1 COMPUTER INTEGRATED MANUFACTURING TECHNIQUES GOVERNMENT RIGHTS IN THE
INVENTION This invention was made with United States Government support under Cooperative
Agreement No. 70NANB7H3043 awarded by NIST. The United States Government has certain rights
in the invention. FIELD OF THE INVENTION The present invention relates to techniques for computer
integrated manufacturing. BACKGROUND OF THE INVENTION A semiconductor device such as an
IC (integrated circuit) generally has electronic circuit elements such as transistors, diodes and
resistors fabricated integrally on a single body of semitonductor material. The various circuit elements
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metal oxide semiconductor transistor) wafer fab process 40 is schematically shown in FIG. 1,
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FIELD OF THE INVENTION

The present invention relates to techniques for computer integrated

manufacturing.
BACTKGRGUND OF THE INVENTION

A semiconductor device such as an IC (integrated circuit) generally has
electronic circuit elements such as transistors, diodes and resistofs fabricated
integrally on a single body of semiconductor material. The various circuit elements
are connected through conductive connectors to form a complete circuit which can
contain millions of individual circuit elements. Integrated circuits are typically
fabricated from semiconductor wafers in a process consisting of a sequence of
processing steps. This process, usually referred to as wafer fabrication or wafer fab,
includes such operations as oxidation, etch mask preparation, etching, material

deposition, planarization and cleaning.

A summary of an aluminum gate PMOS (p-channel metal oxide
semiconductor transistor) wafer fab process 40 is schematically shown in FIG. 1,
illustrating major processing steps 41 through 73, as described in W.R. Runyan et al.,

Semiconductor Integrated Circuit Processing Technology, Addison-Wesley Publ.

Comp. Inc., p.48, 1994. Each of these major processing steps typically include several

sub steps. For example, a major processing step such as metallization to provide an



aluminum layer by means of sputter deposition in a wafer fab chamber is disclosed in U.S. Pat. No.
5,108,570 (R.C. Wang, 1992). This sputter deposition process is schematically shown in sub steps 81
through-97 of process 80, see FIG. 2. FIGS. 1 and 2 show sequential wafer fab processes. It is also
known to utilize wafer fab sub systems which provide parallel processing steps. Such sub systems
typically include one or more cluster tools. A cluster tool as defined herein includes a system of
chambers and wafer handling equipment wherein wafers are processed in the cluster tool chambers
without leaving a controlled cluster tool environment sdch as vacuum. An example of a cluster tool is
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process, the lowerviminm. An example of a cluster tool is disclosed in U.S. Pat. No. 5,236,868 (J.
Nulman, 1993) which employs a vacuum apparatus having a central chamber and four
processing chambers. A wafer handling robot in the central chamber has access to the
interior of each the processing chambers in order to transfer wafers from the central
chamber into each of the chambers while keeping the wafers in a vacuum
environment. In one example, wafers in the ‘868 cluster are first transferred for
processing to a cleaning chamber, then to a PVD (physical vapor deposition)
chamber, followed by transfer to an anhealing chamber and subsequently to a
degassing chamber, thus utilizing a sequential process. It is also known to use cluster
tools such as those disclosed in the ‘868 patent to process wafers in chambers which
are used in parallel. For example, if a slow processing step is followed by a fast
processing step, three chambers can be used in parallel for the slow process while the

fourth chamber is used for the fast process.

Effective wafer inventory management is necessary for maintaining
inventories of unprocessed or partly processed wafers at a minimum and thereby
minimizing the unit cost of the semiconductor devices which are produced in the
wafer fab. Minimizing inventories of wafers in process also has a wafer yield benefit
because it is well known that the longer wafers are in the process, the lower their
yield. Wafer inventory management typically uses scheduling techniques to maximize
equipment capabilities in view of the demand for processed wafers, for example by

scheduling parallel and series processing steps to avoid processing bottlenecks. It is



yield. Wafer inventory management typically uses scheduling technigues to maximize equipment
capabilities in view of the demand for processed wafers, for example by scheduling parallel and series
processing steps to avoid processing bottlenecks. It is 3 well known to those of ordinary skill in the art
that in-process wafer inventory management is facilitated by in-process wafer tracking, such as
tracking wafer lots and wafer cassettes throughout a wafer fab. Effective inventory management of a
wafer fab also requires a low incidence of bottlenecks or interruptions due to unscheduled down times
which can for example be caused by unscheduled meﬁntenance, interruptions resulting from
processing parametars \Q(Jﬁ'ct% fe out j Ir specified limits, unavailability of required materials
such as a process gas,O unavaia%?ﬁtygg%gggga%lﬁné?nttéﬁa%%é{ Egﬁlg};gﬁgn sp\évr%%e{)ﬂﬂ‘ﬁ%wgfpébility of
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in order to achi Y igh rocessing reli bif.i reproducibility and to maximize yields.
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metrologies areqlﬁr%tegrate , IS ifficu trggga%%l{e%%e due grthgxgglrﬁ%?en%?y 5%%?%3%%%%(@8 ‘é&?%f many
of the wafer fabnptotmeses, sgerfopesasnplePorefvam FacdssiMicmehipdabrichithna3rdwdidMcGraw-
Hill, pp. 472 - 4{151’, -?{I@lﬂ{ﬁg{yri{}g S ms.such as a wafer fab are known to _utilize software
which provides ar(13 lél%ggcfmanu actu’ringae@%eaﬁ%)%sogcg?g%gé)%furﬁﬁ%na. S 3§|ra%7y?ap Wafer f&FSMES
should be integratediiebditye otiraswweferrfamamedente mpevmesnpatized wafevafiddbitianagement and
control. Howev%roiéggsmgllw%w&tgs thase gtordinary skill in the art that a commercial wafer fab
typically includes '

Many components or sub-systems of a wafer fab are automated in order to
achieve a high degree of processing reliability and reproducibility and to maximize
yields. Wafer fab tools such as chambers are typically controlled by a computer using
a set of instructions which are generally known as a recipe for operating the process
which is executed by the tool. However, it is recognized that a high degree of
automation wherein various processes and metrologies are integrated, is difficult to
achieve due to the complexity and inter dependency of many of the wafer fab

processes, see for example Peter van Zandt, Microchip Fabrication, 3™ ed., McGraw-

Hill, pp. 472 — 478, 1997. Manufacturing systems such as a wafer fab are known to
utilize software which provides an MES (manufacturing executions systems) function.
Desirably, a wafer fab MES should be integrated for an entire wafer fab in order to
achieve centralized wafer fab management and control. However, it is well known to
those of ordinary skill in the art that a commercial wafer fab typically includes
semiconductor processing tools from different equipment manufacturers, resulting in
tool compatibility difficulties when attempts are made to develop an integrated MES.
Another shortcoming of currently available wafer fab MES is the need for extensive
software programming for each process change in the wafer fab, such as is necessary
for changing a recipe, adding or replacing a tool, or changing the wafer fab to make a

different wafer product.

It 1s well known to those of ordinary skill in the art that the functions of



semiconductor processing tools from different equipment manufacturers, resulting in tool compatibility
difficulties when attempts are made to develop an integrated MES. Another shortcoming of currently
available wafer fab MES is the need for extensive software programming for each process change in
the wafer fab, such as is necessary for changing a recipe, adding or replacing a tool, or changing the
wafer fab to make a different wafer product. It is well known to those of ordinary skill in the art that the
functions of 4 semiconductor manufacturing equipment, including for example a wafer fah, can be
defined in basic equipment states such as the six statés schematically illustrated in FIG. 3, see SEMI
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104, scheduled downtime 106, engineering time 108, standby time 110 and productive

time 112. Non-scheduled time 102 represents the time period wherein the equipment
is not scheduled to be used, for example unworked shift. Unscheduled downtime 104
concerns time periods wherein the equipment is not in a condition to perform its
intended function, e.g. during equipment repair. Scheduled downtime 106 occurs
when the equipment is capable of performing its function but is not available to do
this, such as process setup or preventive maintenance. Engineering time 108 concerns
the time period wherein the equipment is operated to conduct engineering tests, for
example equipment evaluation. Standby time 110 is a time period wherein the
equipment is not operated even though it is in a condition to perform its intended
function and is capable of performing its function, for example no operator is
available or there is no input from the relevant information systems. Productive state
112 represents the time period wherein the equipment is performing its intended

function, such as regular production and rework.

Total time period 114, see FIG. 3, is the total time during the period being
measured; this includes the six equipment states 102, 104, 106, 108, 110 and 112.
Operations time 116 concerns the total time period of states 104, 106, 108, 110 and
112. Operations time 116 includes equipment downtime 118 consisting of states 104
and 106, and equipment uptime 120. Equipment uptime 120 includes engineering
time 108 and manufacturing time 122 which consists of standby time 110 and

productive time 112.



equipment is not operated even though it is in a condition to perform its intended function and is
capable of performing its function, for example no operator is available or there is no input from the
relevant information systems. Productive state 112 represents the time period wherein the equipment
is performing its intended function, such as regular production and rework. Total time period 114, see
FIG. 3, is the total time during the period being measured; this includes the six equipment states 102,
104, 106, 108, 110 and 112. Operations time 116 concerns the total time period of states 104, 106,
108, 110 and 112. Operations time 116 includes equiﬁment downtime 118 consisting of states 104
and 106, and equipme time 120..Equi nt uptime, 120.includes engjneering time 108 and
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time 142, changing consumables/chemicals 144, out of specification input 146 or
facilities related downtime 148. Scheduled downtime 106 concerns downtime for
maintenance delay 150, production test 152, preventive maintenance 154, changing

consumables/chemicals 156, setup 158 or facilities related 159.

Equipment uptime 120, depicted in FIG. 5, consists of engineering time 108
and manufacturing time 122. Engineering time 108 includes process experiments 160
and equipment experiments 162. Manufacturing time 110 consists of standby time
110 and productive time 112. Standby time 110 includes time during which there is
no operator 180, no product 182, no support tool 184 or when an associated cluster
module is down 186. Productive time 112 concerns a time period during which there
is regular production 190, work for a third party 192, rework 194 or an engineering
run 196. The various equipment states as described in connection with FIGS. 3 — 5
provide a basis for communicating and evaluating RAM related equipment
information in the semiconductor industry. RAM related equipment information
includes topics which are well known to those of ordinary skill in the art such as:
equipment reliability, equipment availability, equipment maintainability and
equipment utilization, see for example SEMI E10-96 at pp. 6-11. Generally, MES
functions can be employed to keep track of information regarding equipment states in

manufacturing systems such as a wafer fab.



Equipment uptime 120, depicted in FIG. 5, consists of engineering time 108 and manufacturing time
122. Engineering time 108 includes process experiments 160 and equipment experiments 162.
Manufacturing time 110 consists of standby time 110 and productive time 112. Standby time 110
includes time during which there is no operator 180, no product 182, no support tool 184 or when an
associated cluster module is down 186. Productive time 112 concerns a time period during which
there is regular production 190, work for a third party 192, rework 194 or an engineering run 196. The
various equipment states as described in connection with FIGS. 3 -5 provide a basis for
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preceding processing steps. For
typically 1s highly dependent on one or more preceding processing steps. For
example, if there is an error in the overlay or alignment of etch masks for
interconnects in adjacent IC layers, the resulting interconnects are not in their proper
design location. This can result in interconnects which are packed too closely,
forming electrical short defects between these interconnects. It is also well known that
two different processing problems can have a cumulative effect. For example, a
misalignment of interconnect etch masks which is not extensive enough to result in an
electrical short, can still contribute to causing an electrical short if the probess is
slightly out of specification for allowing (or not detecting) particulate contamination

having a particle size which would not have caused an electrical short if the

interconnect masks had been in good alignment.

Processing and/or materials defects such as described above generally cause a
reduced wafer fab yield, wherein the yield is defined as the percentage of acceptable
wafers that are produced in a particular fab. In-process tests and monitoring of
processing parameters are utilized to determine whether a given in-process product or
process problem or defect indicates that intervention in the process run is necessary,
such as making a processing adjustment or aborting the run. Consequently, product
and process control techniques are used extensively throughout a wafer fab. When
possible, yield problems are traced back to specific product or processing problems or
defects to ultimately improve the yield of the wafer fab. High yields are desirable for

minimizing manufacturing costs for each processed wafer and to maximize the



example, if there is an error in the overlay or alignment of etch masks for interconnects in adjacent IC
layers, the resulting interconnects are not in their proper design location. This can result in
interconnects which are packed too closely, forming electrical short defects between these
interconnects. It is also well known that two different processing problems can have a cumulative
effect. For example, a misalignment of interconnect etch masks which is not extensive enough to
result in an electrical short, can still contribute to causing an electrical short if the process is slightly
out of specification for allowing (or not detecting) partléulate contamination having a particle size
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art, a control chart is a graphical display of one or more selected process or product

variables, such as chamber pressure, which are sampled over time. The target value of
a particular variable and its upper and lower control limits are designated on the chart,
using well known statistical sampling and computation methods. The process is
decmed out of control when the observed value of the variable, or a statistically
derived value such as the average of several observed values, is outside the previously
determined control limits. Control limits are typically set at a multiple of the standard
deviation of the mean of the target value, such as for example 26 or 3c. The target
value is derived from a test run or a production run which meets such wafer fab
design criteria as yield, process control and product quality. SPC and SQC are

considered synonymous when used in the above context, see R. Zorich at p. 464.

Accordingly, a need exists for methods and techniques which provide
improved computer implemented integration of semiconductor manufacturing
techniques in order to optimize process control, quality, yield and cost reduction.
Also, there is a need for centralized wafer fab management and control through a
computer integrated manufacturing system which facilitates processing or equipment

changes without extensive software programming.



Integrated Circuit Manufacturing, Academic Press Inc., pp. 464-498, 1991. SPC and SQC
methodologies suitable for a wafer fab include the use of control charts, see for example R. Zorich at
pp. 475-498. As is well known to those of ordinary skill in the art, a control chart is a graphical display
of one or more selected process or product variables, such as chamber pressure, which are sampled
over time. The target value of a particular variable and its upper and lower control limits are
designated on the chart, using well known statistical sa$npling and computation methods. The process

is deemed out of control when the obser\giﬂgx (t&e 3‘% %ﬂé tistically derived value such
as the average of several observed values,’| ide efﬁg S@y mined control limits. Control
limits are typically set at a multiple of the standard deviation of the mean of the target value, such as
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manufacturing techniques in order to optimize process control, quality, yield and cost reduction. Also,

there is a need TOPERSTRAZEIVGARBP A MY Eihent and control through a computer integrated

manufacturing system which facilitates processing or equipment changes without extensive software
programming. 8 SUMMARY OF TE‘FERINVENTLON Embo%iments ofxggﬁ,entiiﬂ%/ﬁe Fon réOVide novel
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structures suchaspamicanglcienwafefsctdiiesatovaidacheieseprokidentbthadedetpiisprgvements
In computer '”t%gr té%?ling, installing and administrating lifecycle activity framework components;
b) defining factory modeling lifecycle activity framework components; and
¢) defining manufacturing controlling, monitoring and tracking lifecycle activity

framework components.

In one embodiment of the present invention a novel factory automation
lifecycle is provided which includes SW for lifecycle activities for developing and
integrating, installing and administrating, factory modeling, manufacturing planning,
manufacturing controlling, monitoring and trackihg, and lifecycle activities for
analyzing manufacturing results. Output from an analyzing manufacturing results
lifecycle activity can provide an input to other lifecycle activities, such as the factory
modeling lifecycle activity. Framework components are associated with various

lifecycle activities.

Disclosed herein is a method for managing a processing system which
includes utilizing framework software components, application software components
and software building blocks. The application components provide instructions for
managing the system while the framework components are employed to manage the
application components. The building blocks are adapted for forming or modifying
framework and application components. A factory automation lifecycle includes the

framework components.



In an aspect of the present invention, there is provided a method for defining a computer implemented
factory automation lifecycle, the method comprising: a) Defining, installing and administrating lifecycle
activity framework components; b) defining factory modeling lifecycle activity framework components;
and c) defining manufacturing controlling, monitoring and tracking lifecycle activity framework
components. In one embodiment of the present invention a novel factory automation lifecycle is
provided which includes SW for tifecycle activities for dgﬁyeloping and integrating, installing and
administrating, factory modeling, manufacturing planning, manufacturing controlling, monitoring and
tracking, and lifecycle activities for analyzing manufacturing results. Output from an analyzing
manufacturing rﬁs%}%élfe@&'.e iﬁ%%f%%%i%%%ﬁ” fE‘p%é%FQEr l!?“*c e@f&éﬁ'?‘%?etﬁ]ﬂfﬁh fs the
factory modeling litecycle activity. Framework components are associated with various lifecycle
activities. Discloswdnhersirtdsinstnethoasfoe mesagiing derbcessing sysitam Whickodhclidgrsiintizing
framework softvgte cmponshls;-aerlisalpRRafiLers compPaga's A spltuaihuilding hlgeks. The
application components provide instructions for managing the system while the framework
components aredanisioyasitehrandgenanagippiibatvsiaorepobentedifisd buidingibbékeare adapted
for farthing or modifying framework and application components. A factory automation lifecycle
includes the framework components, 8a A nove] tool integration component is employed bg the novel
method to communicatdSHSFEELTE b BroteB§igtobis A syteth iR %owhfélijré%‘&ﬁ s
component comyyisesiaitgotistefasa pragramantrdaohintegrapictueompdneam adapiaig Ifsructions
for managing the system can be mfodified lfy intp tting data. L

process by means of a novel distributed factory system framework which includes

framework components, application components and SW



Disclosed herein is a method for processing a product which includes determining the specifications
for processing the product and then managing the process by means of a novel distributed factory
system framework which includes framework components, application components and SW 9
building blocks. The novel distributed factory system can be modified, if necessary, by inputting data.
Computer implemented instructions for managing areSformed by application components. These
instructions are communicated to the process for manufacturing a product, for example by utilizing a

tool integration ReHpunBlecksnd hinseviekidisd brsat drcintp| shittetrih thadEsss ifdieessiiple for
fabricating integraigd airgHiaruciigrnLisclprashriein de-aMeth ok farstartingAwaialdapyun

includes determining the sequence of processing steps and subsequently forming a workflow defining
this sequence MRRIGRIRD WORKIRGESMPUTTE NP RS af i ofRIRIEHABENEN S RIRRIEITH a novel

distributed facteRyRyatentHamprsatiComRIsng i anawRrin CarmprAneRis At apRlsatRN. camponents.
A request is then made to the visual workflow, component to start the run by means of a work in

progress manaSHEACRSABoriBAR ol PP cIdsdbeh SarTIS afPApPsakIE idPrJoitdivEuding

product processipg:re@dipinent seueginigal processing unit, a link for operably linking the processing
equipment to the central processing unit, a memory for storing digitally coded data structures, and
data structures comprising a novel factory automation lifecycle. The present embodiment also

provides for data struchitgk iaglueisie applieatiann cenpanenisvaiier el ding KOsk ANPORRIMS.
Disclosed herein is a distributed factory system framework is provided for mapagi rocessing
system, inclucitl CERIRATY SbBE el 8 aRARLgHpseauent! Torming & workliow définng s

sequence in a visual workflow component. The visual workflow component is
included in a novel distributed factory system framework comprising framework
components and application components. A request is then made to the visual
workflow component to start the run by means of a work in progress management

component or a GUIL

Disclosed herein is an apparatus is provided including product processing
equipment, a central processing unit, a link for operably linking the processing
equipment to the central processing unit, a memory for storing digitally coded data
structures, and data structures comprising a novel factory automation lifecycle. The
present embodiment also provides for data structures including application

components and building block components.

Disclosed herein is a distributed factory system framework is provided for
managing a processing system, including a digitally coded first data structure
comprising framework components, a second data structure including application
components and a link for communicating digitally coded instructions to the

processing system.

Disclosed herein is an apparatus comprising processing equipment and a

novel distributed factory system framework for managing a processing system.



comprising framework components, a. second data structure including application components and a
link for communicating digitally coded instructions to the processing system. Disclosed herein is an
apparatus comprising processing equipment and a novel distributed factory system framework for
managing a processing system. 10 Disclosed herein are data storage devices comprising data
structures such as novel factory automation lifecycle &ttivity data structures, framework component
data structures, application component data structures and building block data structures, BRIEF
DESCRIPTION OF THE DRAWINGS FIG. 1 is. a flowchart schematically illustrating a prior art wafer

fab process. FIG. 2 ignsiowahag-seharaticaliviystainga poaipadinaten{a-souiiey smgtallization
process. FIG. 3 is a stack chart schematlcallylllustratln prior art equipment time states. FIG. 4 is a

block diagram SEEh{atioalIeaien JHEF Hreetipimettainte csesesT B atTRomRATIMisisted in

FIG. 3. FIG. 5 igia black digaramschampiicalyshonirauptionrrbeuirmeptiintga siaieRisthe stack
chart illustrated in FIG. 3. FIG. 6 is a block diagram schematically illustrating a factory automation

lifecycle ofthe present invention. FIG. 7 is a. schematic diagram illustrating interactions between

framework components of the prgrepFimErtRP FIGN s aEfopRAFINRmSSchematically illustrating
component servers of the present invention. FIG. 9 is a block diagram schematically illustrating a tool

integration component of the present invention.
FIG. 1 is.a flowchart schematically illustrating a prior art wafer fab process.

FIG. 2 is a flowchart schematically illustrating a prior art wafer fab sputter
metallization process.

FIG. 3 is a stack chart schematically illustrating prior art equipment time states.

FIG. 4 is a block diagram schematically showing prior art equipment time
states of the stack chart illustrated in FIG. 3.

FIG. 5 is a block diagram schematically showing prior art equipment time
states of the stack chart illustrated in FIG. 3.

FIG. 6 is a block diagram schematically illustrating a factory automation
lifecycle of the present invention.

FIG. 7 is a schematic diagram illustrating interactions between framework
components of the present invention.

FIG. 8 is a block diagram schematically illustrating component servers of the
present invention.

FIG. 9 is a block diagram schematically illustrating a tool integration
component of the present invention.

FIG. 10 is a schematic diagram illustrating a sequence of messages from a

visual workflow component to a tool interface program of the present invention.



FIG. 10 is a schematic diagram illustrating a sequence of messages from a visual workflow
component to a. tool interface program of the present invention. 11 DETAILED DESCRIPTION OF
THE INVENTION While describing the invention and its embodiments, certain terminology will be
utilized for the sake of clarity. It is intended that such terminology includes the recited embodiments as
well as all equivalents. In one embodiment of the invention a DFS/F (distributed factory system
framework) SW (software) environment is provided to automate, integrate and coordinate factory MES
(manufacturing execution system(s)) comprising equiprent steps, decision steps and data steps

which can be presentin a pr06§§§iﬁgg@ﬁfﬁ{f§&ﬁ%ﬂﬁﬁeﬁ0@@Wﬂsﬁﬁd“ty such as a wafer
uchas

fab for processing or fabricating semiconductor structures, s integrated circuit) structures.
The expression "FW" (framework) as defined herein, includes a collection of linked SW structures,

components or classe t provide. a functionality or a.set of services, The_ expression "MES' as
defined herein, include%s’&g?é%fi[gts:%%%l% %Eg‘é?gusé{?u%?grgg g}%g alrr%?llbtsprcggteaé%iﬁeénrlé g?@@%égﬂg,
managing and/drecotitrodtinfpmiink sakeroresstandt fadilitatitg thetusebfteesonsbes; sudods whaterials,

equipment, information istorical 0 execution of processing/ manufacturing/fabrication
tasks, optionall;l/gikn%%% %ggtggjﬁﬁ%{%%%d‘%%f%%éﬁe %\éa g%&%é. The expression "IC structures” as defined

_herein, includes completely formed ICs _and partially formed ICs. II_)FS/F of the present invention
fo ntegrated factory Atob et A ML EAC 90 entatieh T re it e g aktiging or
controlling variofremearnrfaciVing sefarett hspoatenohenprocessindgdnanudatioritg dantéghrieatiing
system or faCi”thgﬁgﬁ?QE{ {%{B}Q%éé%&%{{}?&ﬁh@h8,%&%&8&‘35;5 eamn(s)) comprising equipment
steps, decision steps and data steps which can be present in a processing,
manufacturing or fabricating system or facility such as a wafer fab for processing or
fabricating semiconductor structures, such as IC (integrated circuit) structures. The
expression “FW” (framework) as defined herein, includes a collection of linked SW
structures, components or classes that provide a functionality or a set of services. The
expression “MES” as defined herein, includes a collection of SW data structures for
starting processing related tasks, managing and/or controlling work in progress and
facilitating the use of resources, such as materials, equipment, information and
historical data for the execution of processing/ manufacturing/fabrication tasks,

optionally including testing and data gathering tasks. The expression “IC structures”

as defined herein, includes completely formed ICs and partially formed ICs.

DFS/F of the present invention includes a novel FALC (factory automation
lifecycle) 200, shown in FIG. 6, to form an overall structure for integrated factory
automation MES. FALC 200 is adapted for integrating, automating, managing or
controlling various manufacturing related aspects of a processing, manufacturing or
fabricating system or facility, thereby forming a factory model. These aspects can
include wafer fab related equipment, such as wafer fab tools, methods such as wafer
fab processing procedures, materials such as wafer fab process gases, inventory
control, such as in-process wafer inventory control, work in process status
determinations, evaluating in-process test data, monitoring equipment functions and

quality management features, such as SPC (statistical process control). The novel



include wafer fab related equipment, such as wafer fab tools, methods such as wafer fab processing
procedures, materials such as wafer fab process gases, inventory control, such as in-process wafer
inventory control, work in process status determinations, evaluating in-process test data, monitoring
equipment functions and quality management features, such as SPC (statistical process control). The
novel 12 lifecycle additionally facilitates the integration of tools, equipment or software from different
tool, equipment or software suppliers to provide a. coordinated manufacturing or fabricating facility
wherein several tools are integrated. Novel FALC 200,'depicted in FIG. 6, includes an SW developing

and integrating Jifecycle activit 0,.an.installing. and administrating lifecycle activity 220, a factory
1%0%’{516: ﬁgg ?éa aﬁ%&&ﬁﬁ%n@%f&ﬁ?ﬁ%lﬂf&? RO cERpDED! armaRnmrediony

modeling Iifecyc‘e activity
controlling, monidfergnandoishckengilitaeyclecactsstywahd angpeanalyzipeefdpanufagisrineigsults

lifecycle activity 260. As schematically shown.in FIG. 6, selected output from analyzing of
manufacturing r&aﬂ?ﬁﬁtél e ri%%{}fét%&%éh%r‘g A& PO THRIB D e MRS activities of the

lifecycle, such as SW developing and integrating lifecycle activity 210, factory modeling lifecycle
activity 230 and manufacturjn é%i?l(;un' lifecycle activi é40. The output and input interactions
between these Iifecyclgégﬁvit? |Il}t')a§ ’dé%éﬁg“é‘h it) detdfiirdSSnictdh WrKElAR BB stifbtion of
lifecycle activity id6@faimniifyzindchetinianoiastufingsieRils. shhenaine s iiagy sR AclivitiegehFALC
200 of the prese&toin\éefti n Comﬂ’/%riﬁﬁ%ii\f/' H@rdware Q% equipment or.assemblies are needed to
support, operaté oF Gtifizethe B Wi Privia SN Qroﬁéﬁﬁpﬁf%&%lﬁm}@akfﬁﬁﬁ% of
FALC 200. Theabildify 280, softwiangairtotisie 8 dntoSNec anapaneins ald e M compeneRtacdefine
common systen}% fa%ﬁt%yaggﬁr%'g I;l)fl’ Iur{ggu Qc(%u%er{é/ I?e%%l%snﬂfleggglg E%t?vrﬂgl%gq As schematically
shown in FIG. 6, selected output from analyzing of manufacturing results lifecycle
activity 260 can provide feedback to other lifecycle activities of the lifecycle, such as
SW developing and integrating lifecycle activity 210, factory modeling lifecycle
activity 230 and manufacturing planning lifecycle activity 240. The output and input
interactions between these lifecycle activities will be described in more detail in

connection with the description of lifecycle activity 260 for analyzing the

manufacturing results.

The various lifecycle activities of FALC 200 of the present invention comprise
SW. Hardware parts, equipment or assemblies are needed to support, operate or
utilize the SW, which provides the functionality of the six lifecycle activities of FALC
200. The FALC 200 software includes FW SW components. The FW components
define common system or factory operation rules and services and they are employed
to provide services to application SW components which manage/control processing
functions or systems, for example factories including fabricating facilities and various
combinations of wafer fab tools, through interaction with the control system of
processing equipment, such as on-board wafer fab tool controllers. Application
components are adapted to meet the specific requirements of the process and the
processing equipment, such as a wafer fab recipe. In other words, repeat processing
runs of the same type of product in the same equipment using the same processing
conditions does not require a modiﬁcatidn in the application components. However, a

change in materials, products, equipment or processing conditions typically requires



to provide services to application SW components which manage/control processing functions or
systems, for example factories including fabricating facilities and various combinations of wafer fab
tools, through interaction with the control system of processing equipment, such as on-board wafer
fab tool controllers. Application components are adapted to meet the specific requirements of the
process and the processing equipment, such as a wafer fah recipe. In other words, repeat processing
runs of the same type of product in the same equipment using the same processing conditions does
not require a modification in the application component$. However, a change in materials, products,
equipment or prl%%%%sin concfiittiﬁ)gst gig?llé/nre uires 13 mgg%ication of the datg, of one or more

0 L iS5 r8RRSHNG L SHESAFEGUITES £ REpBNding

application componerlff%. For example, a ¢ aﬁge in‘a pro
change in one athaygre iapplicatissityropatidots riegaitker docpraspentlingcbangediinsndcipnsoie the
equipment. FWacomcggge%%Proa/eigg }he servjces wh'ch[ enable a user to modify one or more
application companents to mateh nover B {88 Hew B?oc OEH EERHSASGPH'S AR material
or tool. A novel FAL Gyspaieas pidvGI208e canvieadeattd doabbwa preeassingdionditions, maerials or
equipment through.data input, provided the,k adaptafi g not require a change {o.a processing
system which isagggg%éﬁﬁa%mé)l Srent. lfg?tgila{lr(g‘éaé&% %e\f? Eofe P SETETRIED ‘i’é’ﬁ’(?noﬁéﬁwﬁonents
of a wafer fab Feifif€Ceist diffemeait draothd Suvddaelof thecbossaspbaddng campenehisaf & hékC for a
batch manufacturing process qQf a pharm celiléical product. %p%iﬁaﬂ n é:omponents of the novel

conditions, materia S ﬂﬁoﬁaﬁtp@{% gd, the

TOCESSI I eqUIPME;
DFS/F communicats with equipment such as indiviGUEPRSTEr
interfaces as wilidaptdescrives noreduilein changction witbccbiG gtepintegraidhnicempengiatly FW and
application SW elements.are referred.to ompanents because they are separate SW entities, each
ot S USSR PR e e TR AR e
FALC is different from the SW code of the corresponding components of a FALC for
a batch manufacturing process of a pharmaceutical product. Application components
of the novel DFS/F communicate with equipment such as individual wafer fab tools
through protocols and interfaces as will be described more fully in connection with

TIC (tool integration component).

FW and application SW elements are referred to as components because they
are separate SW entities, each with its own database, server, and standard GUI. The
components inter-operate through a public set of communication standards such as
DCOM (MICROSOFT® - Microsoft is a registered trademark of Microsoft
Corporation, Redmond, Washington- distribute common object model) APIs
(application programming interface) or CORBA (common object request broker
architecture). SW common building blocks are provided in DFS/F to facilitate the
creation of new FW and application components and to modify existing FW and
application components. These building blocks typically include GUI (graphical user
interface), server and DB (database) elements. Typically, DFS/F and FALC 200
components and SW building blocks are processed by one or more central processing
units for data processing or one or more computers. Central processing units and
computers which are suitable for the embodiments of the present invention are well

known to those of ordinary skill in the art.



components inter-operate through a public set of communication standards such as DCOM
(MICROSOFT(r) - Microsoft is a registered trademark of Microsoft Corporation, Redmond,
Washington- distribute common object model) APIs (application programming interface) or CORBA
(common object request broker architecture). SW common building blocks are provided in DFS/F to
facilitate the creation of new FW and application components and to modify existing FW and
application components. These building blocks typically include GUI (graphical user interface), server
and DB (database) elements. Typically, DFS/F and F tCc 200 components and SW building blocks

are processed by one g more central processin it ta pr sjng or one or more computers.
Central processing uni?slhgr%x élo%% lcj}t%ré}sc‘\[}vﬁ?(lz%s z;%rfeltgé%fgl%&%r %@%éﬁﬁ%@ﬁ’é‘; o%gg)%?é@é‘ﬁt
invention are welinkfiomsn fWhaseabmirginangd skitbizratingarifded ckhensix fife Q/de iactiditjesdofRALC
200, see FIG. 6 include the following functipns. SW deyeloping and integrating lifecycle activity 210 is
adapted for de |r#§61%gc%ﬁ?rrﬁl%orsltr%%ﬁ}gef§) R 8?)1/”}'08}%%%@ aarI?ga ESW%rFs%?sgé’S‘FHf%M%%EfSre
simplifies the fosmatidiesf BfeS/FocmatjsiianbépiESHBns:ompliadiing amsliadiorsistiatinglifecysig activity
220 installs MES

e e e S R e
applications.  Lifegistte thetbvippisififials timoMidSsipphoatntrolsithehediiRGie oamisiigp teididastory's
NS, el RSB DU RO IR SR, .,
model in multipleifecynitactirity Zlatedsapplicationss akdr exarfslethih esaftvadeciompfigimewhproduct
typically requires, G03PORRR KHHRIB AR/ AU SHE L3RBT UES RISGHGHILP AP (work in
common security service. Factory modeling lifecycle activity 230 is adapted for
coordinating the formation of a consistent factory model in multiple manufacturing
related applications. For example, the introduction of a new product typically requires
changes in multiple applications, such as adding the product in both a WIP (work in
progress) application and in a planning application. Lifecycle activity 230 is also
adapted for defining the manner in which multiple applications will work together, for
gxample defining how a WIP application and an equipment application can operate
together to ensure that the correct equipment is used to manufacture a given product.
SW of factory modeling lifecycle activity 230 is adapted for planning, controlling and
tracking the manufacturing once a model of the factory’s MES functions has been

built by using factory modeling related SW.

Manufacturing planning lifecycle activity 240, depicted in FIG. 6, gathers
status information from multiple applications in order to provide a planning
application component. Additionally, lifecycle activity 240 develops and distributes
manufacturing plans/schedules to the application components which manage the
factory resources. Manufacturing controlling, monitoring and tracking lifecycle
activity 250 is provided to coordinate the functioning of manufacturing application
components in the execution of the manufacturing plan/schedule, to produce products
according to the steps which are defined in the factory model. Analyzing
manufacturing results lifecycle activity 260 is adapted for combining information

from application components for analysis. It correlates data in different application



progress) application and in a planning application. Lifecycle activity 230 is also adapted for defining
the manner in which multiple applications will work together, for example defining how a WIP
application and an equipment application can operate together to ensure that the correct equipment is
used to manufacture a given product. SW of factory modeling lifecycle activity 230 is adapted for
planning, controlling and tracking the manufacturing once a model of the factory's MES functions has
been built by using factory modeling related SW. Manufacturing planning lifecycle activity 240,
depicted in FIG. 6, gathers status information from mdﬁiple applications in order to provide a planning
application compgopent. dii Jif e activity 240 develops and distributes manufacturing
plans/schedules to %e g%%li?ﬁtﬁu%g}ﬁ%%r%ﬁigw el%{ ersﬁa(%gacgsthgél d?a{ngPﬁl (r{gs%)u?ggg?ﬁagﬁﬁ%turing
controlling, monitorirtgy alid stréickingliifecyiolidy astividpB0 ifprovidpartascaotdihapecthefisnctigeing of
_manufacturing jcati tsin t xecution of the manufacturing plan/schedule, to
produce produc SB%%%%% ?n%g)(frggt)ﬁg %?elgé} W ?8% ger%e eaﬁlnlé%aﬁn%t%g At (S)rrf/erengog e@ﬂﬁ%ﬁ/ﬁ%m to
manufacturing réiltddifdepoig aoivitytegetisadeptadiéoncovityirdng,intatmatiordeting apflisation
components fora% ySi C t in different application 15 co ents for data analysis
and defines, dete?t%w 5n%3r5e’s%%(r)&n%s%%§§é%i |<§1% c (%?)r/m (la%plil s E:?s ﬁ?g(‘:])l/{é';%%ti\‘/[i%/ fﬁr‘ggébﬁidnfor
comparing actudllorogiucidbaglitiogparfned prisdydtoranidyirficatndevhdifeydpdatadtpamismneeded
through inputs t N2 Q eloping. integrating lifecygle activity 210, factory, modeling lifecycle
activity 230, an(?{or \r(#an%t?aggﬁ%%gr’{gﬁ% %e%%(l:?év %c?#\ﬁ?ygffé . ASTH u[s?ggg (—:-ééalna %t}% ,B'one(&%ack
loops from lifecyldiecditvityi26p 2dHewedifst i s acitpitiescioin2 FAlhiROR édbaliatlonylifesyas:follows.
Feedback from Jifacycle astivity 2 Ij I ivity: 210 forms. a SW dev ing_cycle 270 while
feedback from I|fecyc§$(Ja Q}QCIQ a&?@@ %@C%¥ét¥1868 a mogeﬂng cycle %Q(B) lgn gxecutlng
cycle 290 is formed in the feedback loop from lifecycle activity 260 to lifecycle

activity 240. While the six lifecycle activities of novel FALC 200 have been depicted
and described in a sequential manner, it will be understood that the SW associated
with each of these lifecycle activities typically proceeds concurrently with one or

more of the other lifecycle activities.

FALC 200 of the present invention described above is one facet of novel
DFS/F. Two other facets of DFS/F are defined as: system layers and N tiers. The
system layers aspect of novel DFS/F is described in Table I.

Table 1
DES/F System Lavers

1. Base technology:

This includes the basic technology building blocks for DFS/F such as
messaging, graphical user interface (GUI) construction, use of for example
MTS (Microsoft transaction manager) for server construction, and mapping

objects to a relational database for persistence.

2. Common building blocks:



activity 260 to lifecycle activity 280 provides a modeling cycle 280. An executing cycle 290 is formed
in the feedback loop from lifecycle activity 260 to lifecycle activity 240. While the six lifecycle activities
of novel FALC 200 have been depicted and described in a sequential manner, it will be understood
that the SW associated with each of these lifecycle activities typically proceeds concurrently with one
or more of the other lifecycle activities. FALC 200 of the present invention described above is one
facet of novel DFS/F. Two other facets of DFS/F are defined as: system layers and N tiers. The
system layers aspect of novel DFS/F is described in Thble I. Table | DFS/F System Lam 1. Base

technology: This includﬂﬁstlﬁ?cgﬁ%i&%%qlq%l# %iggsk{lggrlga g%%F%/ﬁlfbgge%h aer{(T)II%ﬁsaging,
|

graphical user interface (GUI) construction, use of for example CrOSoft Transadtion manager)
for server constructionhistainiagpsilagsibbpsis sohemaatibypEtaataasenfoniiénseshbouia. s2e Gasamon
building blocks: 16 This i items such as user-defined attributes, versioning, history
and classification sche%gws%#%g[?ggﬁg;%‘én%?buiIding blocks are listed and described in Table II. 3.
Framework components: FW components manage the overall operation of the factory system through
the process of buildingsa f Wgﬁn{ﬁ&q‘%{ c;turing products according to the model, and then
assessing the outcome to determine the heed for improvements. FALC 200 includes these
components. Typical F{W components manage the overall operation of the factory system through

the process of building a factory model, manufacturing products according to
the model, and then assessing the outcome to determine the need for
improvements. FALC 200 includes these components. Typical FW

components are listed and described in Table III.

4. Application components:

These components comprise factory resource management functionality, such
as material management, equipinent management and tool integration such as
VFEI (virtual factory equipment interface) level communications with tools.

Typical application components are listed and described in Table IV.

The common building blocks of the novel DFS/F are typically utilized to form

or modify FW and application components. Representative building blocks are shown
in Table IL

Table 11

Common Building Blocks

1. Server construction building block which includes interfacing between
server API (application programming interface) and factory object

instantiation (construction of an object instance).

2. Persistence building block for generating object to SQL/ODBC (structure

query language/open DB connection) mapping.



components are listed and described in Table Ill. 4. Application components: These components
comprise factory resource management functionality, such as material management, equip .er.t
management and tool integration such as VFEI (virtual factory equipment interface) level
communications with tools. Typical application components are listed and described in Table IV. The
common building blocks of the novel DFS/F are typically utilized to form or modify FW and application
components. Representative building blocks are shown in Table II. Table II Common Building Blocks
1. Server construction building block which includes m%rfacmg between server API (appllcatlon

programming interfac tﬂ%@ﬁtorg ob ect rﬂﬁtant%&c{ tru llon of an object stanc
Wle)5) %Eh DB

Persistence building block for genera ng object to ruc ure ﬁ’uery angua

connection) mapping. 17 ®rm58/ﬁnﬁmnmt@umnmﬁmmﬁmdmg block to provide the common
controls for the construction of the GUIs. 4. Publish and subscribe messaging building block for publish
subscribe messaging, which differs from synchronous DCOM messaging. 5. Dynamic API discovery
building block used by4\WPcbiispomehtsulmscdise ovessgiuic dsiidingd ddobl Iﬁcﬁfsplﬁhimhnmmbeﬂﬁb%
Associations building block to conne\c}vthle é:ﬁe%lg@ss DF Fo%(())m W epresentative uses
include linking modeling da data toanswer “where use Lestons and fin mgf\ﬁ Execution
information, such as quality data, to

5. Dynamic API discovery building block used by FW components to

discover services provided by DFS/F components.

6. Associations building block to connect objects across DFS/F components.
Representative uses include linking modeling data to answer “where used”
questions and linking MES execution information, such as quality data, to

equipment history.

7. History building block to provide a common service to store and retrieve

the history of factory events.

8. Generic service executor building block to execute the different types of
DFS/F services including: (1) synchronous services, (2) long running
services which are implemented through a completion callback protocol
and (3) GUI based services that are implemented through a link between

other services and a target computer desktop.

9. Classifications building block which provides a common service to

classify factory objects for queries and analysis.

10. Customer defined attributes building block for extending the DFS/F
component based object models. DFS/F typically provides user extensible
attribute models which support expansion of the model based on the user’s

needs.



equipment history. 7. History building block to provide a common service to store and retrieve the
history of factory events. 8. Generic service executor building block to execute the different types of
DFS/F services including: (1) synchronous services, (2) long running services which are implemented
through a completion callback protocol and (3) GUI based services that are implemented through a
link between other services and a target computer desktop. 9. Classifications building block which
provides a common service to classify factory objects for queries and analysis. 10. Customer defined
attributes building block for extending the DFS/F comlpgonent based object models. DFS/F typically

provides user extensi ri odels which support expansion of the model ed on the user's
needs. 18 11. State ﬂgdgg‘%uﬁgfr%sb ggkd%r%%igg%pgl (s;'ieur@\eceat%eavelﬁﬁetoaﬁ%rfn ee%n§§§%]té)%‘f53[§ models,
such as tracking states fostetpuipndeiy, snabesialtamokliEg bisteefiginephimgahangecnatice)l Actate model

building block can be defined .such that it tracks unplanned downti f the various ch ers of a
cluster tool. 12. Namespa %1%15% %%? ca]harkgae |§C€) R mo\q& bl Wit gloéﬁ% ‘%ea?l?t?%

bloc nes’management areas within els. 13.
Schedule/datebook buildisgchlcdbkttat supgksrusphethedin g amatmoe tfetheapabidily fedaehsfagtary object
to have a datebook showimg‘%&%eolevents and history enhancements to indicate how a particular
schedule was followed. ) .

12. Namespace building block defines management areas within DFS/F data

models.

13. Schedule/datebook building block to support scheduling and add the
capability for each factory object to have a datebook showing future events
and history enhancements to indicate how a particular schedule was

followed.

14. Templates building block provides services to define base definitions that
can be shared among factory objects. For example, this building block can

be used to define common characteristics for all memory products.

15. Versioned objects building block includes services to manage and track
changes in factory model objects over time, e.g. for example managing and

tracking changes in the definition of a particular product over time.

16. Navigation building block to view the relationship between factory objects

such as a material lot history.

FW components utilized in novel FALC 200 define common rules and
services which are utilized by application components, see Table IV, through steps in

the FALC 200. Examples of suitable FW components are provided in table II1.



14. Templates building block provides services to define base definitions that can be shared among
factory objects. For example, this building block can be used to define common characteristics for all
memory products. 15. Versioned objects building block includes services to manage and track
changes in factory model objects over time, e.g. for example managing and tracking changes in the
definition of a particular product over time. 16. Navigation building block to view the relationship
between factory objects such as a material lot history. FW components utilized in novel FALC 200
define common rules and services which are utilized t}ff) application components, see Table IV,
through steps in the FALC 200. Examples of suitabﬁﬁg%ﬁomponents are provided in table I1l. 19
Table Ill Framework Com onents 1. SC (security component) provides basic security having 3 security
modes: (1) defining user roles, (2) assigning 13segy OlempontE(®) defining access to DFS/F objects
and methods by role. 2. GCC (GUI console component) is a container supporting navigation and
showing of data between DFS/F GUIs. Custom and/or third party applications can be added to the
console toolbar. A custbm¥n{iesunigriowgeizaidnrateddsybasidingc@ifyshanthfat taryueivjecisdcthe
console can include a tra IAN: VI Le.full ser scade, tile and icans, Ul console
navigator allows browsingraafgggs%fé%eiﬁéelb%gﬁlf @Ct%%goﬁglgc%geg#a ﬁ%%ss%rgﬁréa)(%%%ﬂﬁyaﬁ(é%%d on
server-supplied search crited2F'$8rokixainphel m¢hodslbs redwigation and data sharing between ActiveX
GUIs. 3. PLMC (performance & license management component) for tracking and

2. GCC (GUI console component) is a container supporting navigation and
showing of data between DFS/F GUIs. Custom and/or third party
applications can be added to the console toolbar. A custom environment
can be created by adding GUIs and factory objects. The console can
include a transaction view, i.e. full screen, cascade, tile and icons. A GUI
console navigator allows browsing and selecting DFS/F factory objects
and has search capability based on server-supplied search criteria. For

example, it provides navigation and data sharing between ActiveX GUIs.

3. PLMC (performance & license management component) for tracking and

regulating system usage of components.

4. SMC (saga management component) provides support for “long running”
transactions that should be treated as a unit but take too long to rely on

standard DB locking techniques.

5. CRC (context resolution component) aids in MES execution by linking
context to results, insuring that the appropriate instructions are delivered to
any resource by allowing users to flexibly model how resource selections

are made.

6. CMC (configuration management component) provides the management

of factory model changes across components.



regulating system usage of components. 4. SMC (saga management component) provides support for
"long ruining" transactions that should be treated as a unit but take too long to rely on standard DB
locking techniques. 5. CRC (context resolution component) aids in MES execution by linking context
to results, insuring that the appropriate instructions are delivered to any resource by allowing users to
flexibly model how resource selections are made. 6. CMC (configuration management component)
provides the management of factory model changes across components. 20 7. CC (calendar
component) provides calendar and shift definitions forzgcheduling and reporting. 8. VWC (visual

workflow component) defi ut anufacturing progesses and is cap bge of execguting
predetermined busine(sj?s? p?gge s(gegé%\l\?g%@%eens{ bSg?ﬁ’égs%spp(r;?ﬁceélsggésaélrapstilllcgalI;a/le Qigions  for
sequence/network of sensdeimiogativhsfamng.palette of DFS/F services. Other DFS/F components
utilize the VWC for process definitions. For example, the WIP management component uses VWC
services to define how products are produced and uses it to execute the processing of material lots.
VWC process definitich cs¥é0il{siswaudesk thevexehangentf defmbetndernxsardseninvésatieng and

control structures to determine/select th through predefined business processes. VWC is
adapted for executing bu né‘ks?g%%ér%ésé%e%gﬁ%%nc?nf%ﬁ%ﬁ/l, e ?ﬁ?ﬁ: %%ﬁei(rf Spendemiy Sf¥ther sw
components, and is capalVé\sF réspassdings toesu tommetsds npaphaaliyehas teedirgiciipetisork of

service invocations from a palette of DFS/F services. Other DFS/F
components utilize the VWC for process definitions. For example, the
WIP management component uses VWC services to define how products
are produced and uses it to execute the processing of material lots. VWC
process definition capability includes the exchange of data between service
invocations and control structures to determine/select the path(s) through
predefined business processes. VWC is adapted for executing business
processes autonomously, i.e. functioning independently of other SW
components, and is capable of responding to automated inputs as well as to

user inputs.

9. RCC (resource coordination component) is responsible for having active
resources available at dispatch stations. Matches resources to common
jobs/batches employing BRC. Together with BRC it coordinates

rendezvous of active and passive resources.

10. EVMC (event monitor component) monitors/subscribes to events
published by DFS/F services. A DFS/F service can be executed (including
launching a VWC job) when a monitored event occurs. EVMC supports

vigilant manufacturing through the creation of factory monitors.

11. BRC (bill of resources component) establishes the resources across
multiple DFS/F components needed to launch a batch process, i.e. a batch

process involving the coordinated action of multiple resources.



9. RCC (resource coordination component) is responsible for having active resources available at
dispatch stations. Matches resources to common jobs/batches employing BRC. Together with BRC it
coordinates rendezvous of active and passive resources. 10. EVMC (event monitor component)
monitors/subscribes to events published by DFS/F services. A DFS/F service can be executed
(including launching a VWC job) when a monitored event occurs. EVMC supports vigilant
manufacturing through the creation of factory monitors. 11. BRC (bill of resources component)
establishes the resources across multiple DFS/F corn?donents needed to launch a batch process, i.e.
a batch process involyi C inat ction of multiple resqurces. 21.12. C (data manager
component) consolida\ge%jéqaﬁggf ﬁ%g&%%%%péonmeﬁ%n %r#éj %)61 6 |§z(aat?c{)%s Cﬁg r% p%%%n?%o?é@%?ﬁﬁ& and
analysis. It is based on Dd(appéicvatiehcuspeprestniiogpartthgamprmdbaisampeRW stapsyhema
and reports. DMC can a s DBs for unstructyred data analysis., Applicati omponents provide the
MES instructions to manti(ftcaﬁc?tau‘r%aéhé)&ﬁf r?%ﬁ??%o%%%agagn%y %‘6191%(%%%‘ (f%ilﬁc oo %ﬁﬁ?‘BFo%’&ises.
Examples of suitable appipatisniedfpomentsss® Bedoribestinchiabtedita Takilgsiy/ Application
Components 1. QMC (quality management component) provides quality analysis and flexible data
collection. It is able to determine corrective manufacturing tactics in order to ensure conformance to
predetermined busineggpliesidh Ti@nooktegratiote corphfiEht)iprovidiogstwio wayretiarigcations

between DFS/ Fe&&férﬁ%@&?rﬁ%@@ gﬁl& té/&n%rsdlltsliasec% 1%‘%%%(%;%8%rporggsgie%?tg;%mples of suitable

application components are described in Table IV.

Table IV

Application Components

1. QMC (quality management component) provides quality analysis and
flexible data collection. It is able to determine corrective manufacturing tactics

in order to ensure conformance to predetermined business rules.

2. TIC (tool integration component) providing two way communications
between DFS/F and diverse equipment types. It is adapted for communicating
through tool protocols such as SECS (SEMI — Semiconductor Equipment and
Materials International — Equipment Communication Standard), GEM (generic
equipment model) and VFEI (virtual factory equipment interface). SECS,
GEM and VFEI are tool protocols which are well known to those of ordinary
skill in the art.

3. EMC (equipment management component) resolves the different equipment
states in SEMI E10 states, using a novel hierarchical model to track individual

tools in chambers in cluster tools.

4. RMC (recipe management component) providing definition, selection and

distribution of recipes to equipment such as fab tools.



through tool protocols such as SECS (SEMI - Semiconductor Equipment and Materials International -
Equipment Communication Standard), GEM (generic equipment model) and VFEI (virtual factory
equipment interface). SECS, GEM and VFEI are tool protocols which are well known to those of
ordinary skill in the art. 3. EMC (equipment management component) resolves the different equipment
states in SEMI EIO states, using a novel hierarchical model to track individual tools in chambers in
cluster tools. 4. RMC (recipe management component) providing definition, selection and distribution
of recipes to equipment such as fab tools. 22 5. DSC (dispatching and scheduling component) for

scheduling and dispatshinsiset fqeiapyashe el ingaigrRsSIBg AR AR ERANERAMHC (pateria
. in

handling component) for interfacing with materials handling equipment. 7. WMC (WIP -wor

progress- management cEipEaking pf freoidasks mehpbnanieresging wadensinttsanzches and
carrier, supporting proactive business decisions for example: "if, then". WIP offers cluster tool visibility
and control thereby providing MES to wafer lots inside the cluster tool. 8. Legacy system interface
which is a component@o AEKss @ity facingofwarenantlirdotacat s fRmg/Pofithenptesast
invention comprises the vgzﬂggﬁlg iigfgg;n‘can be present in the FW components, application
components and common building blocks. For example, this can be a 3 tier facet as follows. A first tier
includes clients using services from other SW programs or components, e.g. visual WF jobs, GUIs

and customer programs, SUEceswWE (Wil ﬁ@&bééeﬁﬁﬂgg%%éfﬂrggﬂﬁ%ﬁent) is provided to
support tracking of wafers, lots, batches and carrier, supporting proactive
business decisions for example: “if, then”. WIP offers cluster tool visibility

and control thereby providing MES to wafer lots inside the cluster tool.

8. Legacy system interface which is a component to access existing factory

software.

A third facet of DFS/F of the present invention comprises the vérious tiers
which can be present in the FW components, application components and common
building blocks. For example, this can be a 3 tier facet as follows. A first tier includes
clients using services from other SW programs or components, e.g. visual WF jobs,
GUISs and customer programs, such as VB (virtual Basic). A second tier comprises
application or FW servers using for example MTS/DCOM to communicate DCOM.
A third tier includes a DB engine, such as Oracle using an ODB (open database
connectivity) interface. All DFS/F components employ these three tiers, while
common building blocks can be used in one or more of these tiers depending on the

structure and function of the building block.

FW components are associated with various lifecycle activities of FALC 200.

Representative examples of these associations are shown in Table IV.



application or FW servers using for example MTS/DCOM to communicate DCOM. A third tier includes
a DB engine, such as Oracle using an ODB (open database connectivity) interface. All DFS/F
components employ these three tiers, while common building blocks can be used in one or more of
these tiers depending on the structure and function of the building block. FW components are
associated with various lifecycle activities of FALC 200. Representative examples of these
associations are shown in Table IV. 23 Table V FW Cgmponents Associated With FALL 200 lifecycle
activities FALC 200 FW Component lifecycle activity 220 SC, GCC, PLMC, SMC 230 CRC, CMC, CC
250 VWC, RCC, EVMC, BRC 260 DMC FW componentgfwn FALC of the present invention, such
as FALC 200, are adapted for interacting with each other, the thereb working toether For example, a
factory model can be revised!2¥ #gEpoReath Associated, Wath B L 200 hilecyslsractisiiienyes between a
GCC (GUI console component) 310, a CMC (conflguratlon management component) 312 and a VWC
(visual workflow component) 314. Changes in the factory model are collected to form an ECN
(engineering change ot )%ﬂ A CMC such as CK¥ Sempeiisted in FIG. 7. The ECN is opened 316
(FIG. 7) to collect the ghaRersathiihe factory model. The resulting ECN data 318 are employed by
GCC 310 during the editing of the VWC workflow 320. The workflow is displayed and edited through a
GUI 322 contained within GCC 310. The changed

220 SC, GCC, PLMC, SMC
230 CRC, CMC, CC

250 VWC, RCC, EVMC, BRC
260 DMC

FW components of an FALC of the present invention, such as FALC 200, are
adapted for interacting with each other, thereby working together. For example, a
factory model can be revised as illustrated in FIG. 7, by utilizing an exchange of
messages between a GCC (GUI console component) 310, a CMC (configuration
management component) 312 and a VWC (visual workflow component) 314.
Changes in the factory model are collected to form an ECN (engineering change
notice) in a CMC such as CMC 312 depicted in FIG. 7. The ECN is opened 316 (FIG.
7) to collect the changes in the factory model. The resulting ECN data 318 are
employed by GCC 310 during the editing of the VWC workflow 320. The workflow
is displayed and edited through a GUI 322 contained within GCC 310. The changed
VWC workflow is returned to VWC in step 324, and VWC 314 then adds the changed
workflow to the CMC ECN in step 326.

Any application component of the novel DFS/F can participate in the DFS/F
by implementing the needed services from the appropriate FW components, thereby
forming a plug and play type of SW framework, as is schematically illustrated in FIG.
8, employing FW or application servers working together through exchanges of
messages. As shown in FIG. 8, FW components using FW component servers for
CMC 410, VWC 412, DMC 414, EMC 416, GCC 418 and SC 419 use common

service protocols to provide services to application components using application



VWC workflow is returned to VWC in step 324, and VWC 314 then adds the changed workflow to the
CMC ECN in step 326. Any application component of the novel DFS/F can participate in the DFS/F by
implementing the needed services from the appropriate FW components, thereby forming a plug and
play type of SW framework, as is schematically illustrated in FIG. 8, employing FW or application
servers working together through exchanges of messages. As shown in FIG. 8, FW components
using FW component servers for CMC 410, VWC 412, DMC 414, EMC 416, GCC 418 and SC 419
use common service protocols to provide services to application components using application 24
component serveys oh ENMG.AZ0, WMEME2RSGARe BMGAZ6 e 30N ajgwapgopponen
429. These services communicate through common service protocols 430 using for example DCOM
communicationsiaftes\soreeiigue o thEhgsresenvigrre soonmematsitss tipsghtoomanify pravéssing and
equipment MES, ingitions (ipyeh detaeust @i han.ARdighhus,Risnatng, e nged for time
consuming programming changes requiring specialized skills. The application compo en?s require
effective commuiRsatibngveidntedaitad plecissioftequilpdiént rraekssiagyafed falqugoissindMiESterials
handiing equipmgihipiekiBRxeaHei it MERJNaMCIanRdqhe SRRtrlE L yelar gk gels
and/or other equipment. Typical” controllers include processors for example micro processors such as
on-board compeRBFYIHBE IS gpEraR diehac erandnectpaitalietdcisiodiscohitrollepplscativas
switches and eleglrical clicyits aranipung, oL sxamale AARIE teek Eewggeée% Y
Table of facil

DFS/F of the present invention includes a novel TIC application component tating
communicationsiséraewaivafib o trait wetapalidrrding eayuipreriin stddr tsaxedateftis WEIS, by

providing the bagig eaHINNeNHOTUEARMIAINGS wafer fab tools and/or other equipment. Typical

controllers include processors for example micro processors such as on-board

computers, computer operated software and mechanical/electrical controllers such as
switches and electrical circuits employing for example a variable resistor such as a

potentiometer.

DFS/F of the present invention includes a novel TIC application component
(Table IV) for facilitating communications between various DFS/F components and
equipment, such as wafer fab tcols, by providing the basic equipment control building
blocks which can be assembled in a VWC (Table III) workflow to control a machine.
TIC provides services which include sending and receiving VFEI messages or
commands to and from equipment. A sequence of these commands or messages
represents a business logic such as commands to control a tool. These types of
sequences can be defined in a VWC workflow. TIC provides the building blocks
which are used to send commands or messages to a tool and to receive messages or
information from the tool, and to communicate the received messages or information
to other DFS/F components. TIC is part of the communications link between DFS/F

and equipment such as wafer fab tools.

TIC of the present invention comprises a novel combination of a TIP (tool
~ interface program) and a novel TIC adapter. TIP is provided for each machine or tool
type to translate VFEI commands or messages to an interface, such as SECS, of a

machine and its controls such as control SW. Equipment which is adapted for



blocks which can be assembled in a VWC (Table 111) workflow to control a machine. TIC provides
services which include sending and receiving VFEI messages or commands to and from equipment. A
sequence of these commands or messages represents a business logic such as commands to control
a tool. These types of sequences can be defined in a VWC workflow. TIC provides the building blocks
which are used to send commands or messages to a tool and to receive messages or information
from the tool, and to communicate the received messages or information to other DFS/F components.
TIC is part of the communications link between DFS/Fand equipment such as wafer fab tools. TIC of
the present invention GARRHSES RNALS) F%ﬂ@ﬁﬁt@ﬂloﬂgvyp (tqgl interface progr and a novel TIC
adapter. TIP is provided for egach mac ire1e or tool type to tra%sﬁ;i‘?; W%P(C:%’mlﬁ%ar%dzg}%% rﬁ%oscs?g&es to
an interface, sughdaen'St GSthef equiraetnberamednits zoatroitesuncidiasycoetineks \he Equipment widich is
adapted for 25 garpmupicating with nayel ﬁgﬁ: \év'l TIP instance. i.e. a S ocess
dedicated to the equipme’np run%g as an%lterrﬁeéljlgry r%%%vtéoer}l%ge%oéﬁ%%er%en na%/é‘f%;hg‘%@éﬁ An
example of a sufieable seeimgniwadioRPp¥dtode| be¥lddn en TIPGEnmetdooia Maditinaxdlyd DRS/F is a
VFEI on DCOM protacqgl. Additionally it is gggfegp%ﬂe t We a novel VFEI+ o OM .protocol
wherein VFEI+ §vill inClude enhgmcementé1 for admlnistggt(i?nk? or n%%%?r% g,rf]f r1%Irltge C“( mote
procedure call) Watufe shidSmentis Sonsdmplisted imdisiriboe dlRgoange fer ahe RMGLtEtSN60¢
example Wherelgt‘&%g&gr’g elsiaLe H}il' ilQIC {ngugg[]' rated, waf r.g:‘}‘tgetologl; employing TIP
SW. A TIC adapter of the présent invent%ﬁ(&% ah%ntermeé%?ég%t%véoer? ’LS)(?E and TIPS by?réample
by allowing oth&PDFS#Fscéonaainie thesetssootwapaisiities: titibagh geverglized Toegmeads which

the adapter theg, agaptg {Qotllg%rﬂﬁﬁgﬁn%f 18 sw.

A TIC adapter of the present invention is an intermediary between DFS/F and
TIPs for example by allowing other DFS/F components to access tool capabilities
through generalized commands which the adapter then adapts to the needs of the
tool’s specific TIP instances. This is iilustrated in the following example for
collecting measurements using a metrology tool in a wafer fab having different tools
available for collecting the measurements. These novel techniques are adapted for
embedding the collection process in a VWC WF which then enables a user, such as a
process technician or engineer, to send identical measurement requests to TIC. The
TIC adapter then translates the request into tool specific VFEI requests based on the
particular tool which is selected at run time. These techniques of the present invention
are capable of defining for example a single QMC (quality management component)
data collection plan which can then be used for different tools collecting the same
types of data, because the TIC adapter can translate the data parameter names from
the generic name in the QMC plan to the specific names required by specific

equipment types or tools.

Advantageously, a TIC adapter can also perform a protocol conversion
between DFS/F style communications and the TIPs. This is a useful function because
many DFS/F components are constructed using MTS and are designed to be
transactional and stateless. For example, DFS/F servers both request and process

services are either “synchronous”, i.e. services that are expected to be completed



tool's specific TIP instances. This is -lllustrated in the following example for collecting measurements
using a metrology tool in a wafer fab having different tools available for collecting the measurements.
These novel techniques are adapted for embedding the collection process in a VWC WF which then
enables a user, such as a process technician or engineer, to send identical measurement requests to
TIC. The TIC adapter then translates the request into tool specific VFEI requests based on the
particular tool which is selected at run time. These techniques of the present invention are capable of
defining for example a single QMC (quality managem@rqt component) data collection plan which can

then be used fo g r I tln the same, .types of data, because the TIC adapter can
translate the dagw pf#ar%é%ggﬁ%w gﬁ:ror% elegenet%%%g%rﬁ)él i Cbrgﬁfclf pslsan 1%8 ﬁ%vé‘ﬁéég?ﬁ,‘ fAdmes
required by spec{msl@tqacbmggmypesgamtddlsatAmvamagRSﬂ?s(\]{oagTﬂﬁmni@pﬁefvm Esagyfosm a
protocol conversi F Fst communlcatlonsa t eTIPS T IS is a useful function
because many%%%? c\(é),%%oér}?len%s arey%%qruc?gds urs‘ilnC l\/[xf"gf i Bre a8 e5| élagu% BEREHEctional
and stateless. Ft('mtlexezﬂmp]e @ﬁ@tFlsemrthar&huehtcandrprmh%mmmb% &e Bithelbcking

"synchronous”, | e re ed to leted 26 withi edictably short
completion time ;éfhg F(Q%ge%% or%il gste Caﬁ}égpl ced ﬁa are const ere{@jllgrgw) ﬁ?ﬁlr?ﬂﬁ SRS use an
LRSP {long runsiey serwoemanmwo@smsedeﬁnectmmam@itemrpf&om thaniayiserviceningitgles
services having | e and which are thus unsuitable for DB
A& Q éxo Gm%g Wﬂaﬁvecf q v@delq/ﬁ?q PALe % qef&eg’ ML h as

locking technlquesw ich are typicall y em oyed in connection With convertional se
synchronous sesideess. davsconteldPldtad 1bproctssptecskivitadyion ﬂb’t;'[féstba:aﬁdasebra@ﬁuﬁirzg a

relatively short e TRyt aa s SIRIN ANYCIRALLISIN, SRIP SRR RO BRfovtdd B

contemplated that service requests can be base
returned reply The TIC adapter is an 1ntermed1ary between DFS/F and TIPs.

An example of a novel TIC is illustrated in FIG. 9, showing a novel DFS/F
500 including TIC 520 of the present invention. In the present example, a distributed
computer having nodes A, B and C was used. DFS/F components 510 commuaicated
with fab tools 538 and 548 by means of TIC 520. MES instructions for tools 538 and
548 were sent by components 510 to novel TIC adapter 522 of TIC 520. For example,
nstructions for starting the processing of a material can be communicated from a
DFS/F component 510, such as a VWC workflow, to tool 538 through TIC 520. The
TIC adapter was accessed through an MTS server on node A. The instructions for tool
538 were communicated from TIC adapter 522, through a VFEI protocol on DCOM
532, to a TIP instance 534 on node B. TIP instance 534 then communicated these
instructions to tool 538 using SECS protocol 536 of tool 538. Similarly, the
instructions for tool 548 were communicated from TIC adapter 522 to a TIP instance
544 on node C, through a VFEI protocol on DCOM 542. TIP instance 544
communicated the instructions to tool 548 using SECS protocol 546 of tool 548. Also
a DB (not shown) can be provided which can be accessed by TIC adapter 522 to store
and retrieve TIC data such as the network locations of specific TIPs, using such

methods and techniques as are well known to those of ordinary skill in the art.

TICs of the present invention employ Microsoft DCOM messaging technology

to send messages between DFS/F components of the present invention and a TIC



DCOM RPC style model, where a service is requested which is then followed by a returned reply The
TIC adapter is an intermediary between DFS/F and TIPs. An example of a novel TIC is illustrated in
FIG. 9, showing a novel DFS/F 500 including TIC 520 of the present invention. In the present
example, a distributed computer having nodes A, B and C was used. DFS/F components 510
communicated with fab tools 538 and 548 by means of TIC 520. MES instructions for tools 538 and
548 were sent by components 510 to novel TIC adapter 522 of TIC 520. For example, instructions for
starting the processing of a material can be communicated from a DFS/F component 510, such as a
VWC workflow, {9 ;5%%%% Itﬁé%%g TIC adapter.was accessed through an MTS server
on node A. The ingﬁ%dtions for tool 538 We§11 %gr%nncﬁﬂ?ga{%ar SR TIE" %{88{8 (tearnbcﬁﬁflﬁ%% {j“ﬁéoVFEl
protocol on DCUM ps32ntany aiomstahte adaptm isoce8rukiRdinstag cehabthen idomblsdieatad these
instructions to topl 538 ysing SECS protocol,o % f tool 538. ? Jarly, the. instructi for tool 548
were communicate% from %IC adapter%;Z St{glcsé Pins lz)fn%én ﬁ’%ri };ld%)ne IBY?H%/S;ﬁg \?&%’It‘?ﬁotocol
on DCOM 542. TP hestanstB4el vemgnuibatedoffietimstantionstoctod A 8dapireg SRGSaprO®TOl 546
of tool 548. Alsq; a PR (&Tsl? ﬂ; lﬁ? Vi which ca cessed by TIC adapter 522 to
store and retrie_vle TICn ata u%){% agl t%% ngf%%f QI%%% lons ot sr%%%ﬁg“f’%f’ﬂ%%sg %rffgﬁn%&%}as and
techniques as alsiaetekndwhlto aeierod Hrinarysskill imvtheiamt iT Epabldhef prasegtiifventioaremploy
Microsoft DCON, mess gHagn gt} l? to send.messages. betwe FS/E components of the
present invention and ? TIC g a%%p%%ea%d?b%tﬁgelﬁ%qﬁ%og 3&%&5& %rgirillgt rfg%léefﬁ i
instances accoriiplg feoukk jepestiat raveetion. staMC adaptertisgenstriuclid usfhgreaiomembiiiding
blocks of the prgsen 1@3@@5@5&%61’% ggpesg ga% r in.Table 11. An.inventive TIC adapter can be
constructed using a E;/Iicrosoft transa ?lzrn servaer. équ a&lé)rg?’s%sé%%g‘llgh&ecgmques as are evell

known to those of ordinary skill in the art.

FIG. 10 shows a sequence of messages from a VWC 610 executing a business
process which is defined in a VWC WF, to a TIC adapter 612 and then on to a TIP
instance 614. This TIP instance includes a tool interface program for interfacing with
processing equipment (not shown) such as a wafer fab tool for manufacturing an
integrated circuit structure. The VWC business process sends an instruction to TIC
adapter 612, requesting an event setup 616 which is a request for repbrting an
equipment event, for example reporting the completion of a wafer fabrication process.
The event setup request is then routed 618 to TIP instance 614, which is subsequently
acknowledged 620 to VWC 610. VWC then requests an event report 622 concerning
the event setup request from TIC adapter 612. Event report request 622 is
acknowledged in step 624. When the requested event occurs on the equipment, a
report concerning the event is communicated 626 from TIP instance 614 to TIC
adapter 612, which then checks to determine if there is a pending report request.
When there is a pending report request, such as request 622, TIC adapter 612 delivers
the requested report 628 to the VWC WF and acknowledges delivery 630 of the event
report to TIP instance 614. Optionally, the VWC business WF can execute a loop
requesting additional event reports. Once the requested reports are received from the
tool, the loop terminates and VWC WF will send a concluding command to TIC to

notify the tool, via its TIP, that the requested event reports should no longer be sent. It



simultaneously managing messages from many DFS/F components and many TIP instances. A TIC
adapter of the present invention is capable of saving information such as pending event requests, i.e.
the instruction to a TIP regarding a request that a tool should report a particular status or operating
event. The information can for example be saved using Oracle database technology using such
techniques as are well known to those of ordinary skill in the art. FIG. 10 shows a sequence of
messages from a VWC 610 executing a business process which is defined in a VWC WF, to a TIC
adapter 612 and then on to a TIP instance 614. This 1P instance includes a tool interface program for

interfacing with ' [ S f o] f nufacturing.an
integrated circu@gﬁgﬁe& %\%%%%%@%@@%g‘z§s‘¥§%{‘?§‘§§§§?}oé}s§% @ilataf) 8?@ 2,
requesting an eVeptdsstigremeichasvitkdbeeguiiomesporting an equipment event, for example
reporting the completion of a wafer fabrication process. The event setup request is then routed 618 to
TIP instance 614, which is subsequently acknowledged 620 to VWC 610. VWC then requests an

event report 622 cpncé%ﬁiﬁ@om évéhﬁs&@pqmmnﬁﬁp@cadaptepmzpﬁmnsue“pcm; réfest 622
is acknowledgeéj)m%pcgg4.vy1\(ﬂegﬁge ﬁﬁﬂ%@s@ﬁﬁ\’%ﬁ&%@% e %gwg,wt, @fﬁgﬁm)
nce 614 to which’then

concerning the event is communicated 626 from TIP inst IC adapter 612,
checks to deterdisbtionallie is sppeiviilag rePorcospassnt \Whenabereusieaprenditly reptrerefuést, such

2 request 622.cHiepBAaRIShA A el R RyeR a dapart 75 eGP and sckpowledges

delivery 630 of the event report to TIP instance 614. Optio Usiness WF €5n execute a
loop requestinge@E@BrigcBuSN W perpasEt heamteiestectse portieaservesivei dothereF Wol, the

loop terminatesc%%yﬁ/g&%w&@ send g eqnglding-grengmand to TIC to notify the tool, via its TIP,

that the requested event reports should no longer be sent. It 28

Plug and play capabilities of a VWC are illustrated for example by WFs
wherein the VWC is a technique for defining a business process as a WF which is
subsequently executed as a job. WFs are graphical representations of business
processes defined for marnufacturing a product such as a semiconductor structure
typically including many processing steps, equipment steps, movement steps, decision
steps and data steps. Each of these steps is defined as a step in a WF. WFs can include
movements, decisions, quality activities and eQuipment commands. WFs are built
using drag and drop techniques in a computer graphical environment using techniques
which are well known to those or ordinary skill in the art. Once defined, a WF is

executed as a job. For example, a WF can be executed to create a lot of a product.

DFS/F of the present invention can be utilized to start production, such as a
wafer fab run, by means of the WIP management application component (Table IV)
as follows. A user, such as a process engineer, defines how a particular product is
made by creating a WF in VWC that defines the sequence of steps needed to make the
product. This sequence can for example include a wafer fab recipe. The user then
starts the lot by using the WIP management application component service or GUI
requesting VWC to start the WF for the lot. In summary, WIP uses VMC as a service
for  defining the processing steps and subsequently for actually

manufacturing/fabricating production lots.



will be noted that TIP instance 614 might need a protocol such as SECS (not shown) in order to
communicate with the equipment. As shown in the above examples, application components such as
TIC, communicate with and utilize FW components such as VWC (Table 1ll). Additionally, a particular
FW component can communicate with another FW component and utilize its services. For example,
all FW components can use the common security FW component to regulate access to the services
which these FW components provide, as is illustrated jn FIG. 8. Plug and play capabilities of a VWC
are illustrated for example by WFs wherein the VWC is a technique for defining a business process as

a WF which is subseaggiithy eXsHied % adniioh HAAIRNIcR teRISsSIAFRRS ] ysiness

processes defined for manufacturing a product such as a semiconductor structure typica 13}11|1r<1aéluding

many processintg siekitas)ifsnronsstsiomivepndisetspendeEdiosrstapsaind BatestanseFach of
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and equipment commands. WFS are built "using drag and drop techniques in-a computer grap’)]hical
environment uskR§REKHIGIESLIFHIAH diee wlessiiiormuipriense lbr crdindsy didll inathemrth©riweRdefined,
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the present invention can be u roduction, such as a wafer fab run, by means Ofthe WIP

management apidatrsiugsribeibice (PEOIE tiersad ténshtisr asaserDIE 644 pitiieshetgiGaer,
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needed to make the product. This sequence can for example include a wa recipe. The user
then starts the foEB{Qginigahis Wi idethiy B camassienatiory eorapdnentddtvioe WMEUsereepsesting

VWC to start the MRyl thed08vn &iTRBIawWIR UBRSiHMGoRS areiyiead8r fsfining e pgagessing
steps and subse%ently for actually _ ’
SW enables a user to classify a particular wafer fab tool as an etcher. The

classification building block SW is used in the component servers through for
example a C++ inheritance capability, i.e. the capability to pass resources or attributes
from component servers down to the specifics of a particular product, process or
machine. A third tier comprises a DE table definition that is employed by the

component server logic for storing and retrieving classification information.

Digitally coded data structures or information of novel DFS/F or its
components and building blocks can be stored on a removable electronic data storage
medium or device, such as computer floppy disks, removable computer hard disks,
magnetic tapes and optical disks, to facilitate the use of the same technique at
different processing locations. Alternatively, the data structure or information can be
stored on a non-removable electronic data storage medium, including a medium
positioned at a location which is remote from the tool, using such storage devices as
are well known to those of ordinary skill in the art. The data structures or information
can be communicated from a remote location to a central data processing unit or to a
computer using communications techniques which are well known to those of
ordinary skill in the art including hard wire connections, wireless connections and
data communications methods utilizing one or more modems or techniques using one
or more computers commonly known as servers. Once DSF/F or its components or
building blocks are installed, they are commonly stored in a data storage device or

memory of a dedicated computer or a distributed computer system which is integrated



manufacturing/fabricating production lots. 29 Building blocks provide common functionality to the
novel DFS/F techniques to facilitate the construction of application and FW components. For example,
a DFS/F classification building block (Table 11) can be used-in the EMC application component
(Table 1V) to classify equipment. It can also be used in the WIP management application component
(Table 1V) to classify products. This building block includes the three DFS/F tiers. A first tier uses a
DFS/F GUI within the GCC to view and modify or update classification information. A second tier
includes SW code/logic that is provided in the compoﬁ%nt server, such as EMC or WMC servers. This

particular SW define Q% ssificati re specified. For example, this SW enables a user to
classify a particg{gﬁrlv%la%%\r{&éa g%cf)%lcg égglé%r% e%c;:lﬁeﬁ.s 'Fﬂ%lpc assificaton %Equﬁg%ﬁzé ?fc{gﬁeSW' &4 9 the
component sengsesiblidughwioto dxere pfoad@aeny isitidlritaticeadapability, i.e. the capability to pass
resources or attributes from component servers down to the specifics of a particular product, process
or machine. A third tier comprises a DE table definition that is employed by the component server

logic for storing and reltievingclagdifichtiopinfidmativel. Pigitaity conp datadpitatiyresdadiat@smation

of novel DFS/F gr i3, & P iIdin can be stored on a removable electronic data
storage medium or ge\%ce,%%%%ﬁzag%gorﬁglﬂé?pfloppy FisKks, FRTVERIE 8§R1uﬁit§%’tgh AF sk efhagnetic
tapes and optic#l tiskm fadilitate thmowbbf theetsame dathsionagamelifierent destessing lggations.
Alternatively, thg g HGtyge information can be stored gn a non-removable electronic data
storage medium, Inc ulc;;}ng a mg?ﬁg?néggg%%%egma?lg%ég% hWhichha femots Hisnt dERssY 85ing
such storage deldeesiaragadewet! kotoworagetihbsteofronitinarylighiilidahe arerfhe paiecsiibgtunes or

information cary b, campaIcaIRd TRMAIRIURIBRANRN R A AL AR PrRCeSSing Nt or to a

building blocks are stored in the data storage device.

The mvention has been described in terms of the preferred embodiment. One
skilled in the art will recognize that it would be possible to construct the elements of
the present invention from a variety of means and to modify the placement of
components in a variety of ways. While the embodiments of the invention have been
described in detail and shown in the accompanying drawings, it will be evident that
various further modifications are possible without departing from the scope of the

invention as set forth in the following claims.



computer using communications techniques which are well known to those of ordinary skill in the art
including hard wire connections, wireless connections and data communications methods utilizing one
or more modems or techniques using one or more computers commonly known as servers. Once
DSF/F or its components or building blocks are installed, they are commonly stored in a data storage
device or memory of a dedicated computer or a distributed computer system which is integrated 30
with the processing system and its equipment, using §lllch data storage techniques as are well known
to those of ordinary skill in the art. It is contemplated to provide novel products comprising digitally
coded data structures or information of novel DFS/F gfiitgg@gponents or building blocks, stored in
memory such as a removable electronic data storage medium or device. It is also contemplated to
provide a novel computer integrated apparatus having a memory or data storage device for storage of
electronic or digialgata, a central processing unit or a computer, and processing equipment wherein
DFS/F or its components or building blocks are stored in the data storage device. The invention has
been described in terms ¢k tRethpd iy dafrgorrvanitedanirmented factery willomebenize that it would

be possible to construct theeleeeiisAtttaa prasRMijvention from a variety of means and to modify
the placement.of components in a variety of ways. While the embodiments of the invention have been

described in detail and sHOwRFBHREaBEGHB I paraivisiERinelifepects Agtinith Bemewiots further
modifications are possible witg gRarting from the scope of the invention as set forth in the

following claims. 31 CLAIMS We claim: o
b) defining factory modeling lifecycle activity framework components;

and
¢) defining manufacturing controlling, monitoring and tracking lifecycle

activity framework components.

2. The method of claim 1, wherein defining administrating lifecycle activity
framework components comprises defining one or more framework
components selected from the group consisting of a security component, a
GUI console component, a performance and license management

component and a saga management component.

3. The method of claim 1, wherein defining factory modeling lifecycle
activity framework components comprises defining one or more
framework components selected from the group consisting of a context
resolution component, a configuration management component and a

calendar component.

4. The method of claim 1, wherein defining manufacturing controlling,
monitoring and tracking lifecycle activity framework components
comprises defining one or more framework components selected from the
group consisting of a visual workflow component, a resource coordination
component, an event monitor component and a bill of resources

component.



1. A method for defining a computer implemented factory automation lifecycle, the method
comprising: a) Defining, installing and administrating lifecycle activity framework components; b)
defining factory modeling lifecycle activity framework components; and c) defining manufacturing
controlling, monitoring and tracking lifecycle activity framework components. 2. The method of claim
1, wherein defining administrating lifecycle activity framework components comprises defining one or
more framework components selected from the grou%:onsisting of a security component, a GUI
console component, a performance and license management component and a saga management

component. 3. The meshogif glaiBdle Mergrgin Qﬁﬁﬂ%@%%ﬂﬁaﬁg'%@ﬁ’&& & d%%}‘éﬁg framework

components comprises defining one or more framework components selected from roup
consisting of a context reSbUAEhESHPBESAasyAfTRE orswiaiHgeraksrctontp brantvent a
calendar component. 4. T stiaad of claim 1, wherein defining manufacturing controlling, monitoring
and tracking lifecycle activity framework components comprises defining one or more framework
components selected from the group consisting of a visual workflow component, a resource

coordination componet, i eYaRbIOiarSeMPRARN A0 HOILO! LSRUIEERFoMpgpent. 32 5. The
method of claim | additionally comprising a method for defining one
manufacturing results lifecycle activity framework components comprises

defining a data manager component.

7. The method of claim 5 additionally defining a method for defining
interactions between the one or more manufacturing results lifecycle
activity framework components and components selected from the group

consisting of factory modeling lifecycle activity framework components.

8. The method of claim 1 additionally defining a SW developing and

integrating lifecycle activity.

9. The method of claim 1 additionally defining a manufacturing planning

lifecycle activity.

10. The method of claim 1 wherein defining a factory automation lifecycle
comprises defining a factory automation lifecycle for processing an

integrated circuit structure.

11. The method of claim 1, wherein defining a factory automation life-cycle
additionally comprises defining framework components such that the
framework components are adapted for communicating with a tool
integration component, wherein the framework components are selected
from the group consisting of installing and administrating lifecycle activity
framework components, factory modeling lifecycle activity framework
components, and manufacturing controlling, monitoring and tracking

lifecycle activity framework components.



or more analyzing of manufacturing results lifecycle activity framework components. 6. The method of
claim 5, wherein defining one or more analyzing of manufacturing results lifecycle activity framework
components comprises defining a data manager component. 7. The method of claim 5 additionally
defining a method for defining interactions between the one or more manufacturing results lifecycle
activity framework components and components selected from the group consisting of factory ,
modeling lifecycle activity framework components. 8. The method of claim 1 additionally defining a SW
developing and integrating lifecycle activity. 9. The n¥éthod of claim 1 additionally defining a
manufacturing planning lifecycle activity. 10. The method of claim 1 wherein defining a factory
automation lifecycle comprises defining a factory automation lifecycle for processing an integrated

circuit structure. 11. Theamiibagbbelaftidmuhertindielomemg AsancsiapasianliigLycle

additionally comprises defining, framework components such that the framework components are ’
adapted for communica'tinaIW%%”%nt%%lfL Wé%’r%ﬂ:}ﬁg %ﬁ?&&ﬁ@ﬁi’ R AT RS RSO R 8ponents are

selected from the group conssiingodtfiostakingaedtadministrating lifecycle activity framework
components, factory modeling lifecycle activity framework components, and manufacturing controlling,
monitoring and tracking lifecycle activity framework components. 33 12, The method of claim 11
wherein defining manufacturing controlling,



monitoring and tracking lifecycle activity components comprises defining a visual workflow
component. 34 COMPUTER INTEGRATED MANUFACTURING TECHNIQUES ABSTRACT The
present invention provides a novel distributed factory system framework including a novel factory
automation lifecycie (200) having lifecycie activities for SW developing and integrating (210), installing
and administrating (220), factory modeling (230), manufacturing planning (240), manufacturing
controlling, monitoring and tracking (250) and analyzirsg of manufacturing results (260). The factory
lifecycle comprises framework components. The distributed factory system framework also includes
application components and SW building blocks. The framework components are adapted for

managing the applicatio i pﬁw Eelﬁslﬂ" f# provide
instructions for managin%%@@%%%&%ﬁer ab. r% %wigmg%tlsgas are6a ag?[ed for forming

or modifying framework and application components. The distributed factory system framework

provides computer implemented methods for inte%rﬁgwefessing systems and facilitates process
and equipment changes. (Figure 6

The present invention provides a novel distributed factory system framework
including a novel factory automation lifecycle (200) having lifecycle activities for SW
developing and integrating (210), installing and administrating (220), factory
modeling (230), manufacturing planning (240), manufacturing controlling, monitoring
and tracking (250) and analyzing of manufacturing results (260). The factory lifecycle
comprises framework components. The distributed factory system framework also
includes application components and SW building blocks. The framework
components are adapted for managing the application components, while the
application components are utilized to provide instructions for managiiiz a process
such as a wafer fab. The building blocks are adapted for forming or modifying
framework and application components. The distributed factory system framework
provides computer implemented methods for integrating processing systems and

facilitates process and equipment changes.

(Figure 6 )



