, A . H . Angew. Chem.
Int. Ed. Engl. 2001, 40, 4251); ionic liquids (see,
for example, Audic N.; Clavier, H.; Mauduit, M.;
Guillemin, J .-C. J . Am. Chem. Soc. 2003, 125, 9248;
and Yao, Q.; Zhang, Y . Angew. 



Chem. Int. Ed. Engl. 2003, 42, 3395); fluorous
materials (see, for example, Yao, Q.; Zhang, Y . J .
Am. Chem. Soc. 2004, 126, 74; and Matsugi, M.; Curran,
D . P . J . Org. Chem. 2005, 70, 1636) ; and silica
(see, for example, (Melis, K .; Vos, D . D.; Jacobs,
P.; Verpoort, F . J . MoI. Catal. A : Chem. 2001, 169,
47). However, immobilized catalysts obtained by these
methods generally also suffer from shortcomings, such
as, low reactivity (e.g., due to diffusion-related
issues), reduced activity upon reuse, requirement for
further purification, etc. Ring-opening metathesis
polymerization (ROMP) by (a) glass-type (see, for
example, Kingsbury, J . S.; Garber, S . B.; Giftos, J
. M.; Gray, B . L.; Okamoto, M . M.; Farrer, R . A.;
Fourkas, J . T.; Hoveyda, A . H . Angew. Chem. Int.
Ed. Engl. 2001, 40, 4251) and (b) one-pot
functionalizedmonolith (see, for example, Sinner, F.;
Buchmeiser, M . R . Macromolecules 2000, 33, 5777; and
Mayr, M.; Mayr, B.; Buchmeiser, M . R . Angew. Chem.
Int. Ed. Engl. 2001, 40, 3839) have also been
reported. Both seem to be complicated procedures,
despite the apparent advantages of application to
library generation and ability to be recycled. A
silica gel-supported metathesis catalyst has also been
reported, with reported mild reaction conditions, high
turnover number and ease of purification. (See
Fischer, D.; Blechert, S . Adv. Synth. Catal. 2005,
347, 1329.) However, this catalyst does not recycle
well, even for reaction involving a simple substrate.
Only 68% yield was reported achieved in three runs.
Others have reported on the use of mesoporous
compositions as supports for catalysts. (See, for
example, US 6,544,923 and Xiaohua Huang, Chem. Comm. ,
2007, DOIrIO. 1039/b615564) . Siliceous mesocellular
foams (MCF) have been prepared having a
three-dimensional, interconnected pore structure with
ultralarge cell-like pores (e.g., 24-42 nm) that are
connected by windows of, for example, 9-22 nm. (See,
for example, Schmidt -Winkel, P.; Lukens, W . W., Jr.;
Zhao, D.; Yang, P.; Chmelka, B . F.; Stucky, G . D . J
. Am. Chem. Soc. 1999, 121, 254; Schmidt -Winkel, P.;
Lukens, W . W., Jr., Yang, P.; Margolese, D . I.;
Lettow, J . S.; Ying, J . Y .; Stucky, G . D . Chem.
Mater. 2000, 12, 686; Lettow, J . S.; Han, Y . J.;
Schmidt -Winkel, P.; Yang, P.; Zhao, D.; Stucky, G .
D.; Ying, J . Y . Langmulr 2000, 16, 8291; Lettow, J .
S.; Lancaster, T . M.; Glinka, C . J.; Ying, J . Y .
Langmulr 2005, 21, 5738; and Yu, H.; Ying, J . Y .
Angew. Chem. Int. Ed. 2005, 44, 288.)In general, known
procedures have not generated sufficiently efficient
heterogenized catalysts for industrial applications.
These immobilized catalysts have 



generally been difficult to prepare with high cost,
poor environmental compatibility, and relatively poor
catalytic activity. SUMMARY According to one broad
aspect of the present invention, there is provided a
catalyst composition comprising a ruthenium catalyst
immobilized on a siliceous mesocellular foam support.
In one embodiment, the ruthenium catalyst is a Grubbs
catalyst or a Hoveyda-Grubbs catalyst. According to
another embodiment of the present invention, there is
provided a catalyst composition comprising a catalyst:
immobilized on a siliceous mesocellular foam support.
The catalyst composition may be immobilized on the
siliceous tiesocellular foam support using a linking
group comprising a carbamate or silyl group, for
example. In an exemplary embodiment, the carbamate or
silyl group is attached to the siliceous mesocellular
foam support through an alkyl spacer,such as, for
example, a Ci-C6 alkyl group. In a further exemplary
embodiment, the carbamate is a methyl carbamate, and
the silyl group is substituted by one or two methyl
groups. In a still further exemplary embodiments, the
linking group is -X-C(O)N(H)CH 2CH2CH2- , wherein X is
CH2O or 0 , or the linking group is -Si (CH3) 2-
[(Ci-C6)alkyl] n- , wherein n is 0 , 1 , 2 , 3 , 4 , 5
, or 6 . In a yet further exemplary embodiment, the
linking group is attached to the 2-position of the
catalyst: In another exemplary embodiment of the
present invention, the siliceous mesocellular foam
support comprises trimethylsilyl . In a further
embodiment, the siliceous mesocellular foam support
comprises spherical, monodisperse siliceous
mesocellular foam microparticles . The siliceous
mesocellular foam support may have an average pore
diameter of about 24 to about 42 nm. The catalyst
composition according to the present invention may be
used in a ring-closing metathesis reaction. In another
invention embodiment, the catalyst composition is
recycled for use in a further ring-closing metathesis
reaction.In a further broad aspect, the present
invention provides a method for preparing a catalyst
composition comprising immobilizing a Grubbs catalyst
or a Hoveyda- Grubbs catalyst on a siliceous
mesocellular foam support. In an exemplary embodiment,
the catalyst is: DETAILED DESCRIPTION In the catalyst
compositions of the invention, a catalyst is
immobilized on a solid support comprising siliceous
mesocellular foams (MCF) . In one exemplary
embodiment, spherical, monodisperse MCF is used as
support 



for RCM catalysts including in, for example, batch
reactor and packed bed reactor applications. In one
embodiment, the pores have an average diameter of
about 24 to about 42 nm, and may have open "windows"
between the pores of about 9 to about 22 nm. Spherical
MCF microparticles can be modified easily in terms of
microstructure, pore size and surface chemistry for
specific applications, as will be apparent to a person
skilled in the art. The physical and chemical
properties of MCF allow this material to be easily
handled both at the laboratory and manufacturing
scales. The heterogenized catalysts of the present
invention may be used for ring-closing metathesis
(RCM) .The catalyst compositions obtained according to
the present invention may be beneficial to the
chemical and pharmaceutical industries, such as, for
example, in the large-scale production of drug
candidates and food products, and the large-scale
synthesis of fine and specialty chemicals. The
catalyst compositions of the invention may be used on
a wide variety of substrates under mild reaction
conditions, including for ring closure of diene
containing starting materials. The catalyst
immobilized on the MCF is not particularly limited.
For RCM reactions, a ruthenium containing catalyst,
such as a Grubbs type catalyst or a Hoveyda-Grubbs
type catalyst, may be used. Hoveyda-Grubbs catalysts
have the following general structure: wherein: P is
platinum, Cy is cyclohexyl; and Mes is mesityl.
Suitable derivatives of these catalysts are also
within the contemplation of the present invention.
Ruthenium ligands may be immobilized on the support
using a suitable linking group, including, without
limitation, a Hoveyda-type ligand. Non-limiting
examples of other catalysts and linking groups are
described in more detail herein. The catalyst
compositions of the invention were observed to exhibit
activity and reusability suitable for RCM of various
types of substrates.In one exemplary embodiment of the
present invention, immobilized second-generation
Hoveyda-Grubbs catalysts using MCF as a solid support
were obtained. Isopropoxystyrene ligands were fixed on
the solid surface of the MCF support. The
immobilization of catalysts _4_a and b is illustrated
in Scheme 1 . Scheme 1 Reaction conditions Scheme 1 :
(a) 1.05 eguiv. 3-isocyanopropyltriethoxysilane, 0.01
eguiv. 4-dimethylaminopyridine, 3 equiv.
triethylamine, dichloromethane (DCM), 45C, 93-95%. (b)
Partially trimethylsilyl (TMS) -capped MCF, toluene, 



100 0C ; hexamethyldisilazane (HMDS), 800C , 95-99%.
(c) 1.05 eguiv. second-generation Grubbs' catalyst,
1.05 eguiv. CuCl, DCM, 500C , 90-94%. In Scheme 1 ,
starting with commercially available
3-bromo-4-hydroxybenzaldehyde and 2
,5-dihydroxybenzaldehyde, the alcohol 2 a and phenol
2_b were readily prepared using known procedures.
Intermediates 2a and 2b were immediatelyreacted with
3-isocyanylpropyltriethoxysilane to generate the
corresponding carbamates, which were immobilized onto
the surface of the partially trimethylsilyl-capped
(TMScapped) MCF by heating at 100 0C in toluene. In
order to minimize the interference from MCF' s
residual surface silanols, the catalyst was
post-capped by treatment with hexamethyldisilazane
(HMDS) to obtain the isopropoxystyrene ligands a1 and
3b . In another invention embodiment, heteroatom-free
alkyl chains of tunable length were introduced to
suppress the possibility of undesirable interference
with the linker group in the catalytic reactions
(Scheme 2 ) . 6 Scheme 2 . Reaction conditions Scheme
2 : (a) (i) 1.05 equiv. Mg, 0.01 equiv. I2,
tetrahydrofuran (THF) , reflux, (ii) 3 equiv. Me2SiCl2
for 3c, ClSiMe 2 (CH) 2Cl for 3d, ClSiMe 2 (CH) 6Cl
for 3e, 90-96%. (b) Partially TMS-capped MCF, 3 equiv.
triethylamine, toluene, room temperature; HMDS, 80 0C
, 99%. (c) 1.05 equiv. second-generation Grubbs'
catalyst, 1.05 equiv. CuCl, DCM, 50C, 90-94%.The
2-isopropoxy-4-bromostyrene _2c was readily silylated
via Grignard reaction using three types o f
dichlorides, which were immobilized onto the surface o
f MCF b y heating in toluene in the presence o f
triethylamine t o derive the immobilized ligands
3c:-~_3e in excellent yields. The immobilized catalyst
_4a-_4e_ o f Schemes 1 and 2 were isolated b y
refluxing the catalyst and the functionalized MCF
3a_-3e_ in refluxing dichloromethane (DCM) in the
presence o f copper (I) chloride, followed b y
filtration and drying. Catalysts _4_a~_4e_ were
prepared with different ligand and metal loadings, and
stored for more than several months without losing any
activity. The immobilized catalysts _4a.-^e were
tested for RCM in dichloromethane (DCM) , toluene or
tetrahydrofuran (THF) b y using diethyl
diallylmalonate 5J and monitoring its conversion t o
the cyclized product 5b . RCM was determined a s a
percent (%) conversion (Conv) o f diene 5a_ to product
5_b over a time (t) . The results are shown in Table 1
. Unless otherwise noted, all reactions were performed
over 5 mol% o f catalyst (Cat) at 



0.05 M in solvent at room temperature. The
TMS/Ligand/Ru Loadings in mmol/g were determined b y
elemental analysis. The percent conversion was
determined b y gas chromatography (GC) .a Performed at
0.1 M in solvent. Performed over 2.5 mol% of catalyst.
Table 1It was observed that the reaction rate was
dependent on the solvent used. It was observed that
DCM and toluene were more effective than THF for all
catalyst systems tested. The loadings of ligand and
ruthenium did not seem to considerably affect the
catalytic activity. However, it is noteworthy that the
catalysts with very high ligand loadings and partially
(<30%) loaded ruthenium showed reduced reaction rates
(Entries 7-9) . Without being bound by any theory, the
high abundance of free ligands might have provided the
reactive ruthenium carbene species more opportunities
to return to the solid phase, which in turn slowed
down the reaction. It was observed that the reaction
became faster at a higher concentration (0.1 M )
(Entries 4 , 6 , 8 , and 11) , without forming any
significant amount of side-products as detected by
nuclear magnetic resonance (NMR) spectroscopy. When a
lower amount of 4_a (2.5 mol%) was used, the reaction
rate was decreased significantly (Entry 5 ) . It was
observed that the reaction was accelerated with the
increased flexibility of the linker group composed of
non-coordinating hydrocarbon alkyl chain (Entries
12-14). Without being bound by any theory, when a
short or rigid linker is used, the increased
interaction between the catalytic center and the MCF
surface may be interfering with and retarding the
release and return of the ruthenium during the
reaction. To examine the role of the carbamate group
in the linker, homogeneous catalyst 7 _ was prepared
in good yield from alcohol 2a_ and ji-butyl isocyanate
in the same manner as 4a via intermediate 6 (Scheme 3
) .Scheme 3 . Reaction conditions for Scheme 3 : (a)
1.05 equiv. n-butyl isocyanate, 0.01 equiv. 4-DMAP, 3
equiv. triethylamine, DCM, 45C, 95%. (b) 1.05 equiv.
second-generation Grubbs' catalyst, 1.05 equiv. CuCl,
DCM, 50 0C ; column chromatography; recrystallization,
85%. It was observed that the carbamate moiety did not
notably affect the catalytic activity, and the
reaction rate of 1_ was comparable to the commercially
available secondgeneration Hoveyda-Grubbs' catalyst
JLb (Entries 15 and 16 in Table 1 ) . The
recyclability of immobilized catalysts 4a-4e 



(Cat) in the ring-closing metathesis reaction of diene
5_a to product 5_b in DCM was evaluated over a time
(t) of 1-2 hours (h) . The results are shown in Table
2 . Unless otherwise noted, all reactions were
performed over 5 mol% catalyst at 0.05 M in DCM at
room temperature. The percent (%) conversion was
determined by gas chromatography (GC) .a Performed at
0.1 M in DCM. b Performed under reflux. Table 2 .
Excellent conversions were observed (Table 2 ) for up
to 6 runs (90-97%), followed by gradual loss of
activity in subsequent runs. A decrease in activity to
76-80% conversions was noted for run #10 at room
temperature. Without being bound by any theory, this
loss in activity could be due to deactivation and/or
leaching of the ruthenium carbene species, which
should be in the solution phase during catalytic
reactions. It was noteworthy that the recyclability
was improved at an elevated temperature (Entry 3 in
Table 2 ) . Without being bound by any theory, the
shorter reaction time might have reduced catalyst
deactivation, and the elevated temperature might have
facilitated the ethylene removal. Ability to recycle
was also examined with toluene as solvent. The results
are shown in Table 3 . Unless otherwise noted, all
reactions were performed over 5 mol% of immobilized
catalyst 4_a or 4JD (Cat) at 0.05 M in toluene at room
temperature for a time (t) of 1-2 hours (h) . The
percent (%) conversion (Conv) was determined by gas
chromatography (GC) .Table 3. When toluene was used as
the solvent, substantial loss in activity was noted
after the first recycle (Table 3 ) However, subsequent
loss in activity was more gradual so that 77-8 6%
conversions were achieved for run #10 at room
temperature. The performance of the MCF-supported
catalysts , was examined for the RCM of other dienes
(see Table 4). The reaction time was determined in the
first run for a nearcomplete conversion of the
specific substrate, and was kept constant for the
subsequent runs to monitor any decrease in catalytic
activity. Unless otherwise noted, all reactions were
performed over 5 mol% of _4_a at 0.05 M in DCM for 1.5
hours- at room temperature. All percent (%)
conversions were determined by gas chromatography (GC)
except for entry 9 ; the percent conversions for entry
9 were determined by 1H-NMR spectroscopy (400 MHz)
.AUTOMATEDMANUFACTURING SYSTEMS AND METHODS FIELD OF
THE INVENTION The present invention relates generally
to manufacturing automation systems and methods.
BACKGROUNDOF THE INVENTION 



Manufacturing automation has become increasingly
important as the need to remain high throughput
increases. In manufacturing of a product, many
processes may be needed. For example, semiconductor
manufacturing may include over 400 processing steps
involving more than 100 different tools. Furthermore,
the process route can include a high level of
reentrance in which the same tool or tool types are
used. An important aspect in manufacturing automation
is material handling. To facilitate material handling,
automated transport systems are employed. Conventional
automated transport systems are used in, for example,
a semiconductor manufacturing plant typically
comprises a plurality of bays. Each bay includes a
plurality of tools which are used to process wafers.
Transport vehicles, such as overhead transport (OHT)
are provided for automatic transfer of wafers
contained in a carrier. A stocker which temporarily
stores carriers is provided for each bay. A transport
system controller controls the movement of carriers
within a bay or between bays. Fig. 1 shows the
material flow of a conventional manufacturing facility
having an automated transport system. At step 105, a
manufacturing execution system (MES) polls the tools
sequentially within a bay. The polling is achieved
with a "watchdog". The MES can have multiple
watchdogs, which each monitoring a respective group of
tools. For example, each watchdog will monitor a
certain number of tools, such as 10. The watchdog will
go and check the status of the 10 tools to see whether
a tool requires an OHT for carrier delivery or pickup.
When a tool has a status which indicates that it
requires the services of the automated transport
system, it can be either to process another lot (A) or
to pick up a processed lot (B). In the case where
anotherlot is to be processed, the MES instructs the
automated transport system to dispatch a vehicle to
the stocker to retrieve a lot at step 115. The vehicle
delivers the retrieved lot to the tool for processing
at step 125. A situation may occur where the lot to be
processed is located in a stocker of another bay. For
such situation, the controller dispatches a vehicle in
the main bay to retrieve the lot at step 155 and
delivers it to the appropriate bay at step 165. Once
the lot is in the appropriate bay, the process
proceeds as in A. On the other hand, when a processed
lot is to be picked up, the controller dispatches a
vehicle to the tool. The vehicle retrieves the
processed lot from the tool at step 135 and delivers
it to the stocker at step 145. According to
conventional automated transport systems, at least one
stocker is necessary to serve as an intermediary. The
typical cycle time (e.g., time period from the process
completion of a first lot to the arrival of a second
lot for processing) of conventional automation system
is greater than 11 minutes. It is desirable to
increase manufacturing productivity of automation
system by improving cycle time. SUMMARY OF THE
INVENTION The present invention relates generally to
manufacturing automation methods and systems. In one
aspect of the invention, a method for manufacturing
automation is disclosed. The method includes issuing a
transfer request by a first tool to transfer a
processing material of which the first tool has
completed processing. A destination of the processing
material is determined. The processing material is
then transferred to a second tool for processing if
the second tool is available. If the second tool is
not available, the processing material is then
transferred to a storage location. In another aspect,
the invention relates to a method for manufacturing
automation. The method comprises issuing a transfer
request by a first tool to transfer a processing
material of which the first tool has completed
processing. A destination of the processing material
isdetermined by identifying available tool
destinations and determining priority of the
processing material for the available tool
destinations. The processing material is then
transferred to a second tool for processing by the
second tool if the second tool is available. If the
second tool is unavailable, the processing material is
then transferred to a storage location. A
manufacturing automation system is provided in another
aspect of the invention. The 



system comprises a plurality of bays having a
plurality of tool group with temporary storage
locations associated with the bays. A transport system
for transferring processing material and an automation
controller for controlling the transfer of the
processing material. The processing material is
transferred by the automation controller when
requested by a first tool to a second tool if the
second tool is available or to one of the temporary
storage locations if the second tool is not available.
These and other objects, along with advantages and
features of the present invention herein disclosed,
will become apparent through reference to the
following description and the accompanying drawings.
Furthermore, it is to be understood that the features
of the various embodiments described herein are not
mutually exclusive and can exist in various
combinations and permutations. BRIEF DESCRIPTION OF
THE DRAWINGS In the drawings, like reference
characters generally refer to the same parts
throughout the different views. Also, the drawings are
not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the
invention. Various embodiments of the present
invention are described with reference to the
following drawings, in which: Fig. 1 shows the
material flow of a conventional manufacturing facility
with an automated transport system; Fig. 2 shows a
layout of an AMHS in accordance with one embodiment of
the invention;Fig. 3 shows an exemplary processing
tool disposed in a bay; Fig. 4 shows an automation
system for controlling the operation of a
manufacturing plant in accordance with one embodiment
of the invention; Figs. 5a-c show various material
flow options of an AMHS in accordance with one
embodiment of the invention; Fig. 6 shows a process
flow of an automation system which determines the
transfer options of an AMHS in accordance with one
embodiment of the invention; Fig. 7 shows a process
flow of an automation system in accordance with one
embodiment of the invention; and Fig. 8 shows an
automation system in accordance with one embodiment of
the invention. DETAILED DESCRIPTION OF THE INVENTION
Fig. 2 shows a layout of an automated material
handling system (AMHS) 202 in accordance with one
embodiment of the invention. The AMHS is employed in,
for example, a semiconductor manufacturing plant. The
AMHS can also be used in the manufacturing of other
products, for example, LCD panels. The factory layout
may comprise a plurality of bays 220. The bays, in one
embodiment, are located on opposite sides of a main
bay or central isle 240. Tools 250 are arranged in a
loop within a bay. A transport system, such as an AMHS
is provided for the main bay and bays. The AMHS, in
the embodiment, for example, comprises an overhead
transport (OHT) system. The overhead transport system
includes tracks 222 and 242 in which transport
vehicles travel. Other types of transport systems are
also useful. Typically, a loop contains multiple
vehicles and travel in one direction. Other
configurations, bi-directional travel within a loop,
can also be useful. Transport vehicles in tracks 222
facilitate transfer of wafers contained in a carrier
to tools within a bay (intra-bay) while transport
vehicles in track 242 facilitate transfer of carriers
between bays (inter-bay). Various types of carriers,
such as frontopening unified pods (FOUPs) can be used.
Other types of carriers, including standard mechanical
interface (SMIF) pods, are also useful. Generally, the
wafers are grouped into lots. A carrier, for example,
can contain 1 or more lots for processing. A stocker
260 for temporary storage of carriers is provided. In
one embodiment, a stocker is associated with each bay.
Alternatively, a stocker can be located between two
adjacent bays for sharing therebetween. An AMHS
controller is used for controlling the movements of
the transports in the system. 



Fig. 3 illustrates an exemplary tool 350 disposed in a
bay. The tool can be any type of tool. The tool, for
example, can be any type of tool used in semiconductor
processing, such as a chemical vapor deposition (CVD)
tool, an etcher, or an implanter. Other types of tools
are also useful. The tool can include a plurality of
load ports 351a-d. By providing multiple load ports, a
tool can process multiple lots at the same time,
thereby increasing throughput. Tools with other number
of load ports (including 1) are also useful. Fig. 4
shows an automation system 400 for controlling the
operation of a manufacturing plant in accordance with
one embodiment of the invention. As shown in Fig. 4,
the system comprises a manufacturing execution system
(MES) 470. The MES monitors and tracks execution or
operations in the manufacturing plant. For example,
the MES tracks the location of carriers, status of
tools, lot reservations and lot status. Other types of
functions associated with the manufacturing plant can
also be tracked by the MES. The MES interfaces with an
event manager (EM) 471 and machine supervisory program
(MSP) 490. The EM interfaces with a real time
dispatcher (RTD) 480. The EM, in one embodiment,
performs destination and priority analysis of
materials which have been processed by a tool upon the
event of the tool issuing an unload request. The RTD
provides dispatching of carrier or lot sequences while
the MSP provides communication with equipment and MES.
The MES relays information to the AMHS for
transporting carriers. In accordance with one
embodiment of the invention, the AMHS comprisesan
event based AMHS. When a tool has finished processing
a lot of wafers or a lot has been unloaded, the MSP
informs the MES that the tool requires the services of
the AMHS. Figs. 5a-c show various material flow
options of an AMHS in accordance with one embodiment
of the invention. Referring to Fig. 5a, a first
material flow option is shown. As described in
conjunction with Fig. 3, a tool 350 of the
manufacturing plant can have a plurality of load ports
351a-d. In one embodiment, the AMHS enables, for
example, a carrier containing a lot of wafers to be
delivered directly from one or first port (e.g., 351a)
to another or second port (e.g., 351b) as depicted by
the arrow 552. A second option, as depicted by Fig.
5b, shows the AMHS transporting a carrier from a first
tool 350a directly to a second tool 350b in the same
bay. Direct transfer of a carrier to another port or
to another tool avoids the need to use a stocker as an
intermediary. Referring to Fig. 5c, a stocker 560
serves as an intermediary for transfer of a carrier
from a first tool 350a to a second tool 350b. The
stocker can also serve as an intermediary for transfer
of a carrier from a first port to a second port of the
tool when the second port is not available. Stockers
are also used for inter-bay transfers. Alternatively,
inter-bay transfers can be facilitated without the use
of stockers. For example, the carrier can be
transferred from one transport vehicle to another. By
providing the option of direct transfer between tools,
ports or bays, cycle time can be shortened. Fig. 6
shows a process in which the automation system
determines the transfer options of the AMHS in
accordance with one embodiment of the invention. At
step 617, the MSP informs the MES that a tool has
finished processing a lot. This event initiates the
MES in conjunction with, for example, the EM to
perform "Where Next" and "What Next" analysis at steps
627 and 637 respectively. In one embodiment, "Where
Next" indicates the next destination of the processed
lot from the tool. "What Next" indicates which lot is
to be processed at the next destination. Once the next
destination equipment is identified, the MES
determines whether the01 equipment is available. If
the equipment is not available, the MES instructs the
AMHS to deliver the carrier to the stocker at step
657. On the other hand, if the equipment is available,
the MES determines whether the lot has priority to be
processed at the destination equipment. Priority rules
can be designed in accordance with needs of a specific
manufacturing facility. For example, priority can be
determined based on lot type and/or schedule
completion date (SCD). The AMHS delivers the carrier
to the equipment at step 647 if it has priority, or
else, to the stocker at step 657 



if there is no priority. Fig. 7 shows a process flow
701 of the automation system in accordance with one
embodiment of the invention. When a tool (e.g., Tool
A) has finished processing a batch of material, it
issues an unload request at step 703. For example, the
unload request is issued when processing of a lot of
wafers by the tool is finished. To transfer the
wafers, they are loaded in a carrier such as a FOUP.
Typically, a lot of wafers is assigned to a specific
FOUP for the duration of the manufacturing process.
The FOUP can contain more than one lot. Tracking of
the FOUP can be achieved by, for example, bar codes or
radio frequency tags. Other techniques for tracking
FOUPs are also useful. The unload request can be
issued by, for example the MSP of the tool. Upon
receiving the unload request, the MES checks to see if
a transportation job has been assigned to the carrier
associated with the lot available for transport at
step 708. If a transportation job has been assigned,
no action is required. The carrier waits for the AMHS
to send an available vehicle to tool A to pick up the
carrier at 709. On the other hand, if no
transportation job has been requested, a "Where Next"
analysis is performed at step 713. In one embodiment,
the "Where Next" analysis is performed by the EM. In
one embodiment, the EM requests a list of available
destinations for the carrier. The available
destination can be a stocker or a tool. In one
embodiment, a tool destination takes priority over
stocker destination. Factors used in determining
available tool destinations include, for example,
available tools for performing the next process onthe
material, status of the tools, as well as tool
capabilities. Other factors, such as recipe
availability or any tool dedication, can also be
incorporated into the analysis. For example the tools
can be filtered if the required recipe is not
available. As an illustration, the next process for
the lot of wafers in the carrier is an etch process.
For the specified etch process, the facility has Tool
Bl, Tool B2, Tool B3, Tool B4 and Tool B5 which can be
used. Out of these tools, Tool Bl is offline or
unavailable, leaving Tools B2-B5 available. As a
result, the list would indicate that Tools B2-B5 are
available destinations. At step 718, the EM determines
from the list whether a stacker or a tool is the next
destination. For the case where the next destination
is a stocker, the EM at step 723, issues a
transportation request to the AMHS for delivery to the
stocker. hi the case where the next destination is a
tool (Tool B2), the EM determines if the tool is
available. For example, the EM checks the status of
the tool to ensure that it can accept the lot
contained in the carrier for processing. If the tool
is not available, the process returns to step 718 to
determine availability of another tool on the list of
available tool destinations (e.g., Tool B3). Steps 718
and 728 are repeated until a tool has been found
available or all the tools in the list of available
tool destinations have been queried. In the event that
no tool on the list is available, the MES issues a
transportation request to the AMHS for delivery to the
stocker at step 723. Once a tool from the list is
determined to be available (e.g., Tool B4), the EM
performs a "What Next" analysis at step 733. In one
embodiment, the "What Next" analysis comprises
obtaining a lot list from the RTD for Tool B4
(destination tool). The lot list contains a list of
lots which Tool B4 can process in order of priority.
As discussed, the lot list can depend on Rule
settings, for example, lot type and completion date.
The lot having the highest priority is selected at
step 738. At step 743, the EM performs lot
verification and validation process using, for
example, MES. In one embodiment, the lot verification
and validation process comprisesmatching the lot
information from Tool A with lot information of the
selected lot from the "What Next" analysis. If the
verification and validation process fails, the EM
returns to step 738 to select the lot with the next
highest priority for verification and validation at
step 743. In the case where a carrier can contain
multiple lots, it determines whether the MES can
reserve multiple lots contained within the same
carrier for processing. This, for example, occurs when
the lots are running on the same recipe. Steps 738 and
743 are performed until a lot has passed the 



verification and validation. If all lots fail in the
verification and validation process, the lots will be
sent back to stocker. Once the lot has been
successfully verified and validated, the EM checks on
the status of Tool B4 as well as the carrier at step
748. For example, the EM checks whether the load port
or destination port of Tool B4 is ready. The EM also
checks to see if the carrier is free (e.g., not
reserved by another tool). In one embodiment, the EM
at step 753 issues a lot reservation for Tool B4 when
both the port and carrier are ready. On the other
hand, if either the load port or carrier is not ready,
the EM returns to step 738. At step 758, the EM will
submit the lot reservation to the MES, the MES
determines whether the lot reservation was successful
or not. If the lot reservation was unsuccessful, the
MES will return an error message to the EM. When the
EM receives this error message, it will return to step
738. A successful lot reservation causes the EM to
issue a transportation request to the MES, causing it
to request the AMHS to pick up the carrier from Tool A
for delivery to Tool B4 at step 763. If the
transportation job request was not formed
successfully, the lot reservation is cancelled at step
773. If the transportation request was successfully
formed, the MES at step 771 checks to see if the
carrier reserved is the correct carrier associated
with the lot of wafers to be unloaded atTool A. In the
event that the carrier is not the correct carrier, the
MES returns to step 713. The lot reservation is
completed at step 788 if the carrier is the correct
carrier. After the lot reservation has been cancelled
at step 773, the EM returns to step 738 for the next
lot for Tool B4. The EM at step 783 also checks
whether the lot that has been cancelled at step 773 is
the lot unloaded from Tool A. If the lot is from tool
A, the EM issues a transportation job request to the
AMHS to deliver the lot to the stocker at step 783.
Otherwise, it proceeds to step 738. Fig. 8 shows an
automation system in accordance with one embodiment of
the invention. In one embodiment, the automation
system comprises a MES. The MES is a SiView Standard
Material Manager from IBM. Referring to Fig. 8,
process cards 816 and 826 of the MES are shown. As
indicated in card 816, FOUP BE99999 was unloaded from
FTEO701 at 15:54:35. Card 826 shows that 20 seconds
later, FOUP BE99999 was reserved by FDDN701. This
indicates that the FOUP has not gone back to the
stocker and was reserved by another tool. As evidenced
by the cards, improvement in delivery time is achieved
with the present invention. In one embodiment, it has
been found that at least up to 60% in delivery time
has been achieved. The invention may be embodied in
other specific forms without departing from the spirit
or essential characteristics thereof. The foregoing
embodiments, therefore, are to be considered in all
respects illustrative rather than limiting the
invention described herein. Scope of the invention is
thus indicated by the appended claims, rather than by
the foregoing description, and all changes that come
within the meaning and range of equivalency of the
claims are intended to be embraced therein. What is
claimed is:CLAIMS 1. A method for manufacturing
automation comprising: issuing a transfer request by a
first tool to transfer a processing material which the
first tool has completed processing; determining
destination of the processing material; transferring
the processing material to a second tool for
processing by the second tool if the second tool is
available; and transferring the processing material to
a storage location if the second tool is unavailable.
2. The method of claim 1 wherein determining
destination comprises identifying available tool
destinations for the processing material. 3. The
method of claim 2 comprises selecting the second tool
as a next tool destination for the 



processing material if the second tool is available.
4. The method of claim 3 comprises selecting the
storage location as a next destination if the second
tool is not available. 5. The method of claim 1
wherein determining destination comprises: identifying
available tool destinations; and determining priority
of the processing material for the available tool
destinations. 6. The method of claim 5 comprises
selecting the second tool as a next tool destination
for the processing material if the second tool is
available.7. The method of claim 6 comprises selecting
the storage location as a next destination if the
second tool is not available. 8. The method of claim 1
further comprises determining whether the transport
request for transferring the processing material has
already been assigned to the first tool after issuing
the transfer request. 9. The method of claim 8
comprises: determining destination if no transport
request has been assigned to the first tool after
issuing the transfer request; or waiting for transport
if the transport request has been assigned to the
first tool. 10. The method of claim 9 wherein
determining destination comprises identifying
available tool destinations for the processing
material. 11. The method of claim 10 comprises
selecting the second tool as a next tool destination
for the processing material if the second tool is
available. 12. The method of claim 11 comprises
selecting the storage location as a next destination
if the second tool is not available. 13. The method of
claim 9 wherein determining destination comprises :
identifying available tool destinations; and
determining priority of the processing material for
the available tool destinations.14. The method of
claim 13 comprises selecting the second tool as the
next tool destination for the processing material. 15.
The method of claim 14 comprises selecting the storage
location as a next destination if the second tool is
not available. 16. A method for manufacturing
automation comprising: issuing a transfer request by a
first tool to transfer a processing material which the
first tool has completed processing; determining
destination of the processing material by identifying
available tool destinations and determining priority
of the processing material for the available tool
destinations; transferring the processing material to
a second tool for processing by the second tool if the
second tool is available; and transferring the
processing material to a storage location if the
second tool is unavailable. 17. A manufacturing
automation system comprising: a plurality of bays
having a plurality of tool group; temporary storage
locations associated with the bays; a transport system
for transferring processing material; and an
automation controller for controlling the transfer of
processing material, wherein the automation controller
transfers the processing material when requested by a
first tool to a second tool if the second tool is
available or to one of the temporary storage
locations. 


