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nol ecul ar fluorine gas discharge | aser system useful for surface treatnent
of a material on a panel having a substrate covered with one or nore

| ayers, including an upper |ayer 5of anorphous silicon, to be nelted and
recrystallized into an el ongated poly-crystalline formof silicon, e.qg.,

for the subsequent formation of thin filmtransistors for making products
such as flat panel displays a need for better systemcontrol, which
applicants address. Such systens may be utilized, e.g., for |ow tenperature
pol ysilicon processes ("LTPS") or thin beam sequential |ateral
solidification ("tbSLS") systens. 10 SUWARY OF THE | NVENTI ON A

pul sed DUV wor kpi ece treatnent apparatus and nethod for delivering light to
irradi ate the workpiece, for crystallization of a material on the
wor kpi ece, carried on a work stage, which may conprise ‘a pul sed | aser DUV

| i ght source and an optical train 15 producing a very narrow wi dth very

el ongated beam of light pulses with a set of paraneters required to be

mai nt ai ned Wi thin a respegArgEEOHBNE OO WVRNGGON val ues on a pul se
to pul se basis is disclosed, which may conprise: a laser controller; a work
stage control | edheis isysthefictbpliiiah pelse rapebiion e 19FECEEEMy @8 P SEOMET BT
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control signals to the 50 aser contro ﬁer and the workstage controller
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through the external process user interface to a respective generic script
or scri pt saddrps. Syshsatens and beatiheel, sy, ool tesweptpisPRIYSIHsan BIRfEFiEs

i denti fyi ng‘mq»smer $3Ehedth Qéﬁmﬂq%%@%gaqgﬁ@ﬁ nt(RBEL 85 Qys@hect abl e by the

user fromthe OEM dat abase ased on tasKs stored in the OEM
dat abas®. The apparatus and nethod namy conprise a process server executing

a conmmand to a controller o i ﬁgﬁtq%gﬁﬂqf() onprising the | aser
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controller and the work stage con Ient inputting recipe
definitions frondrwdsedddy Vamerkpieoelirerymesteappetatureandanetbod fog dptivewgdighér ver .
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of the cryswavgﬁmaahdﬁggnpwUmgsgbonPuhei%nﬁkEL%héQaﬁdgnayné@HWMhMbH@@ Wwith
a manuf act leoidﬂging)é%% k%ow width very elongated beam of light pulses with a set of
parameters required to be maintained within a respective selected narrow range of
values on a pulse to pulse basis is disclosed, which may comprise: a laser controller; a
work stage controller; a system controller receiving process recipe control demands
from a customer recipe control command generator and providing control siénals to the
20 laser controller and the workstage controller, which may comprise: a database driven
process controller which may comprise: a database containing generic process .
command steps selectable by a user through an external process user interface, The
apparat“usl and method may compriée process control customization from user to user,
‘and may also comprise an interpreter converting process command steps selected
25  through the external process user interface o a respective gereric script or scripts. The
apparatus and method may comprise a work flow engine identifying to the user process
,command steps that are selectable by the user from the OEM database, which may be
based on tasks stored in the OEM database. The apparatus and method may comprise a

process server executing a command to a controller of a2 device from a group
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systeminterface via an interface. The apparatus and nmethod may further
conprise an CEM read only database which may contain read-only task
definitions supplied by the OEM a master systemcontroller read-wite
dat abase contai ni ng user provided recipe definitions. The OEM dat abase may
contain generic task definitions in the formof macros or scripts useable
by the process server during process control; a comrand interpreter
conbining a user input paraneter stored in the MSC database with a generic
command fromthe OEM dat abase. The input paraneter nmay have been previously
stored in the MSC dat abase and the generic conmmand nay be contained in a
script in the OEM dat abase. The apparatus and nethod nmay further conprise a
plurality of 15process control subsystens in comrunication with the process
server, each subsystem conprising a nessage queue and nessage | oop; a
message punp associ ated with each nessage queue and nessage | oop
serializing access to the respective subsystem and may further conprise a
devi ce i nt eLhifRingMhe RREANINEBHERAMhE Bofl stdRA3hirOM&; JeXTCBich! iRFAnGT OUP
conprising thé | aSer and the work stage, utilizing a | anguage converter
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workpiece treatment apparatus which may deliver light to irradiate the workpiece, for

crystallization of a material on the workpiece, carried on a work sta'ge, which may
comprise a pulsed laser DUV light source and an optical train producing a very narrow
25 width very elongated beam of light pulses with a set of parameters required to be
maintained within a respective selected narrow range of values on a pulse to pulse basis
is disclosed which may comprise: a laser controllér; a work stage controller; a syétem
controller running a respective task in a separate :respective process in order to code a

task as a single thread or as multiple non-reentrant threads. The respective task may



associated with all of the respective devices. Each separately functioning
thread may conprise a separate comruni cati on channel. The system controller
may utilize generic device commands i ndependently of the device types. The
devi ce commands nmay correspond to high | evel actions. The apparatus and

met hod may conprise the GU 20client storing recipe definitions as
paraneters in the MSC dat abase prior to sending user conmands to the
process server and may further conprise a nessage queue and a nessage | oop.
The apparatus and nethod may conprise the at | east two separately
functioning threads conprising one or nore separately functioning threads
each as a separate device interface to a respective one of the plurality of
process devices. The at 25l east two separately functjoning threads may
conprise a respective control thread associated with the respective device
and a respective, diagnostic thread associated with the respective device.
Each separately functioning thread may conprising a separate conmuni cation
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di agram f oFamuise @rpudsed faser DUV light source and an optical train producing a very narrow
width very elongated beam of light pulses with a set of parameters required to be
10 maintained within a respective selected narrow range of values on a j)ulse to pulse basis
is disclosed, which may comprise: a laser controller; a work stage controller; a plurality
of process devices controlled by a system device manager utilizing at least two
separately functioning threads one of which comprises a device interface to each of the
plurality of process devices. The two separately functioning threads may comprise a
15‘ control thread associated with all of the respective devices and a diagnostic thread
associated with all of the respective devices, Each separately functioning thread may
comprise a separate communication channel. The system controller may utilize generic
device commands independently of the device types. The device commands may
corréspond to high level actions. The apparatus and method may comprise the GUI
20  client storing recipe definitions as parameters in the MSC database prior to sending'user
commands to the process server and may further comprise a message queue and a
message loop. The apparatus and method may comprise the at least two separately
functioning threads comprising one or more separately functioning threads each asa
separate device interface to a respective one of the plurality of process devices. The at
25 least two separately functioning threads may comprise a respective control thread
associated with the respective device and a respective diagnostic thread associated with
the respective device. Each separately functioning thread may cqmprising a separate

communication channel. The system controller may utilize generic device commands



15 daenon process view of a portion of an MSC, according to aspects of an
enbodi nent of the disclosed subject matter; FIG 5 shows by way of exanple
in schematic and bl ock diagram forma portion of an MSC, according to
aspects of an enbodi ment of the disclosed subject matter; FIG 6
shows by way of exanple in schematic and bl ock diagramforma portion 20of
an MSC, according to aspects of an enbodi nent of the disclosed subject
matter; FIG 7 shows by way of exanple in schematic and bl ock di agram form
an exanpl e of a system according to aspects of an enbodi nent of the

di scl osed subject matter; FIG 8 shows by way of exanple in schematic and
bl ock di agram form an 25archi tecture depl oynent view of a portion of an
MSC, according to aspects of an enbodi ment of the disclosed subject natter;
- FIG 9 shows by way of exanple in schemati'c and bl ock di agram form
a server daenon nessage | oop, according to aspects of an enbodi nent of the

di scl osed subject matter; FIG 10 shows by way of exanple a table of
nmessages, ; i t f i i ject
macier: . RRERAR G OIRAR SOl AR RIS CERn Y e dPo PRt

accor di ng acgomspects of an enbodi ment of the disclosed subject matter;
5FIG"' s 12A and 12B show by way of exanple in schematic and bl ock di agram
form UML di agrans, according to aspects of an enbodi nent of the disclosed
subj ect matter; BRIEH DES(RE BONOF FFRRIYENGS schemati ¢ and

o 0o, 9,291 e b b oty SERAL PR mlocthggbod Tonc ot
i n schenmatdoutratier (BMSER) divagranf example, according to aspects of an embodiment of the
disclosed subject matter;

FIG. 2 shows by way of example in schematic and block diagram form aspects
of a portion of an MSC, according to aspects of an embodiment of the disclosed subject

10 matter;

FIG. 3 shows by way of example in schematic and block diagram form an
architecture logical view of a portion of an MSC, according to aspects of an
embodiment of the disclosed subject matter;

FIG. 4 shows by way of example in schematic and block diagram form a server

15  daemon process view of a porﬁén of an MSC, according to aspects of an embodiment of
the disclosed subject matter;

FIG. 5 shows by way ofexample in schematic and block diagrarh form a portion
of an MSC, according to aspects of an embodiment of the disclosed subject matter;

FIG. 6 shows by way of example in schematic and block diagram form a portion

20 of an MSC, according to aspects of an embodiment of the disclosed subject matter;

FIG. 7 shows by way of example in schematic and block diagram form an
example of a system according to aspects of an embodiment of the disclosed subject
matter; |

FIG. 8 shows by way of example in sdhématic and block diagram form an

25 architecture deployment view of a portion of an MSC, according to aspects of an
embodiment of the disclosed subject matter; ' |

FIG. 9 shows by way of example in schematic and block diagram form a server
daemon nfessage ioop, according to aspects of an embodiment of the disclosed subject

matter,;



form UML cl ass di agrans, according to aspects of an enbodi ment of the

di scl osed subject matter; FIG 15 shows by way of exanple in
schemati c and bl ock di agram form UML cl ass di agrans, according to aspects
of an enbodi nent of the disclosed subject matter; 15FI G 16 shows by way of
exanple in schematic and bl ock diagram form UML cl ass di agrans, according
to aspects of an enbodi nent of the disclosed subject matter; FIG 17
shows by way of exanple an illustrative graphical user interface screen

whi ch may be utilized according to aspects of an enbodi nent of the

di scl osed subject matter; 20FIG 18 shows by way of exanple an illustrative
graphi cal user interface screen which may be utilized according to aspects
of an enbodi nent of the disclosed subject matter; FIG 19 shows by
way of exanple in schemati,c and bl ock diagran1forn1a portion of an MSC,
according to aspects of an enbodi nent of the disclosed subject 25matter;
FIG' s 20A - B show by way of exanple database and script code that nay be

used to inplemepign Eap%u@g% £&s1.80 Q8L o F
transl ati ons accordﬁjrjlghr(ﬁ\lstl cts 8%$an e e?fm¥$t£%f ﬂﬂﬁ%ﬁggﬁgsedjsubject
matter; an eme@@@lO%ﬂh@\d@Cb}}ﬂij matanpl e in schematic and bl ock

di agram form a gé ?an@{stb?\ui\ﬁ% exfrpt zg{agﬂa 3%%%9%8(% V\r%&o% Qe gent - of

t he di scl osed su exanpl e an
illustrati a@egba@me@abfmselusdqsecbstMMrrmneeen 5 whi ch may.be utilized

according to as ts ' f L&C ;
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screen whi &hrrmEbdiagtams, ze:abrcangmxkpmgs pvbarmeméodisicof ofthe disblodéchepjecof t he
di scl osed E%B£ect matter; 10FIG 24 shows by way of exanple an illustrative

graphi cal user’interface screen which may be utilized according to aspects
of an embodi nenFIGf 13 ftevdi t&ahraseﬂe*&uipjleemtschanamqnd block diagrafdl form 29 8Bows by

way of exapp g?%cl:c%ljd%?tg%ts ot gfaniail ngoraéiﬁeorftﬁe #1?{1%5%83 uEl it phi ch may be

utilized acc rment o osed subj ect
15mat t &9 ; FIG s 14A and 14B show by way of example in schemati¢ and block diagram

form UML class diagrams, according to aspects of an embodiment of the disclosed
subject matter; -

FIG. 15 shows by way of example in schematic and block diagram form UML
class diagrams, according to aspects of an embodiment of the disclosed subject matter;

13 FIG. 16 shows by way of example in schematic and block diagram form UML
class diagrams, according to aspects of an embodiment of the disclosed subject matter; '

FIG. 17 shows by way of example an illustrative graphicéi user interface screen
which may be utilized according to aspects of an embodiment of the disclosed subject
matter;

20 FIG. 18 shows by way of example an illustrative graphical user interface screen
which may be utilized according to aspects of an embodiment of the disclosed subject
matter; , '

FIG. 19 shows by way of example in schematic and block diagram form a
. portion of an MSC, according to aspects of an err‘lbocliment of the disclosed subject
25  matter; |
FIG.’ 5 20A - B show by way of example database and script code that may be
used to implement neutral language format to device language format translations

according to aspects of an embodiment of the disclosed subject matter;,



FIG 26 shows by way of exanple an illustrative graphical user interface
screen which nmay be utilized according to aspects of an enbodi nent of the
di scl osed subject matter; FIG 27 shows by way of exanple an
illustrative graphical user interface screen 20 which may be utilized
according to aspects of an enbodi ment of the disclosed subject matter;

FIG 28 shows by way of exanple an illustrative graphical user interface
screen which may be utilized according to aspects of an enbodi ment of the
di scl osed subject matter; 25FIG 29 shows by way of exanple an illustrative
graphi cal user interface screen which nmay be utilized according to aspects
of an enbodi nent of the disclosed subject matter; FIG 30 shows by
way of exanple an illustrative graphical user interface screen which may be
utilized according to aspects of an enbodi nent of the disclosed subject
matter; FIG 31 shows by way of exanple an illustrative graphical user
interface screen 5which may be utilized according to aspects of an

embodi nent of tH6. dilstbes By vagkifegdmpRid Sdhematic and bldok d&grah o Hy way of

exanple an illustratjv raphi cal user interface screen whic be
utilized f@&?w%%cﬁég%ﬁ@ga? SRR b B PRERTITSR PTBedl W&Sﬁf@@mﬂabj ect
matter; IRatlehG 33 shows by way of exanple an illustrative graphical user
interface scre ich may be utilized according to aspects of an

enbodi ment of teﬂé}\{vg?ég?%é&%tﬂféﬁmﬂ‘ﬁtaﬂé‘ ustrative 8’5‘!?’{1@?1p‘35&f QBHHSE BYFRay of
exanpl @ arwvhith uslbRhitNEed ﬁé\ﬁ)ﬂliﬁ%b AEpeEts bNiCEhBSEnRal 6Bfe It obedBjd2e

utilized according to aspects of an enbodi ment of the disclosed subject
15matter; M35 G 35 shows by way of exanple an illustrative graphical

user interface HG e8rhbkk BN WwiglblRarible lah 20kt AGCOEHPAG Al GseaRPR€dcd s@ke@n
enbodi nent .af the diSﬁJo ed subject matt Fl G 3g S
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accor di ng rharteaspects of an enbodi nent of the disclosed subject
10 FIG. 24 shows by way of example an illustrative graphical user interface screen
which may be utilized according to aspects of an embodiment of the disclosed subject
matter; .

FIG. 25 shows by way of example an illustrative graphical user interface scéeen

which may be utilized according to aspects of an embodiment of the disclosed subject
15  matter; - '

FIG. 26 shows by \‘fvay of example an illustrative graphical user interface screen
which may be utilized according to aspects of an embodiment of the disclosed subject
matter,; ‘ _

FIG. 27 shows by way of example an illustrative graphical user interface screen

20 which may be utilized according to aspects of an embodiment of the disclosed subject
matter; |

FIG. 28 shows by way of example an illustrative graphical user interface screen
which may be utilized according to aspects of an embodiment of the disclosed subject
matter; '

25 : FIG. 29 shows by way of example an illustrative graphical user interface screen
which may be utilized according to aspects of an embodiment of the disclosed subject

matter;



matter; FIG 37 shows by way of exanple an illustrative graphica
user interface screen which may be utilized according to aspects of an
enbodi ment of the disclosed subject matter; 25FI G 38 shows by way of
exanple an illustrative graphical user interface screen which may be
utilized according to aspects of an enbodi nent of the disclosed subject
matter; FIG 39 shows by way of exanple an illustrative graphica
user interface screen which may be utilized according to aspects of an
enbodi ment of the disclosed subject matter; FIG 40 shows by way
of exanple an illustrative graphical user interface screen 5which may be
utilized according to aspects of an enbodi nent of the discl osed subject
matter; FIG 41 shows by way of exanple an illustrative graphica
user interface screen which may be utilized according to aspects of an
enmbodi mrent of the disclosed subject matter; 10FIG' s 42A-E show by way of
exanpl e in block diagramformsets of database tables, according to aspects

of an_ embodi rentr 30t BSwlby RIS IBHSE prdbhiCal usty fidindce 30U DY

way of exanple I n schemat lagramfo a portion of an MSC,
accor di ng whichspechesutdized ncenbiogitoespecisfof shemdpdinlentetiths disckosed sbitcér ; and
15FI G 44 éﬂg&@ by way of exanple in schematic and.bl ock diagramforma
portion of "an MSC, according to aspects of an enbodi nent of the disclosed
subj ect matt er . FIIETAI 4bBBs DESGRI ¢f Bx@NpRRnRRERERREBrphRaEDIVENTS face screen

5  which may be utilized according to aspects of an embodiment of the disclosed subject
matter; )

FIG. 32 shows by way of example an illustrative graphical user interface screen
which may be utilized according to aspects of an embodiment of the disclosed subject
matter;

10 FIG. 33 shows by way of example an illustrative graphical user interface screen
which may be utilized according to aspects of an embodiment of the disclosed subject
matter;

FIG. 34 shows by way of example an illustrative graphical user interface screen -
which may be utilized according to aspects of an embodiment of the disclosed subject

15 matter;

FIG. 35 shows by way of example an illustrative graphical user interface screen
which may be utilized according to aspects of an embodiment of the disclosed subject
matter; _ |

FIG. 36 shows by way of example an illustrative graphical user interface screen

20  which may be utilized according to aspects of an embodiment of the disclosed subject
matter;

FIG:. 37 shows by way of example an i!lustrative'graphical user interface screen
which may be utilized according to aspects of an embodiment of the disclosed subject
matter;

25 . FIG. 38 shows by way of example an illustrative graphical user interface screen
which may be utilized according to aspects of an embodiment of the disclosed subject

matter;



20According to aspects of an enbodi ment of the disclosed subject matter a
Master System Controller ("MSC') architecture, conprising a software

i npl enented controller may be provided for a high power elongated thin beam
surface treatnent system e.g. an LTPS | aser annealing system as noted
above. The MSC 10, illustrated for exanple schematically in block diagram
formin Fig. 1 has controller software that can function 25as a naster
systemcontroller to control the hardware conponents of the |aser surface
treatment system as an exanple what applicants refer to as an TCZ 900X

pul sed el ongated thin beam | aser annealing system for annealing anorphous
silicon in a layer on the substrate of a workpiece, a panel to be treated
by the | aser annealing systemin an TCZ 900X | aser anneal i ng apparatus. The
MSC can control various aspects of the process, e.g., aspects of |aser
operation, the placenment of the workpiece relative to the elongated thin
beam of high power DUV irradi ation and the novenent of the worlcpiece

relative to theFl‘d.@'Q%B@ﬁ'b? Ry Jf%ﬁﬁﬂlglfe aPliMsru%ﬂiv@Efa%Eicaﬁ%ev\@kérfa%é sEtcber
aspects of the operation of the TCZ 900X machi ne.

) X . .~ Using the MSC 10
sof t war e, WpicBarybeaniizgdarewrding toewreie of ae ppeedigirgt B@‘gf é&ﬁ@?e%&é&%e j obs
t 0 processygidy con substrates and nonitor machine perfornmance. The
architecture of the MSC 10 can function in.cooperation with the TCZ 900X
appar at us. Tool FKbiidchews by ey dfexamplegndllvriative gmpbicekusst inggilacasedrient of

t he di scl ' ; apth N al fa @tion of
he TCZ 9000 T aal o aae oy h FpRoD o e e SRR A M e

oper ati on @ftigrhe TCZ 900X tool nost cost effective and at the same tine

provi de flexibi #id.mosﬁw@@%wa'[m e&gnn?@sawmu@%pé otdp8i P&l acelsclelR t OO
to varying custonmer needs, “both from custonmer to custoner and over tinme and

from use twhighanay henitiizad epeardingto aingetsiof ar pmhodiment of the discipsed slitdwi ng i s
a G ossarymyt@e@i d in the understandi ng of the operation of the 15MsC 10.

TERM DEFI NI' TI ON .
10 FIG.’ s 42A-E show by way of example in block diagram form sets of database

tables, according to aspects of an embodiment of the disclosed subject matter;

FIG.” s 43A-C shows by way of example in schematic and block diagram form a
portion of an MSC, accordirig to aspects of an embodiment of the disclosed subject
matter; and . )

15 ~  FIG. 44 shows by way of example in schematic and block diagram form a
~ portion of an MSC, according to aspects of an embodiment of the disclosed subject

matter.

DETAILED DESCRIPTION OF PREFERRED EMBCDRIMENTS

20 According to aspects of an embodiment of the disclosed subject matter a Master
System Controller (“MSC"™) architecture, comprising a software implemented controller
may be provided for a high power elongated thin beam surface treatment system, e. g. an
LTPS laser annealing system as noted above. The MSC 10, illustrated for example
schematically in block diagram form in Fig. 1 has controller software that can function

25  as amaster system controller to control the hardware components of the laser surface
treatment system, as an example what applicants refer to as an TCZ 900X pulsed
elongated thin beam laser annealing system for annealing amorpf}ous éiiicor; in a layer
on the substrate of a workpiece, a panel to be treated by the laser annealing. system in an

TCZ 900X laser annealing apparatus. The MSC can control various aspects of the



Job Job is a "Recipe" or a "Project" that can be queued in a Job queue Lot
Lot is one or nore cassette (s) each typically consisting of up to 25

wor kpi eces/ substrates. Recipe A recipe is a container of all the paraneters
for processing a substrate. In other words, it is a collection of inages.

| mrage A substrate m ght be subject to different process conditions. An

Il mge i s one set of those process conditions, e.g., pulse energy or focus
position. Project A project (job) is a sequence of tasks required to
performa particul ar mai ntenance or nonitoring activity. Task Atask is a
collection of actions wi th sequencing, branching and | ooping |ogic. Action
An action is a collection of |owlevel systemor device comands, or
possibly a call to another task. Substrate Silicone substrate is the

speci nen (wor kpi ece) for the

process, e.g., aspects of laser operation, the placement of the workpie'ce relative to the
elongated thin beam of high power DUV irradiation and the movement of the
workpiece relative to the elongated thin beam of DUV radiation, as well as other
aspects of the operation of the TCZ 900X machine. Using the MSC 10 software,

25 process engineers can define recipes and projects, execute jobs to process silicon
substrates and monitor machine performance, The architecture of the MSC 10 can
function in cooperation with the TCZ 900X apparatus. Tool components may be,
accprding to aspects of an embodiment of the disclosed subject matter, optimized for
certain aspects of operation of the TCZ 900X tool for adequately high throughput, in

10 order to make the operation of the TCZ 900X tool most cost effective and at the same
time provide flexibility of operation to easily adapt the operation of the tool to varying
customer needs, both from customer to customer and over time and from use to use
within a customer organization.

The following is a Glossary to aid in the understanding of the operation of the

15  MSC 10,
TERM DEFINITION
Job BN Job is a "Recipe” or a "Project” that can be queued in a
' Job gueue

Lot Lot is one or more cassette (s), each typically consisting
of up to 25 workpieces/substrates.

Recipe ’ A recnpe is a container of all the parameters for
processing a substrate. In other words, it is a collection
of images.

Image | A substrate might be subject to different process

: conditions. An image is one set of those process
conditions, e.g., pulse energy or focus position.

Project - A project (job) is a sequence of tasks required to perform
a particular maintenance or monitoring activity.

Task A task is a collection of actions with sequencmg,

-branching and looping logic.

Action An action is a collection of low-level systemn or device
commands, or possibly a call to another task.

Substrate Silicone substrate is the specimen (workpiece) for the

10



crystallization process Lot-To-Lot Mintenance The mai nt enance actions
requi red between one Lot and the next. | mage-To-Imge Mii ntenance Many

i mages can exist in a substrate. These can be nai ntenance actions that can
be perforned in the tinme the systemtakes to prepare for the next imge.

| mage Start Position This is the start position relative to the start
corner of the substrate Image End Position This is the end position
relative to the end corner of the substrate Image Step Size This is the
centerline distance between 2 pul ses on the beam | ongitudi nal axis. |nage
Beam Wdth The width, e.g., full width half max across a short axis of the
radi ati ng beam Substrate Rotation

crystallization process
The maintenance actions required between one Lot and

Lot-To-Lot Mzintenance

the next.

Image-To-Image
Maintenance

Many images can exist in a substrate. These can be
maintenance actions that can be performed in the time
the system takes to prepare for the next image.

Image Start Position

This is the start position relative to the start corner of the
substrate

Image End Position

This is the end position relative to the end corner of the
substrate

Image Step Size

This is the centerline distance between 2 pulses on the
beam longitudinal axis, ' :

Image Beam Width

The width, e.g., full width half max across a short axis of
the radiating beam. :

Substrate Rotation

For example a 0° or 90° orientation.

Substrate Size

-

Al substrates are rectangular. Size is defined by length
and width and thereby categorized as generations 2, 3 or
4, corresponding to industry standard substrate sizes,

Auto Focus For example, sensors, e.g., in the work stage may
measure the actual substrate location and the system may
compensate for small variations due to substrate
thickness or other causes.

Stage Height For example, the vertical position of the stage.

Recipe Recipe defines the process parameters used to crystallize

a substrate,

Project Schedule

Some projects (especially monitoring projects) might be
run on a periodic basis, The project schedule specifies
when to run the project: daily, weekly or monthly. To
ensure that the machine is operational when a scheduled
project is run, scheduled projects can be run before the
first substrate of the day is processed.

Project Manager

Project Manager is the MSC module that helps Process
Engineers create, modify and delete projects.

Recipe Manager

Recipe manager is the MSC module that helps Process
Engineers to create/modify/delete recipes which may
include images.

Process manager is the MSC module that helps Process

Process Manager/Job

il




For exanple a 00 or 900 orientation.

rect angul

generations 2, 3 or 4,
Aut o Focus For exanpl e,

act ual

vari ations due to substrate thickness or
position of the stage.
process paraneters used to crystallize a substrate,

exanpl e,

Substrate Size , A

substrates are

ar. Size is defined by length and width and thereby categorized as

the vertica

sensors,

e.g.,

ot her causes.

corresponding to industry standard substrate sizes,
in the work stage may neasure the
substrate |l ocation and the system nay conpensate for snal
St age Hei ght For
Reci pe Reci pe defines the
Proj ect Schedul e Sone

projects (especially nonitoring projects) mght be run on a periodic basis,

The project schedule specifies when to run the project:
nonthly. To ensure that the machine is operational
schedul ed projects can be run before the first substrate of the day
I's the MSC nodul e that hel ps

IS run,

I s processed. Project Mnager

manager i

Proj ect Manager

daily, weekly or
when a schedul ed project

Process Engi neers create, nodify and del ete projects. Reci pe Manager Reci pe
SMbtgzeMSC nodul e t hat @%b rH Qe Femb gt @ prdjbets and recipes in
creat e/ mydi fy/ del-ete reci pes w H@euk: qgh;gglgnbmgmesslgt@@@%g tvepager [ Job

and stop the job queue.

- Device Ready State

This is the state of a device when all initial conditions
necessary to perform a task (of interest) are met, This
varies by device and task,

LTPS Low Temperature Poly Silicone
thSLS Thin beam sequential lateral solidification.
MSC Master System Controller. This is a Linux PC-based

solution with custom architecture and software to control
the laser surface treatment tool,

Process Engineer

An Process Engineer is an individual who performs the
day-to-day production operations, .g., processing
substrates. Process Engineers have restricted access to
the system.

Ficld Service Engineer

A Field Service Engineer is an individual who performs
daily process optimization and performance monitoring
operations. These can be system vendor trained
engineers who have some additional access to the
system.

Administrator

An Administrator is an individual who performs
occasional troubleshooting and performance operations.
They have full access to the system.

Process Optimization

This is the iterative process of deciding details of process
parameters prior to a production substrate process.

MES Manufacturing Execution Systems

SEMI Semiconductor Equipment and Materials Supphers
Forum

SECS SEMI Equipment Communication Standard

GEMS

Generic Equipment Model

According to aspects of an embodiment of the disclosed subject matter an MSC

10 may consist of two or more major software components, a means 20 for issuing

device commands and checking device conditions, such as a status, with, e.g., daemon

process, and a graphical user interface (“GUI”) 40 that allows users to define recipes

and execute jobs. According to aspects of an embodiment of the disclosed subject

matter the MSC 10 may use a database(s) to store its data persistently. The database(s)

may use two schemas, a read-only generic (OEM) schema, that can contain system

12



Process manager is the MSC nodul e that hel ps Process Manager , Engi neers
to add/ renove/reorder projects and recipes in the job queue. It also allows
Process Engineers to start and stop the job queue. Device Ready State .
This is the state of a device when all initial conditions necessary to
performa task (of interest) are nmet. This varies by device and task. LIPS
Low Tenperature Poly Silicone tbSLS Thin beam sequential | ateral
solidification. MSC. Master System Controller. This is a Linux PC based
solution with customarchitecture and software to control the |aser surface
treatnment tool. Process Engi neer An Process Engineer is an individual who
performs the day-to-day production operations, e.g., processing substrates.
Process Engi neers have restricted access to the system Field Service
Engi neer A Field Service Engineer is an individual who perforns daily
process optim zation and performance nonitoring operations. These can be
system vendor trained engi neers who have sone additional access to the
specific information, and a read-write user specific (MSC) schema that contains user

specific information.

The MSC controller 10 may communicate with the majority of the devices using
a specific communication protocol, e.g., over TCP/IP sockets, and may do so also with

5  the GUI user interface.

The MSC 10 can be described at the architecture and design lcvelé respectively,
including the server, communication, user interface and database aspects of the system.

The following terms and acronyms may be utilized in describing the operation
and design of the MSC controller10.

10 Daemon Process: a computer process running on a server machine that
continuously checks device status and issues device commands
on user request;

OEM Schema: a read-only schema that contains manufacturer provided

relatively static information;

15 MSC Schema: aread-write schema that contains user provided recipe
definitions;
ICES Database: ' arelational database, containing the MSC Schema and the OEM-
séhema; ' |
MES: Manufacturing Execution Systems;
20 SEMI: Semiconductor Equipment and Materials International Standards;
SECS/GEM: SEMI Equipment Communication Standard and Generic '

Equipment Model Interfaces.
According to aspects of an embodi:ﬁent of the disclosed subject matter high- -
level features contributing to the structure and operation of the architecture can include
25  Project Scheduling, Security and Access Control, Module Concept (Lifetime Counters),
Workflow, MES Interface using SEMI SECS/GEM Standards, Reporting and

Performance.

13



system An Administrator is an individual who perforns occasional

t roubl eshooti ng and perfornance operations. They have full access to the
system Adm nistrator Process Optim zation This is the iterative process
of deciding details of process paraneters prior to a production substiate
process. MES Manufacturing Execution Systens SEM Sem conductor Equi pnent
and Materials Suppliers Forum SECS SEM Equi prment Communi cati on Standard
GEMS Generic Equi pnent Model Accordi ng to aspects of an enbodi nent
of the disclosed subject nmatter an MSC 10 may consist of two or nore ngjor
sof tware conponents, a neans 20 for issuing device commands and checki ng
devi ce conditions, such as a status, with, e.g., daenon 5process, and a
graphi cal user interface ("GU ") 40 that allows users to define recipes and
execute jobs. According to aspects of an enbodi nent of the disclosed

subj ect matter the MSC 10 may use a database(s) to store its data
persistently. The database(s) nmay use two schenmas, a read-only generic

(CEM schenm, tRadorginid t6 @fHedisbfaN Sh@BHiment of the disclosed subject matter these can
provide project scheduling, both event and schedule based, security and access control,
flexible and generic introduction of modules, monitoring of modules, rather than just
devices, screens for module replacement, flexible and generic mechanism(s) for lifetime

5  counters, display of maintenance counters in status tabs as value and téxt, custom
project screens for diagnosis, download and control, integration with customer MES 80
using SEMI SECS/GEM Interfaces, project reporting, scheduling and folder/file

structure, land performance metrics.
Such features may be implemented using the following high-leve! components:
10 Project Scheduling: Server — Project Scheduling;
Security and Acess Control: , GUI Security-Management;
Server — Security Manageﬁlent;
Module Concept (Lifetime Counters): "GUI — System Configuration Management;
GUI — Report Mangement;
15 e GUI - Job Manag;ament;
Workflow: GUI - Project Management;
GUT - Workflow Engine;

GUI —~ Report Management

MES Interface: Server — MES Interfacé;
20 Reporting: GUI - Report Management;
Performance: . Server — Job Processing.

The MSC 10 may use a hybﬁd approach to the architectural question of whether
to use threads or processes, e.g., 1o divide the work done. In this approach the core
tasks run in threads inside a single process, but the coding of the tasks can actually be

25  single threaded. This may be made possible by each thread having its own message

14



specific information, and a read-wite user specific (MSC) schena that
contains user specific information. The MSC controller 10 may
comunicate with the majority of the devices using a specific conmunication
protocol, e.g., over TCP/IP sockets, and may do so also with 5the GU user

I nterface. The MSC 10 can be described at the architecture and design

| evel s respectively, including the server, conmunication, user interface
and dat abase aspects of the system The following terns and acronyns nay be
utilized in describing the operation and design of the MSC controllerl10. |lo
Daenmon Process:a conmputer process running on a server machine that
continuously checks device status and i ssues devi ce commands on user
request; OEM Schenma: a read-only scherma that contains manufacturer provided
relatively static information; 15M5C Scherma:a read-wite schema that
contai ns user provided recipe definitions; |CE9 Database:a relational

dat abase, containing the MSC Schema and the OEM schemm; MES: Manuf act uri ng

Execut i on phygt €Wih 2 208EMe GRUE 6N HE6IaRE 1dog) ITHERREss@dtthuMRd €4n bsntially
Ith ernati ,Orga%!e tf?;[z ggc%gsr t%stiie E\E%/ecg%mglzbut n%%yk;lgcnk?r?é. %cmi?llg%g taslp%Qts %tfgﬂdar d and
neric ; ?
embodiment of the disclosed subject matters in the control application of the MSC 10
such a hybrid approach can give the best of both worlds (threads vs. processes).

5 According to aspects of an embodiment of the disclosed subject matter multiple
threads may be used for interfaces on a one thread per device interface approach. This
approach can make the device interface more responsive for communication needs -
instead of relying on a single thread to control all devices, As explained above,
synchronization is not an issue because each device interface can have its own message

10 pump that can provide non-blocking sequential access. The presence of a message
pump can also desirably make the code of the dev}ce interface single threaded,

According to aspects of an embodiment of the disclosed subject matter the MSC
10 may incorporate a method to notify the user that an error has occwrred. For example
the design may handle errors using the message pump, like any other messages.

15 However, an error messages can be assigned special pridrity. As aresult, an error .
message can be processed immediately from the message queue even though it is not at
lthe front of the queue. Using dther approaches such as using signals to interrupt threads
might leave the resources and objects in MSC 10 in an unknawn state. To ensure that
the MSC 10 may be responsive to error messages and user interrupts blocking calls may

20 be eliminated from the MSC 10 and the message loop can be serviced within some
acceptable time limit.

According to aspects of an embodiment of the disclosed subject matter design
engineers may use a seripting languag.e to define tasks and store them in the OEM
database. Also the MSC 10 may only poll the devices, i.e., no interrupts from the

25  devices can be used for read-only access. A device also might have only a single
communication channel for both control and diagnostics. Therefore no scripting may
be needed for the status loop logic, multiple scripting interpreters in a single process

and parallel threads may be avoided.
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Equi prent Model Interfaces. According to aspects of an enbodi nent of
the di scl osed subject matter high-level features contributing to the
structure and operation of the architecture can include 25Project
Schedul i ng, Security and Access Control, Mdule Concept (Lifetine
Counters), Wirkflow, NEES Interface using SEM SECS/ GEM St andar ds,
Reporting and Performance. According to aspects of an enbodi nent of
t he di scl osed subject matter these can provide project scheduling, both
event and schedul e based, security and access control, flexible and generic
I ntroduction of nodul es, nonitoring of nodul es, rather than just devices,
screens for nodul e replacenent, flexible and generic nechani sn(s) for
lifetime S5counters, display of naintenance counters in status tabs as val ue
and text, custom project screens for diagnosis, downl oad and control,
integration with customer MES 80 using SEM SECS/ GEM Interfaces, project
reporting, scheduling and folder/file structure, and perfornance metrics.

Such features msbmznmbmwmsuﬁmgd&&ﬂlemsm\mme Kipaiitd eghusRARenent s:
10Pr oj ect S hed ect Scheduling; Security and Acess

Ser.ver - Pr oj
Control : GUI° E*rﬁl*)fgorﬁﬁﬁ%&aéﬁl&sﬂ&t@éﬁwthere@@m%ﬁomﬁ%&éﬁgfﬁm%‘fdm e

Concept ( Lithredd p&r c@QW@tlﬁfeﬁﬁcMn o SreansCantlk Q@é&ﬁ'ﬂbp%&%ﬂ@f@@:ﬁnm@e‘i‘
I 0] ec

b&eport Nh%?éiymes ‘gyc rJob nagenent ; Wor kfl ow. GU
nagenent 0 1o comr g fae otee) for disgresticariPagusFepplicants have
5 elected t use one per device for certain performance reasons. According to aspects of an
embodiment of the disc}osed subject matter certain constraints were recognized and
accounted for by applié:a.nts. For example, the controller system can use a generic
.mechanism to issue device commands corresponding to the high level actions
independently of the device types. Device comménds can be stored in a database or file
10 rather than hard-wired in the code. Image parameters may be added to the image |
without coding modifications, e.g., to the user interface screens,

The number and type of the task parameters may be varied from task to task, and
adding additional tasks or changing number/type of task parameters does not involve
coding modifications to the user interface screens. TCP-IP can be the main type of

15 communication to the devices. The system can also be responsive and not block when
waiting to get response from devices. The éystem can use a éeneﬁc and flexible
mechanism to represent modules and update their maintenance counters, and can
perform parallel processing, if necessary, during the working of the apparatus being
controlled during an TCZ 900X crystallization process, €.g., to maximize the

20  throughput. The system also provides a generic workflow engine to allow users to
define, execute, and report projects. The system uses SEMI SECS/GEM interfaces to
communicate with MES 80,

According to aspects of an embodiment of the disclosed subject matter the MISC
10 software controller may be utilized with the folléwing hardware, an AMD Opteron

25  x86-64Bit Dual Processor CPU, a RAM, a RAID_i SCSI, a RAID 1 Sata, a Video Card,
an NIC, and a Touch Screen Monitor. The sysfem may also employ an operating
system, such as Linux Fedora, a relational da.tabase such as a Postgres Relational .
DBMS and a Scripting Engine such as Python, |
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M ES Interface: Server - NEES Interface; 20 Reporting: GJ -Report
Managenent ; Perfornmance: Server - Job Processing, The MSC 10 nay use a
hybri d approach to the architectural question of whether to use threads or
processes, e.g., to divide the work done. In this approach the core tasks
run in threads inside a single process, but the coding of the tasks can
actually be 25single threaded. This may be nmade possi ble by each thread
having its own nessage punp ( with a nmessage queue and nessage | oop). The
nmessage punp can essentially make the access to the task sequential, but
non- bl ocki ng. According to aspects of an enbodi nent of the discl osed
subject matters in the control application of the MSC 10 such a hybrid
approach can give the best of both worlds (threads vs. processes).
5According to aspects of an enbodi nent of the disclosed subject matter

mul tiple threads may be used for interfaces on a one thread per device

i nterface approach. This approach can make the device interface nore

responsive for &@iﬂfﬂhﬂ%ﬁ@héﬁé@ts@ﬁ%ﬂ%nﬂb@@ﬁﬁe@i@lo@fherc@ic}’dseﬂs@je@-nﬁitt@gﬂﬁ MBcead to
control all]_ devices expl ai ned above nchroni zation i s not an issue

because eaHh”@%@FGEWFH?%?Fﬁﬁgxggﬁﬂh%%% |$§%6ﬁﬁ“ﬂﬁ?§@§@mﬁbﬁﬁ%ﬁCP% £ can

provi de noifubkAEKAMDRREHUESY bi2lvaR 6£&&Ipld NG AR ARNGRk e BadiBESANURs PUNP Can
al so desirgbly make the code of the device |nterf%ge S|n%le t hr eaded.

Accor di ng '854BsctaNcsr dagranh SarpeRent siagraras and s g 2RSSR ¢ he

MsC 10 SWHYmHH@Qﬂ’e@@ft%fJ@h@nBﬁt Redoldmgnetakfebtst dranUsiodinalt ofhellisddésebas
occurred. t exanple the design nay handl.e errors usi

t he ness punp,
li ke any o% et W@@g@@@gngf%mwr errgrnagling appEcqyiy B@gﬁ %@%g?%ﬁ'&h

speci al priddthet-asP&tPof 188 WG 18Rn oL PR SHAGR ﬁﬁ&pb%eﬁ%@&ﬁ@@t
|nned|ateI&.fron1t message gueue even thou h it not _at front of

the queue.“dndPregrhehindAnpdsaveehaser Hr°§§e‘i§‘é’ier?§d§l’§’i"i‘gf’% of Blelhﬁ% MPupt

threads m ght |gayRdinBeo h§RRUITRE eﬁﬁ@dﬁﬁ%n@@?ﬁle‘d?sd}@@d%@b_}bﬂ n@diteH BK NOWN
state. To ensure that the MSC 10 may be responsive to error nessages and

user i Ift er PAFHYIEW I SRS RItSAITE EnayejarD i thy faﬁi that 8 fppchieneie oS40 and the
nessage | OQIwANmA® b PENHiEE L AL 1BASE 15O BBD-level components a Server Daemon

Process and a GUI Client. The Server Daemon Process, e.g., server 20 in FIG. 1 can be
responsible for executing the device commands and monitoring the status of the
devices, while the GUI Client, e.g,. GUI 40 in FIG. 1 can be responsible for taking user

15 specific information recipe definitions from the user and sending user commands to the
Server Daemon Process 40. The GUI Client 10 can also display the status of the devices
and the progress of the crystallization process to the user. An example of a top level
design for an MSC system can be seen in FIG.’ s 1 and 2, indicating an illustrative set
of major components of the system 10 and their relationships.

20 According to aspects of an embodiment of the disclosed subject matter, as the
block diagrams of FIGS. 1 and 2 show, an OEM schema database 22 may be separated
from an MSC schema database 24, This may be because the OEM schema database 22
may contain read-only information, e.g., data task definitions data. The tool users can
be not expected to modify it. By keeping the OEM schema data separate from the MSC

25 . schema data, it may be easy to upgrade the system with new task definitions from the
work system supplier, e.g., the MSC system manufacturer (the OEM) and also easier,
e.g., for the overall system to be customized to a particular user’s needs, e.g., the best
way to optimize for throughput for the user’s particular manufacturing system being

controlled and other needs.
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acceptable tinme [imt. According to aspects of an enbodi nent of the

di scl osed subject matter design engineers nmay use a scripting | anguage to
define tasks and store themin the CEM database. Al so the MSC 10 may only
poll the devices, i.e., no interrupts fromthe 25devi ces can be used for
read-only access. A device also m ght have only a single comunication
channel for both control and diagnostics. Therefore no scripting may be
needed for the status loop logic, nmultiple scripting interpreters in a
single process and parallel threads nay be avoi ded. Assum ng that al
devices attached to the MSC 10 have separate conmuni cati on channels for
control and diagnostics, then there nmay be al so no need to create one
thread per device interface. Only two threads can be needed i ndependent of
t he nunber of devices, one for control and the other for diagnostics,
however, applicants have 5elected t use one per device for certain
performance reasons. According to aspects of - an enbodi nent of the discl osed
subj ect matter aAsrshaivn it BIG.Lrthe MSC Seli@nd mamlg&ﬂabamztamgbaﬂxeﬁed @ra by

applicants anpl the co | er s m can C nechanlsm
PP Loan oyl St et e oD erieri e i 2 G Re i ahdes
i ndependenfubgyaémtd3e, seviery wegem@ﬁ\sums&ﬁmmndsﬂgm Nognagéégd in a
dat abase or file #gérgéher tha hard-w red in e COd§70| g§ araneters
may be addBPSYLP éﬁe%“?ﬁ Fratioy agFﬁ’Eﬁ”ftF 'R é'mng %Yo the user
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to get r esWB‘r‘fgé”?}f g@ﬁﬁ@?y lﬂerfé’“g%?‘i% the MRfs gclie #?éﬁﬂ? g‘h B bl e
mechani sm rqmmoesa%d Weﬁﬁ:@ﬂﬂuﬁlﬂﬂﬁ%ﬂ\dﬁh@geheﬂﬁwﬂ&%ﬁqm f}@uurgrﬂrhé , and
can perfor roce S|ng i f necessary, during the working of the,

par al | el
appar at%s ﬁﬁ%ﬁ’?ﬁ%ﬁ enbY W?’H&"’%ﬁ“dréﬂzo @eeszm&cgﬁéttw Y& %W%F’%‘E%%s
e.g., to nadisystza zsbeh;%@gmﬂ@t@h@ut:ommau@atﬁ)h@mﬁgsmesﬁxrmsﬁ&@ BO@eEngS i C

wor kf 1 ow el{}%l('p gatggasgzh%yua SGOr ge |tn communication with a Report Management subsystem
290 that can be connected to the Project Management subsystem 236 through a
Workflow Engine subsystern 280.

15 . According to aspects of an embodiment of the disclosed subject matter
architecture task definitions can be stored as macros or scripts in a database, According
to the architecture, a command interpreter may be utilized to parse those task definitions
and execute the device commands. By storing ,e.g., task definitions as macros or scripts
(collectively referred to herein as scripts) in a database, the logic of the master

20 controller can be moved from compiled code into data in a database. This can provide a
flexible approach to change the functionality and intelligence of the master system
controller 10 on the fly without recompiling the code of MSC sofiware.

As can be discussed below in the process view of the architecture, each
subsystem can have its own message pump with a message queue and message loop.

25 The use of such a message pump essentially serializes access to the subsystems thereby
making them single threaded. Only a few service subsystems have no message pump in
them and they can be multi-threaded. Single threaded systems have no sync}}ronization

issues. They can be also easy to code and maintain. The device interfaces may run in

their own threads. The job processor makes non-blocking calls to the devices interfaces.
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define, execute, and report projects. The system uses SEM SECS/ GEM
interfaces to conmunicate with MES 80. According to aspects of an
enbodi ment of the disclosed subject natter the MSC 10 software controller
may be utilized with the foll ow ng hardware, an AVD Opteron 25 x86-64Bit
Dual Processor CPU, a RAM a RAID | SCSI, a RAID 1 Sata, a Video Card, an
NI C, and a Touch Screen Mnitor. The system may al so enpl oy an operati ng
system such as Linux Fedora, a relational database such as a Postgres
Rel ational DBMS and a Scripting Engi ne such as Python. According to
aspects of an enbodi ment of the disclosed subject matter the MSC 10 may be
obj ect-oriented and UML based. Such an architecture and design can be
illustrated and understood by way of exanple utilizing the package

di agranms, class diagranms, sequence diagranms, conponent diagranms and

depl oynent di agranms di scussed 5in the present application. According to
aspects of an embodi ment of the disclosed subject matter, anmpng other

i ssues, erre Erdwwé bRsRBAY FREME Tbm ﬁ@giot; ;B}%cés@aame ridh- bwadihgam]sqhme
aspects of e MSC iﬂgon t hr oughput haps the two_dom pant

driving { opES BB ‘h‘ﬁﬁ?ﬂ?&‘r&wfé’ﬁ&ﬂ%ﬁ 18rf&%i ?%&k"ﬁﬁfaéwﬁh’odeéﬁét?eétlis&ﬂ% 'BF the

MBC 10. ACﬁﬂldexﬁl@v'bﬁzsaﬁ@ﬂ@élle@\fv Prac&B sl Btk Vabw! D&M phedn® Vesy 8HD] ect
matter an foovervi ew of the chitecture maé_astart with the fact that the

functi onal F@}O&P@ﬂfs‘é%ﬁ%ﬁ&ewow inFYided by at | east two top-Ievel

conponents a Semasrdw@amapéatmmnﬁmmeenﬁe%th@d@msed Jihgecoaiaver, aDagienn
server 20 in FILG can be responsible for executing the

Process, e.

devi ce conﬂgﬁ@sooeﬁ?a lmﬁwafeohq*ﬁaﬂetsw&te@tﬂ&@ﬁgseéfh@c fractnnp] reguireppnRts e% thee Ul
Client, e ®SC R It4hy Bt 4 &3] edt ncoa@l &8hé 3@53%1{15@@@ dfler bakidadiugedted in
155pe0|f|c i nformation recipe definitions om t he user and ndi ng_ user

commands t B & he ! gafdeth eﬁaﬁ%wgwpﬁweg@tmay e gareof theylpgirg! vigy e an M

di splay thgsehatosAGbbhh@agevioc §50 AR cdhprify gata&%p&ffosm»ﬁsagé@b} pgation
process to t he user. An exanple of a top leve deS|?n for an MSC systen1can

be seel i nlt{E}ag resrong tg ggntsol m?fa?%saﬁowhaﬁlﬂﬂwtdr% r9kiok greHtioRmjioiob

conponent sp@tedsbed S B3 b b QoRPlsd the WorliRt R fONS MR SeysRGA6GA- G0Nt gy aspect s
of an enbodi ment. of the di scl osed subject matter, as the block dia rams of

FIGS. 1 anBKesuieliphs usips oENNEEA IteamiuRdde 222 Rilhob &videspimmpsra basksan MsC
schena dat ﬁ@[ﬂsdacczﬂmaﬂmh&awﬁ%ag@gepgp@uﬁ% dgmEkM sphaian dat ehasRrigdd My

contain read-only information, e.g., data task definitions data. The tool
users can B ﬁf@ﬂlp%ﬂﬁc@eé'écetf&mmﬁdﬁ;fw commRniGRion; Wigh deviccortiaedrarmandtat a

separaie ffop MhfaRRnMEEwidths SIRTR0 dAd Sstdnt cdBNahREs ©BBnkihisHROVAHehd mcsyst em
Wi th new task definitions fromthe work system supplier, e.g., the MC

syst em mantf at 14t Jfﬁtw&f@smﬂé?ﬁaa}afa%t% eempleénegﬂtatwrwrf d@ﬁé“ﬁ\‘i’é%rtﬂsi system

to be custom zednt @ %o@@ﬂé%@é’in@é’rfa‘é@se'éuc'ﬁ e@@@s‘é?mtﬁ’f&e 330 "RaRastrMey 338
optim ze for throu% P for the user's gartlcu ar_manufacturin (ystem
(RtlGhy

bei ng, cont P&iiFeefst ﬁ@(ﬂ)ﬁb@%mterﬁace 334, beam stabilization controller (¢
interface 336, Attenuator 338 interface 338, subsystem n-1 interface 340 and subsystem

20 ninterface 342 may be used to communicate with such physical or logical devices in an

| TCZ 900X apparatus, as denoted. The device interfaces may also'provide a high level
abstraction for communication between devices and the MSC server 10, All
communication to devices processed within the MSC system server 20 may be done
using Neutral Language Format (NLF), the NLF commands (otherwise referred to

25  herein as “generic commands”) may then be converted into Device Format (DF)
specific commands (“device specific commands™) for each specific device and sent to
such device over the respective device interface 330-342. A status manager 50, 350

~ may monitor the status of devices through device interfaces 330-342. The status

manager 350 may also log status messages in MSC server 20. A Ul communications
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As shown in FIG 2 the MSC Schena read-only database 24 may be |linked to a
plurality of subsystens, e.g., a Lot Managenent subsystem 230, a Recipe
Managenment subsystem 232, a Security Managenent subsystem 234, a Project
Managenment subsystem 236, a System configurati on Managenent subsystem 270
and a Job 5 Processing subsystem 42. The OEM Schenma read-only dat abase 26
may al so be connected to the Reci pe Managenent subsystem 232, the Security
Managenent subsystem 234 and the Project Managenent subsystem 236. An
external server 20, which may be a HOST, may be connected to the MSC Schenm
dat abase 24 through a TCP?I P socket and a Server Conmuni cati on Managenent
subsystem 100 t hrough the to Process Managenent subsystem 240 and al so be
connected to an Event Managenent subsystem 250 through the server
Communi cat i on Managenent subsystem 100. The MSC dat abase 24 nmay al so be in
comuni cation with a Report Managenent subsystem 290 that can be connected
to the Project Managenent subsystem 236 through a Workfl ow Engi ne subsystem

280. 15Accoadidid 6003 ASREE FiilRhte 2B BRNNEHHTR Heren tE& 2B g DB 48Ubj ect
mat t er archltecture task definitions can be stored as nacros or scripts in

a dat abaseleRRRZPHePYTRITE O HEHHOmERIRFEIONgY eshar g 9B R ¥tISF nay be

utilized tfép@&r@%ﬁm%&ﬂ%cﬁ.%fmﬁa&decmrsh@eslms&%ﬂ;n% bbesdewimeceermEands.
task definitions as macros or scrlpts (collectively

By storing g[é;t
referred t& hér @Grmlcepmdanpeript 3da fenfeslol MRBASHHNE 20f t he nmst er

20cont rol | gisERRCBR MY SE el 6700 MR tRGk O8N RnHdf Reiddgd rF]§§ gb@send This
can provide a flexible approach to change the functlonallgy and

i nt el | i gen®¥ Btthe NSGreesvarlsiat bay cambe bi-fisectippaloStatnermesspaes bRYater
reconpi | i ngat, r&ﬁ!}célfi@ut@(f sMREr 50 LYK & can be umcf\ﬁecﬁ@rﬂil be, glis %H§§ &flc RalePW i N

the process view of the architecture, each subsystem can have its own
nmessage pu%%mﬁvtw'afq@&aﬁbtoqﬁ@a@ PPRINHBISARDN (RIBRELIOTHEAURSE APrYERACR

nessage pugghe@sisens, 1o |n¥ay31§‘er us%h ke @&e@&l‘é%@ﬁwhomtaﬂ@en%%ts ¥SLRIE:, biishehve mak| ng
t hem si ngl e t hr eaded. Onl y a few service subsystens have no nessa in

them atfdl ¢ #Eyo TREEIAsmaREA ePOE Paises Tas negiodicidiotisn selesd Hiaeot ﬁé%‘%ﬁa
synchroni zgt b @Bily, SSses, orTﬂﬂsa{mmsréeoraAa%a &fsmd &h&%@a %ngd HRigY: 8k ﬁulsérshe

devi ce |nterfaces may run in their owm threads. The job processor nakes
non- bl ocki W§duead &y ths lasee n@é\bﬁb@%l’ﬁﬁﬂseﬁfﬁ%é@ or tfr%iﬂm o&nsa@ray eHeicgSdond

response f:emnta%rm@e &.-rc N%'Szﬁﬁraccéég%oﬁ‘f?& @Jmnﬂeatﬁ?glxéu%a&%ggﬁsd&%%ssary A

hi gh | evel desig may be 11 l'ustratively descri u3|ng t he
fol | owi ng $9ndeal lna_wre%ﬁap systeqy feqpiss & thevsewifr lavat & evieniroliiey bisdp madthevi ew

and Depl oygmnty t\c{&\“ﬁor&l%&?&iﬁtdtp&% 1¥n§ﬂ§?éé‘és‘tﬂer}\d§bQO Basad bn, éé‘c%ﬁgb{‘ﬂ) Ld

aspects of an di nent di scl et matter. a logical view
300 can i | #Betisedongupchine aypiatdhiyoandribe ke thmcomﬁémemaranpe whighelst s of

the MSC 1 I server 20 side,
iliustrat glaotltﬁe IE:@%\(Q%{%S AEQ&OI{mQﬁfMﬁﬁgymhﬁteggééﬁnme%s&ﬁgig part of the

| ogi cal viSWBENEALINSD wsﬁw&@m%syﬁ@nmgm M3 B8 GG %mrfafré a
gat ekeepergfQlardhe MSC server 20. tolt may respond to control nessages from
the GU 40 and control job execution. A jobfprocessor 42, 312, may conprise
the wotkhor se of\ceprdingse aspastseth apesnyadipent qft thwgigelesedsublscy BBEerai ng a

command i neHBRIrRErIdA AL proaxdé’aR»J?@lm We stanepmﬂ@lu@;ﬂgl aBAGkSs bdrpRLa
command | i brary manager he command cal | backs nm e categori zed
Oto provxde an object discovery facility in the MSC server 20, a data access service
420 to provide a high level abstraction for data access in the MSC server 20, a thread
service 430 to provide high level threading and synchronization facilities in the MSC
25  server 20, and a message service 440 to facilitate communication among major

components in the MSC server 20. As noted above, there can be two databases in the
MSC controller system, the read-only OEM database 22, which may contain system
defined tasks and parameters and the read-write MSC database 24, which may contain

user-modified data, e.g., for recipes, lots, projects, and jobs. In addition to the
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into groups, e.g., device conmmands for comuni cation wth devices, data
commands 15 for data transfer with the MSC 10 and system comrands to
comuni cate with the MSC 10. A data object nanager 320 rmay facilitate the

i npl ement ati on of data conmands. One or nore device interfaces, such
as laser interface 330, stage interface 332, nmaster distribution ("MD') box
interface 334, beam stabilization controller ("BSC') interface 336,
Attenuator 338 interface 338, subsystemn-1 interface 340 and subsystem 20n
interface 342 may be used to conmunicate with such physical or |ogical
devices in an TCZ 900X apparatus, as denoted. The device interfaces may

al so provide a high | evel abstraction for conmuni cati on between devi ces and
the MSC server 10. All comuni cation to devices processed within the MSC
system server 20 may be done using Neutral Language Format (NLF), the NLF
commands (otherwi se referred to 25herein as "generic connands") may then be
converted into Device Format (DF) specific commands ("device specific
COMMANAS" ) - RhciRAGHo HREE el LIRS SeAR, ARTHer g%gm LB ]%Y(%Eloﬁ he
respective device |nter ace 330-3 A-status nager % may nonitor

t he st at ustogic anéviataeascessmaghe @télwefé by nﬁlegmaeéc%ﬁ)%mf 15Y%)) b@la@ms manager

350 may al i.ons
manager ag:f%%gvnh%/@%%m EFH?%? (g&itgrl#rﬁ%ca I [) %&%gﬁhggartgw}?&g% 40.
Dependi ng mh@ﬁeonplegmose of the comuni cati on whether it is for control or

f t f d
0 NEC server s0ctamg TRt Bl i ARG BT SRR R TS o
a 5 Ul St atabCafnidenidlystiratedin BID' s £ end étﬂaﬁt womagwne@@mayche mpsskelges may
go in and QuioHia N8y Nﬁ@ls%ew%nr%ﬂer éals?en% }\P@é‘g& ?%613'10 9!39 ‘:as&tv‘e%'al

St at us nessages, however can be

uni di rect |aih>a*r usermtomcate wﬁe@; detltte, wpyand 2@St¢rafa,mlwalatld their 8&910164@?1 tn@)aaeﬁl tiate
a comuni £5t C I y be
used to sc 6 act I Vi }t&g’? n‘%l nt eng%rc%O% %1?%4%9&5 %D%?%érﬁaaéﬁmsﬁmga
perfor Wand@romfﬁan térmg qfsp§temtsyphliad t&qs |uemg¢h@6u5t4ﬁean@é$ceaﬂoeduserm@ of

execut i Ogb‘gjrav@]@’d%%'f YeheGRK dy cp?lé,eEEQ H}Ho\é I\Qﬁﬁfogr/ﬁr ng&%ﬁg?a%gr Magtah(%f dat a,

e.g., nu ses produ € l'aser, anel s processed or
the i ke wsesseolspreiaw dsbercwmdwanm:@cwayomrﬁnmm eyt ds, ﬁ";zembébrawess
control i i .ng/ ess to

Syst em fea eég?!s‘%é fn%g agk% ai‘i‘éws’eis%b 'ﬂglt Li%é‘ifn?e é‘{‘eﬂao JBE Q%ch'u&g ?gcg 1 the

15ability Jt}b/pp@efs&manmﬁa@ mwrréwaﬂllombum egrunhie sﬂbﬁcstdmamgﬁafb%@admobe g.,

t he usgr h i chj I |I|t ik t he
scope lgf tcﬁe&ggg ra éﬁc}e SP%OP% B?%F %e’%lb's}apocefse a%? (;!n%mg%% P%at ion. An
| VIES 80 imteré awod,@@asms pe avd ﬂenctmTMSﬂ mtferdm) thoughd sérveneaatodr nal

syst emns, %Eﬁ to
aspects ofecogr}l Lelngétgg] $"°8 e di s {)egél{ ?E%&QII&QQ&%{ dvelrgvgof

servi ces regfubmepsages ﬁtemthpMﬁCBlsarlvre %bwﬁethe%rvarldmlguchtng commaricatoser vi ce
410 to pr [ L L in.t ryer. 20 a data
access se%%ﬁge@%@%ggrs&% %gpdés%ﬁixam%}e%/%ﬁwa eE?%E%P%!g%’ efsgf' %getﬁnglgg’ccess in
the MBG seweventy2d naessargeemdtesmr $isygeh3@nfiguption ndwadrr §A0 Ineyedl lophwsesdiong  and

synchroni %ﬂ&dafé’}hé @é:\jek}dlhles%s{e% é&%gﬁféﬁon and device configuration information.

System configuration information changes may be applied immediately in the GUI 40
and server 20 by refreshing tile cached values. Device configuration changes may be
applied when the devices can be reconnected or when appropriate jobs can be executed.

25 The server communication manager 540, 560 may facilitates communication between
GUI 40 and server 20. Depending on the purpose.of communication, whether it is for
control or for reporting status, more than one instance of this component may be used in
the GUI 40 the server control communication manager 540 for control messages and the

server status communication manager 5360 for status messages. Control messages may
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25server 20, and a nmessage service 440 to facilitate communicati on anong
maj or conponents in the MSC server 20. As noted above, there can be two

dat abases in the MSC controller system the read-only OEM dat abase 22,

whi ch may contain system defined tasks and paraneters and the read-wite
MSC dat abase 24, which may contain user-nodified data, e.g., for recipes,

| ots, projects, and jobs. In addition to the abstraction provided the data
access service, further separation between application |ogic and data
access may be achieved by using Data Access (bject (DAG hel per cl asses,

whi ch can contain code to retrieve and update data in the database, w thout
any application logic. 5According to aspects of an enbodi nent of the

di scl osed subject matter, on the GU 40 side, illustrated in FIG' s2 and 3
the foll owi ng conmponents may be a part of the |ogical view of MSC 10
controller system A recipe manager 510 nmay serve to allow users to create,
update, delete, copy and paste recipes and their associated i nages using
the GU 405, B REQUEEE HERNFOA, nQZQaI{TEé’b@Jh'r&WoHaﬂerS%at&@m%s%@éﬁnaW&ﬂ?tc@meand

del ete 10projects in terns of s stem suppl i ed ‘tasks using the GJ 40,,and
al so al | ovPUiSEMSE serpeiodl: dte,, can B unidisersthuple dnfookh ¢asey, EEW§VerAth96?ﬂﬂ

Manager / Pr @R easatfRAARhn A n TINAISONHSRDS b driifiBuidlel £bgurieor der, and

execute jobs fromt e J ob/ process managlty may_ al'so al |l ow
users to happager 88Qmey provadrierulivtandaseessicortiol Hyeuf waw@é@gh%ﬁa@er 530

may al $0 a&ée&‘é&ddorhéy 190 Béntfdf Bedels t%ttﬁp s?érﬂ?@db s B &B 4625/2r) ABvorkBOW

cont i nuous node, out stopping b en j obs/processes,” and may send and
recei ve cowmgins SHfesengdev usﬁramﬁerf‘mm}tqwtewéeresz@ ltsmmgq?rrascs%eﬁﬁer

trol |
con 19 CoMMERD AN g LRSI g eyl o

users to view status ne ver ver t'he server
di agnost i c@e@mwmgcmm spsterpernpBeent BAd Tak seorkflowwngive 580 mayfaliat er

status ms@ﬂﬁ@ﬁs cﬂ"sﬁ'g orf ngnagegﬁ]féﬁ Enggté}g 608 % 3 %lgg 'réﬁén@'&ﬁtﬂ%ﬁ%&%@m A

system con uration al'l'ow us to update the sever/ GU
syst emoeo nlfeﬁlgltﬁrrapmmﬂwcrawdd u:evmwsmnmogamtam o symmmﬁtd.nmhayeg;ag flegweport

confi gurat fn%gaégp%@@ nthaWac%Qs@r&gx%?cerﬁﬂf) d)lﬂ ing! de%%%gm%i %sfljayndnnfo} hgaGJ 40 -

and server efreshi ng the cac Vice configuration changes
may be appﬂlchl'%/wrer@'tﬂhéodew ces can be reconnected or when appropriate jobs

O exeCul oA e SR AT R O ARG SR Y Serve

facilitates conmuni caf’i on ‘bet ween and server g on the
pur pose of Desndrupicsessivaery 66 dtusanteidtin block sliagramtferst indfIG- draddegsenstriony

stat usy; Moga.faan féﬁ@ﬁe}n@ﬁ{s%% %of?éur}elﬂ'c% eﬁ%@@%ﬁ&fé&; axwaf%%rmgrgmews&q oSJ 40

the server COntTol Conmunication fan contro ssages and the
server st amemmmlmmassmemmp%ﬁe HGr 4. dtyatusohresuds saptamthol

g?Zts 326\?@@ éiéigr%rmnra gﬂguSleZat%n %s gct?t)kgéodemtghei'w Cc%'?nﬁ&%@f?t's zg‘i‘ lru%gé ional .
uni di r ect i Beraice and h@ﬁﬁsﬁgecmexsgz phoywdseemcutrerey@ol intge-component commumcanon
facilities in the MSC server 20. The Thread Service component provides high level
20  threading and synchronization facilities in the MSC .server 20. The Message Service
component-facilitates communication among major components in MSC server 20. It
consists of a Message Queue 660 to store received messages from other components
and a Message Pump 670 to dispatch messages to the component in a First-In-First-Out
(FIFO) order, The use of Message Queue 660 in the MSC 10 by various threads is
25 more like the use of shared memory by different processes. When there can be no more
messages left to dispatch, the Message Pump 670 thread can wait on a thread
conditional variable, i.e., by way of example, after posting a message to the Message

Queue 660 of 2 message destination component, the message source component can



first establishes connection to the MSC server 20 for communication. A
security manager 580 may provide security and access control by

aut henti cati ng/ authorizing 5Susers and may al so control access to the
system features in QU 40 |layer. A workflow engine 590 may all ow users to
define, execute and report projects using custom screens. This conponent
may provide customviews into the generic functionality available in the
proj ect managenent system conponent 520. The workfl ow engi ne 590 may al so
make use of a report managenent system 600 to display reports with project
execution 10results reports created by various conponents in the system and
di spl ayed by the report manager 600. A data access service 610 may provide

a high level abstraction for data access from GU . 40. According to
aspects of an enbodi ment of the disclosed subject matter, a Server Deanon
process view 650 illustrated in block diagramformin FIG 4 addresses non-

15f unctional requirenents |ike concurrency, perfornmance, and scalability of

the MSC 10waHéiep eheongitiap YhrpidERES dydtRUHSDEL SRR, I Thit4a prévidDnawanized
exanpl e, ca%%ures the threading and synchroni zati on_aspects of the design.

Two conponBf{EMaRTHPESHCS G dBSHa! 5 dke Messppe Bupp ®fPde concurrency

and intra- conpoBesH mapNEdmin6adt o tHeddSLisbives2d Barl B iNVREoSAMESd Ath aThe
Thread Service .co(rﬁonent rO\é]7deS hi gh | evel 20t hreadin

d
synchr oni ZEPEH VEALTIHES ¢ #d asesigted Msssazg Quene 6%2@??8%%%9%6@@

conponent - é@sinihicateasite ARG /i R8LIRNRBGa FRY 18 eaSPHREN Bt oy ploWBG gar Ver
20. It consists of a I\/bsﬁgage Queue 660 to store received nmessages from
ot her compBHBRFSNAYHIAY GE semglinsahan-cFempymifeton ik anirala fedcs H¢ g2

conponent * {shoamFh F8G: $)Neahibesbriiled bF HRQscUT ey MedaBe BaBuLEsMBSSRGR:RUSUE
660 in the_ NMSC i%ﬁ%g various threads i.s 25nore |i e use of shared

ke th
menory by BEYFEEAR A CRRaset S niar. (Siteaenebise e eHErS N B N t (o

di spatch, the tiidessa9tniiHaB cBr Be $dit eRRluRPl d8iides BR0R34NBAG BeREk¥.i onal
variable, i.e., of exanple, after posting a nessage w the Message

by wa
Queue 650 of a ﬁé’gg’ﬁﬁé‘iﬁ@éﬁﬁeﬁ’ fYTBHn AP Srrei conpracHed e seRier & indbmponent

can wake t\on tiread\RithatiBe EhE@EnOEar! 88 binBRIHRBILONTINE Me coblpiexiGan
provi de max mBI_zﬁggué)erfornance since there is no busy wait |loop i'n the

Message Pu aded programpingaj HViEs APBRYHDLS Feh ReMoseas Sevase #9: can run
in its OWNkRiaServicklt18 e TRECALNRs NBSRRUS 0 MBDIATIaNS) asRGhakied Message
Qieue 660. th-rreha%gg bgé)ar{rxgg pn%?é tshan one thread can use those services simultaneously, By
15 limiting the muiti-threaded programming to a few service components, the majority of
MSC server 20 components can be easy to code and maintain.’
A data view 680, illustrated schematically by way of example and in block
diagram form in FIG. 5 can address the data needs, i.e., data storage and retreival
mechanisms of the MSC 10. The Data Access Service component 420 in the MSC
20 server 20 and GUI 40 (shown separately in FIG. 5 for convenience of ilustration
although in actuallity 6n1y one is needed and actually used according to aspects of an
embodiment of the subject matter disclosed, though separate ‘units may also be possible
in some embodimentéj can provide a high level abstraction for data access in the MSC
10. The data access service component(s) 420 can hide the details of the actual data
25  store used to store and retrieve data in the MSC 10, in order to thereby proviae a layer
of data store independence for the MSC application and presentation logic. The MSC
10 may use two data stores one, 24, for both reading and writing user specific

information recipe related data, and the other, 22, for only reading OEM specific data

system and device configuration data, The read and write access paths are shown in the
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5conmuni cate with each other by posting nmessages to each other, thereby
provi di ng an asynchronous fl ow of comuni cati on. Communi cation with a
singl e device 330'-342" (shown in FIG 8) can be serialized by the use of

t he Message Queue 660 in a respective Device Interface conponent 330-342.
Since each Device Interface 330-342 runs in its own thread, commands can be
sent to nultiple devices 330'-342" sinultaneously. 10Anot her advantage of
runni ng each naj or conmponent of MSC server 20 in its own thread is that the
conponent can be coded single threaded wi thout the conplexities of

mul ti-threaded programm ng. Service conponents such as Message Service 440,
Nam ng Service 410 and Data Access Service 420 (shown in FIG 3) can be

mul tithreaded because nore than one thread can use those services

simul taneously. By 15limting the nulti-threaded progranmng to a few
service conponents, the majority of MSC server 20 conponents can be easy to
code and maintain. A data view 680, illustrated schematically by way of

exanpl e anexémpibiyatda dieagisanfROGTS h@bﬂxﬁcuénﬂ&ﬁnﬁdﬂaﬁ@%nt irge datidnheeds,
e., data_storage and retrejival nechanisns of the MSC 10. The Data Access

Sér vi ce coRPSRERTIUTE Showk Huthpskernpiart ¢ats Visy GR{pidlf. 3@s P%’Héﬁﬁl@ébar ately
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subj ect matter I §téd"e"i’h‘ Hﬁﬁt%detﬁaWélf ef grampds: gehematisallpandiaddedt e i n

some enbodiimgning Jorfal iDENV] 6lehaddi Béeds QY Bl @@Ftsfrﬁﬁz’:r 8&'8 th&¥e ndAdRGEESS 1N
the MSC 10,, The da Eh; access servyice conponent ('s) can hide the details
‘a

of the act l§ISeRAT @éfacﬂCée%é*aiqe&OgtP@ﬂ@rﬂaﬁMﬁ@t&hpwéowm@taitw theeeh/sC 10,

in order tonlylaealy Wiy s&de@ﬂﬂomdag%s%eﬁl&fn?pdn@mn%qg& Or the MSC
application andgfﬁnesent ation r% use two data stores one,

24, for bolH"¢ hGOHEReRs P19 Stﬁg’e@%ffﬁl&ffqné%ﬁfvﬁgsmﬁa& GogrpaneRt & andl at ed
data, and S&tﬁlrwﬁ Reagaident OmpomdnY 5REAGHNELEN M8 chd m(ﬂ&%@nﬁﬁﬁ&%@e&md
devi ce con ?géwg data. The read and wite access Eat s are shown in the
exenpl gy SICOBM paheme g b ot Rofiarb &% NI ihe Bravess Manassmenthe
r ead- onl y aﬁﬁ]ﬁﬁﬁnpmm Repbie MARBEMER dohpoRdRBILARY EdaliVYiLME80 of FIG 5
as unidirectional onmuni cation.
component 1s only served with connection to the MSC schema portion of the database.
FIG. 7 shows in schematic and block diagram form an irradiation processing
system 700, such as a laser irradiation thin beam processing system, according to
15 aspects of the disclosed subject matter. this may include a laser device controller, 710,
a work stage controller 720, a controller for some other n devices and a system
controller, e.g., MSC 10, an example of an embodiment of which may be seen in FIG." s
43 A, B and C. _
A deployment view 800, shown schematically in FIG. 8 by way of example and
20 in block diagram form, according to aspects of an embodiment of the disclosed subject
. mnatter, can address the topology and communication aspects of an MSC 10. This
deployment view 800 describes the mapping of the software onto the hardware and
reflects its distributed aspect. The exemplary deployment view of FIG. 8 shows how
the MSC 10 software can be physically implemented on the hardwaré. The MSC 10
25 can be a software component of the TCZ 900X project. The MSC server 20, MSC GUI
40 and the two databases/database portions (MSC 24 and OEM 22) can run on a single
64-bit Dual Processor Linux machine 810. The MSC 10 may be connected to a number
of physical devices 330-336’, that can be part of TCZ 900X machine. The
communication between the MSC 10 and the devices 330'-336° may, for the most part,
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A QU data view, illustrated by way of exanple, schematically and in bl ock
5diagramformat, in FIG 6, the data needs of the GQUI, simlarly to those
not ed above for the server, the data access service conmponents(s) 9two
shown for illustation though only one nay be needed) serve the Lot
Managenment conponent 500, the Reci pe managenent conponent 510, System
Confi guration Managenent conponent 270 and Security Managenent conponent
580 with access to both the MSC schena dat abase 10 portion 24 and the OEM
schema dat abase portion 22, while the Process Managenent conponent 530,
Report Managenent conponent 600 and Event Managenent conponent is only
served with connection to the MSC schema portion of the database. FIG 7
shows in schematic and bl ock diagram form an irradi ati on processi ng system
700, such as a laser irradiation thin beam processing system according to
15aspects of the disclosed subject matter. this may include a | aser device
controller, 710, a work stage controller 720, a controller for sone other n
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this exengﬁyﬁgggéggﬁggwég??gﬁﬁm?%i&%gﬂm?%ggP@a§%9W§ﬂ§?(QQI?QP%§$JEB€H by
way of exahs MISChl (Frd the deviicsn3304-388Bmiaf iR AW REL NFEFith  1GOgTUNI cat e
Wi th camer in trology unit 830, or with other beam
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usi ng TCP/thefisweie82) mag bEillbwed indiratled Msfah&s BiyVPRYnQh S URTEL G SOMe of
t he devi cgggsuch as Laser 330" and BSC 336' mmy have only serial ports for

communi cation. In those cases, the MSC 10 may connect to a Lantronics
nmodul 5840 t hr opghy a1 J P onnection, which can then convert serial port
signals into TCP/1P anél?l\é/lld;el-%\/sg?‘é’a.v“f?% TRESEAET USEY I0G SEMPHEHSHISRTRMPRE | t S
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subject matter. The Table of FIG. 11 shows illustrative messages that may be used.
Turning now to FIG. 12A, there is illlustrated various organizational hierarchies
3000 and communication links within the MSC 10 server 20, accodring to aspects of an
20 embodiment of the disclosed subject matter, including an MSCObject module 3002,
which is in communication with an MSlCScheduIe module 3010, an MSCTask module
3012, an MSCImage module 3014, an MSCLot module 3016, an MSCProject module
30618, and MSC Job module 3020, and MSCRecipe module 3022 and an MCSMessage
module 3024. There is further shown an illustrative connection of the MSCObject
25 module 3002 and an MSC Thread module 3004 and an MSCMessagePump module
3006 with an MSCJobManager module 303 0, an MSCDevicelnterface module 3032, an
MSCServer module 3034, an MSCUICommManager module 3036, an
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1020 may connect to the databases 22, 24, using |ibpg and the MSC GUJ 40
using JDBC. The MSC 10 and the devices 330'-338" nay also be on a private
LAN with a LAN switch 814 behind a Csco VPN PI X firewal |l 820. Access to
the MSC 10 fromoutside the firewall 820 nay be allowed in limted

i nstances using VPN through the firewall 820. 15The Table of FIG 10 shows
vari ous nessages used for communi cations anong conponents of the system
according to aspects of an enbodi ment of the disclosed subject matter. The
Table of FIG 11 shows illustrative nmessages that nay be used.

Turning now to FIG 12A, there is illlustrated various organizational

hi erarchi es 3000 and comuni cation |inks within the MSC 10 server 20,
accodring to aspects of an 20enbodi nent of the disclosed subject natter,

i ncludi ng an MSCObj ect nodul e 3002, which is in comunication with an
M5CSchedul e nodul e 3010, an MsCTask nodul e 3012, an MSCl mage nodul e 3014,
an MSCLot nodul e 3016, an MSCProj ect nodul e 3018, and MSC Job nodul e 3020,
and NMSCRec M¥ClabRudces30 2 dated3 (38, MOSHESR atlgenamaged modfle404T heMesdlsbf ur t her

o SHASAAR P I BNAE GO Sk e SO0 a0 an e
- modul e 3030, an WVBEEDeYBakémtieslbatimsimed b eddRaryeddnviitdaroren. modul e 3034,
VBCSt ot U iag GRS oeioet OBl M SER L TG AL B USSR ES i NEC
Schedul &r Tpreessibabudge( JA@baiMinadd(G digRtdHIgbad beiNakBedshdiahd @t ed an
oxem oy SRRl e M AGOIER I AR pa 2 SO08 ME A Lesgfative
and get NexabE3alpbManageratio dMBEHEOS &g #QiR U dbheha3 83 RaivbQ@RRue( ), _
execut abl o COTIRIHLE: B DsbRisiia eng e bts R sommanEsbIEar ) and
r esunmeJob QuEielobRueinmedninBois ahd an MBCIdbaiodule 3020. Also illustrated is an
10 MSCNameService module 3050 in communication with the an MSCObjectMap module
3052 and an MSC DeviceINerface module 3054 in communication with an
MSCDataFormatter 3056 and an MSC DataAccessService module 3060 in
communication with an MSCResultsSet module 3064 through an MSCCommunicationn
module 3062 along with two stand alone modules, MSC SecurityService module 3066
15 and MSCMEInterface module 3068. ‘ '
FIG. 13 illustrates in block diagram form an example of an MSC 10 server
design device interface, according to aspects of an embodiment of the disclosed subject
matter showing, e.g., a an MSCSocket module 3082 connected to an
MSCUserInterfaceCommunication module 3088 tﬁrough an MSCServerSocket module
20 3086 and to an Additional MSCDevicelnterface module 3096 through an MSCClient
Socket module 3084.: Also shown is an MSCDevicelnterface module 3090 connected
to the AdditiqnalMSCDeviceInterface module 3096, an MSCStaéeInterface module
3098, an MSClLaserInterface module 3100 and an MSCMDBoxInterface mosule 3102
through an MSCCommINterface module 3092.
25 FIG. 14A illustrates in block diagram form an MSC 10 server design Manager
Class Interface according to aspects of an embodiment of the disclosed subject matter,
including an MSCStatusManager module 3040 communicating with an
MSCStatusLoop module 3122. Also shown by way of illustration: is an
MSCDataObjectMa?ager module 3124 cornmunicating through an MSCJob module
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M5CJobQueue nodul e 3044 and an MSCJob nodul e 3020. Also illustrated is an
10 MSCNaneServi ce nodul e 3050 in communi cation with the an MSCObj ect Map
nodul e 3052 and an MSC Devi cel Nerface nmodul e 3054 in comuni cation with an
M5CDat aFor matt er 3056 and an MSC Dat aAccessServi ce nodul e 3060 in

communi cation with an MSCResul t sSet nodul e 3064 through an
MSCCommuni cat i onn rnodul e 3062 al ong with two stand al one nodul es, MSC
SecurityService nodul e 3066 15 and MSCMEI nt erface nodul e 3068. FI G
13 illustrates in block diagramforman exanple of an MSC 10 server design
device interface, according to aspects of an enbodi nent of the disclosed
subject matter showing, e.g., a an MSCSocket nodul e 3082 connected to an
MSCUser | nt er f aceCommruni cati on nodul e 3088 t hrough an MSCServer Socket nodul e
20 3086 and to an Additional MSCDevicel nterface nodul e 3096 through an
MSCCl i ent Socket nodul e 3084.. Al so shown is an MsSCDevi cel nterface nodul e
3090 connected to the Additional MSCDevi cel nterface nodul e 3096, an

MBCSt agel f: I ‘s erl c | 0 and an
VBQVDBox! 1o BEar e e D S S ST MR o2 dfP e So62.
25FI G 14AViSOPiejeetanedild A0 aekMECigegambdelm3iv, MEBCREcipe modnlcdii2gmd
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M5CReci pe modul e 16. L ust.r is an
VMSCJobPr ocrggglg% 33%%{&}& %ggl})g@%%%cnﬁogﬁﬁnr% g{}\?f %ﬂﬁﬁﬁaﬁlﬁg‘&% Ez g’t Manager
modul e 3152fregh¥chedvBOnt ikl micy(haalyaidlshithiheud D5 tay de iVBGRMojnéetiomodul e

3018 and ‘ r l. 158. Al so shown in FIG 14B, an
M5CJobSc hgvgﬁ er mﬁ%hga@gﬁ&'%\;/ﬂgﬁgféu@ﬁg évﬁtijcsﬁﬁéﬁ’féé’u%ﬁlrﬁw%)ﬁgga%dr%c?s i nformation
as inimi alﬂtzre"(im)ef()r.eﬁs@ﬁh&heddi erf MSCSecunbty Eeddcks hodule wadiddobToQuabdy ),
exbcut abl o kiRl LBt ALACOTRTRE S: bBRC, PR G A litededlr
Servi ces mpdigicd/sui( ) hlognRoleky switaliRaeC) hniRotis( pithdateRala(at gohogial),

get Config j s User( ), listUsers( ), updateUser( ),

| ogi nRol egg%%gﬁiggﬁ%%%%#?ﬁ%s@ ol es( ), UpdateRole( ), getLogin( ),

i sal |l oned( ) anbuwohectcdPer hf,gbérensg shownlam ilibsteatico irbEek Himgrarthdomn oBarshown an
illustrati i I agr f O ._an 15 v interpreter.idferface
ol udP ng S0 Rl AR M Rind B S B e RO A 310 5
Pyt ononl ntiscpmeturicatiod with 8P2@namiteapredbEGadle Wrarapdanager nodul e 3130 in

commny St ok, B GRS B 0K AL 845y, VPRl aCmal
modul e 3139SCEPFTIGICaltbashonsduic B3R hin (MdECHataGehdOalibiakakodiilagi admddarm an
exanpl e ofyRBBEMdCalback module 3136 through an MSCCmdCallback module 3132.
20 FIG. 16 shows schematically and in block diagram form an example of an MSC
GUI design ir}cludin g the follow;ing modules containing the listed representative
executable commands and information. A Security Manager module 3066 as noted
above, a Lot Manager module 230 also shown in FIG. 2 listLots( ), getLot( ), createLot(
), updateLot( ), deleteLot( ); a RecipeManager module 232 (listRecipe( ), getRecipe( ),
25 xcreateRecipe( ) updateRecipe( ) deleteRecipe( ) listRecipelmages( ), addRecipelmage(
), updateRecipelmage( ), removeRecipelmage( ), reorderRecipelmages()); a
JobManager module 3009 (listJobs( ), getJob( ), addJobToQueue( ),
removeJobFromQueue( ), reorderJobQueue( ), startJobQueue( ), stopJobQueue( ) and
éetJonueueMode( )); a ReportManager module 290 (listReports( ), displayReport()); a



QJl design including the foll ow ng nodul es containing the |isted
representative executable commands and i nformation. A Security Manager
nodul e 3066 as noted above, a Lot Manager nodule 230 also shown in FIG 2
listLots( ), getLot( ), createLot( ), updateLot( ), deleteLot( ); a

Reci peManager nodul e 232 (listRecipe( ), getRecipe( ), 25xcreateRecipe( )
updat eReci pe( ) del eteRecipe( ) listRecipel mages( ), addRecipel mage( ),
updat eReci pel mage( ), renoveReci pel mage( ), reorderRecipelnages( )); a

j obManager nodul e 3009 (listJobs( ), getJob( ), addJobToQueue( ),
removeJobFromueue( ), reorderJobQueue( ), startJobQueue( ), stopJobQueue(
) and set JobQueueMode( )); a ReportManager nodul e 290 (listReports( ),

di spl ayReport( )); a StatusManager nodul e 3040 (displayAl |l Messages( ),
filterMessages( )); a SysConfigManager Mdule 570 (listConfigs( ),

get Config( ), updaternfigParaneters( )); a Project Manager nodul e 236

(listProjects( ), getProject( ), createProject(), updateProject( ),
del et ePr ec lis C dF, eileldRsdds()); a
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server, .
shown and selectmn button 2412 for the user to get to other displays, €.8., Lot, Recipe,

15 Job, Project, and System, in order of system level hierarchy and also Log and Help

function buttons 2414, also displayed in this exemplary “Main” screen is the user ID

number 2418. Selecting, e.g.; log can get the user to the GUI screen 2160 of FIG. 18,

described elsewhere in this application.
Turnmg to FIG. 19 there is illustrated in schematic and block diagram form a
the data and message

20  connection of the external communication process (“ECP”) 902 to
‘ l and a threaded

process (“DMP”) 906, with a threaded socket server, a message pump
database connection, e.g., to either or both of the front end GUI process 40 or the

backend server process 20.
FIG 20 A illustrates code implementing a device abstraction natural language

25  format (“NLF”) to device format (“*DF”) in, e.g., python {aser class or python task
script. Similarly in FIG. 20B is shown such code in PostgreSQL.
Accordmg to aspects of an embodiment of the dlsciosed subject marter Master

System Controller (MSC) software can function as a master system controiler to control

the hardware components of an TCZ S00X apparatus/workplece processing tool. Using
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dat abase connection, e.g., to either or both of the front end GU process
40 or the backend server process 20. FIG 20 Aillustrates code
i npl enenting a device abstraction natural |anguage 25format ("NLF") to
device format ("DF") in, e.g., python |aser class or python task script.
Simlarly in FIG 208 is shown such code in PostgreSQL. According to
aspects of an enbodi nent of the disclosed subject matter Master System
Controller (MSC) software can function as a nmaster systemcontroller to
control the hardware conponents of an TCZ 900X appar at us/ wor kpi ece
processing tool. Using the MSC software, process engi neers can define
reci pes and projects, execute jobs to process silicon substrates and
noni t or machi ne performance and the like. Turning nowto FIG' s 43A - C
there is shown in block diagramand schematic forma systemcontroller,
such as systemcontroller MSC 10 of FIG 7 according to aspects of an
enbodi mrent of the disclosed subject matter. A host 910, such as a factory
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device drivers 120a (shown in FIG, 43C): The BSP 20 may also communicate with

devices 120b through device interfaces 120 and device drivers 120a (shown in FIG.

43C). A device processor may communicate also with the devices directly or through
15 the DAS 908 or BSP 20, through the device drivers as shown in FIG. 43C.

The daemon process backend server process (“BSP”) 650 can i’ssueqdev_ice
commands and check device status. The graphical user interface front-end GUI process
{“FGP”) 40 can allow users to interact with the system, e.g., to define recipes and
execute jobs. A.daemon process data and message process (“DMP 906™) that can route

20  messages between the processes and serve as a conduit for database access. A daemon
process data acquisition server proéess (“DAS”) can collect status and data from
devices, store the information, and provide it to other processes, A daemon process
message logging process (“MLP”) that can receive information from other processes
and log it'in a text form. A daemon process external communication proceés (“ECP™

25  that can handle external communication, such as a manufacturing execution system

- (“MES 807) interface.

In using a database to store its data persistently, the MSC 10 can use a database

with a plurality of schemas, é.g., five schemas - an OEM read-only schema that
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process data acquisition server process ("DAS') can collect status and data
from devices, store the information, and provide it to other processes. A
daenon process nessage | oggi ng process ("MP") that can receive information
fromother processes and log it in a text form A daenon process external
communi cati on process ("ECP") 25that can handl e external comrunicati on,
such as a manufacturing execution system ("MES 80") interface. In using a
dat abase to store its data persistently, the MSC 10 can use a database with
a plurality of schemas, e.g., five schemas - an OEM read-only schena that
contains system specific information; an M5C read-wite schema that can
contain user specific information; a data warehouse 110 read-only schema
that can contain device data; a status read-only scherma that can contain
device status and a | ogger 112 read-only schena that can contain | og data
generated by the system According to aspects of 5an enbodi nent of the

di scl osed subject matter, the MSC architecture can include the server,

comuni cat temains Sﬁterh @paﬁﬁaﬁ@o@mlodaé@mea&m&& gcwmatth@t @Y Eheln e
software ma fn gber of functionalities, nmpor.t/ export ;

nodul e coné%ﬁﬁt Iqip qralafiﬂﬁa% gimberdpuses ifserdreel Yéah%@fhatmm%weﬁca with
cust om pr ofige{ a §61ue easl-oMy QbiRela He A Lbhiafh dm&rm&@mrlcwro%gm strakdis tabs,
with visual jndjcations/colors: gr aphi cal and t ot ext ual éci)resent ati ons of

the casset PR SFRTD? gt (Al OB 1S ot enerpted by HhetsystRIs ATRostiRB A HETth g SEM

SECS/ GEM staagabdgiens sﬁﬂhéld'iéélcﬁ.eéis@é}é?&%?anﬁp hd pisc ARt ea® cfidehgndl i ng,
and upgradeabl I %(%%@é* ver,si oni ng, he above hi gh-1evel features

can serve t9'%a nicapRHSFF ‘§§F§iaé?7?%‘éﬁ§?l?3é%?ﬁe§ts of the sysiefp oty OFBHE  of

reci pes/i rrmggsn{qmmdu, aGlugnbep of fulneummm e. oM ibthosiRRypoRambEuR coARPE Qlf@%@l | ots;
hi er ar chi cal ?)anl zation of recip i mproved consi,stency checks for

reci pe/ i mg& e& AResEate C%‘&Fésg’om 1807 ith G sEQRB PEQIGCT BETEENS; PRiECtcan change

them et c. yched@ned) 465t GRS cAFBRG: A @BE LAIKSyisiHl ldiERHnBeSIord) bfibAl@hAfAl
or gani zat| on reci | ot definition according_ to cassette station

0
nunber ! @FBFLFGPF%ER@BB%% ?%tbécmeﬁeewnmf‘apafé@afeaﬁ Lypeiecitel Mot bbtrfacgn
i nt roduce ngaﬁlglsﬁm@m@mmtanb&rdé|s%6ﬁr1&b%nafaéc£§8&{tfcﬁ arf¥iner error

handling, and upgradeability ( versioning, etc.)

The above high-level features can serve to satisfy certain system requirements,
e.g., import/export of recipes/images/projects in file format, with copy/paste of
15 projects/lots; hierarchical organization of recipes; improved consistency checks for
~ recipe/image parameters; access control of parameters (e.g., who can change them,
etc.); dependencies among parameters; null recipés; hierarchical organization of recipes:.
lot definition according to cassette station number, operator ID, substrate ID, etc.; a
need a substrate concept, an introduce module concept that is flexible and generic, an
20 ability to monitor modules, as opposed to just devices; screens for module replacement
flexible and generic mechamsms for lifetime counters; display maintenance counters in
status tabs as value and texi; custom project screens for diagnosis, download and
control; project reporting, scheduling with a folder/file structure; project scheduling
event and schedule based; idle timeout for job queue; changing of workpiece position,
25 e.g., rotation of the glass substrate with accompanying changes to crystallization
graphics; additional recipe processing status info; graphical representation of the
cassette; runtime parameters for the lot and project when added to the job queue;

security and access control; encoded scripts to protect user intellectual property;
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20ability to nonitor nodul es, as opposed to just devices; screens for

nodul e repl acenent ;

fl exi ble and generic nmechanisns for lifetinme counters;

di spl ay mai nt enance counters in status tabs as value and text; custom

proj ect screens for diagnosis,

downl oad and control; project reporting,

scheduling wwth a folder/file structure; project scheduling event and

schedul e based:;

25 e.g.,

crystallization graphics; additional
representation of the cassette; runtinme paraneters for the | ot
and project when added to the job queue; security and access control;

encoded scripts to protect user intellectual property; interfaces with

gr aphi cal

devi ces using serial
conponents, e.g., a robot for cassette |oadi ng/unl oadi ng;

idle tinmeout for job queue; changi ng of workpiece position,
rotation of the glass substrate with acconpanyi ng changes to
reci pe processing status info;

nunbers to identify a device; control of apparatus

user configurable

status tabs; finer error handling; crash recovery handling for, e.g., a
M ssing or imetfacod withalelides ating Beddll hERbeG b Q:Te%'ﬁgﬁé Al balitol ANdpRRAtLS es;

integration with custoner

80 using SEM 5S

CS/ GEM | nt er f aces;

NVE , :
upgr adeabi FPPEOSHE: Bérf HFRLLEY Saeseie lagding/unloadtng: 6T SPRUSHBMNA SERENMsar y
features aﬁdezcaamwﬂaﬁmrsg;keasmémcntyh%dﬁﬁgﬁfob;ee.%p@ld'aﬁéingbmr&f/g?éxﬂ%&fbh@l -

Reci pe Managenent ggl - géol ect
Reci pes: GUPEIRBCFHaremsiidetan pad qisdes: &
Syst em LonkEgErGt MoRtdYRRag

Vana

ement; ] _
EBR VIt CREtenpTRESH st &I EMD -
IRdeatilily and ReRBFhar¥BRAGEENT ; Substrate

i

OHi erarchi_cal gani zati on of

Concept: GUI - Lot Managenent; Workflow with Custom Project Screens: GJ -

Proj ect ManagenBaicw 42GHbwn Wbk

MaFR&l M components to which they can be

fak
aJ - Reportiggnagenent; Projec? éﬁheduling: Server - Project Scheduling;

User Confi R

10

15

20

235

Import/ Export:

Hierarchical Organization of Recipes:

Module Concept (Lifetime Counters):

Substrate Concept:

Workflow with Custom Project Screens:

Project Scheduling:
Uset Configurable Status Tabs — Visual

Indication/ Colors:

!

Graphical and Textual Representation
Of Casette:

Runtime Parameters for Project/Lot:

Security and Access Control;

Improved Error Handling:

1e Status Tabs - Visual

GUI — Recipe Management;

GUI - Project Management;

GUI — Recipe Management;

GUI — System Configuration Management;
GUI —~ Report Management;

GUI — Lot Management;

GUI - Project Management;

GUI - Workflow Engine

GUI —~ Report Management;

Seryer — Project Scheduling;

Server — Status Management;
GUI - Process Management;
GUI — Event Management;

Server — Job Processing;
GUI — Process Management;
GUI — Process Management;
GUI — Security Management;
Server — Job Processing;

GUI — Process Management;
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I ndi cation./ Colors: Server - Status Managenent; 20GUJ - Process Managenent;
GU - Event Managenent; G aphical and Textual Representation O

Casette: Server - Job Processing; GJ - Process Managenent; 25Runtine
Paraneters for Project/Lot: GJ -Process Managenent; Security and Access
Control: GUl - Security Managenent; |nproved Error Handling: Server - Job
Processing; GUJ - Process Managenent; |IVIES Interface: Server - |VIES

I nt erface. According to aspects of an enbodi ment of the disclosed
subject matter an exenplary low | evel design of the MSC 10 nmay be descri bed
usi ng cl ass diagrans for 5exenplary conponents of the system The foll ow ng
di scusses an exenplary list of hierarchy of conponents (fromlowest to

hi ghest) which may be in an MSC server 20 according to aspects of an

enbodi ment of the disclosed subject matter. A Core (bjects conponent
may contain nostly data object classes common to all conponents in the MC
server 20, which data object classes nmay be configured to 10 have no |l ogic

and to jusye§9ptghl..data. In nost cases, érbgrgﬁ,;%s InSerflcSO public so that
any conponenf can access the data in sucﬁ data objects. The foll ow ng

exenplary classes may be a part of the Core Objects conponent:
According to aspects of an embodiment of the disclosed subject matter an

exempiary low level design of the MSC 10 may be described using class diagrams for
5  exemplary components of the system. The following discusses an exemplary list of
hierarcﬁy of components (from lowest to highest) which may be in an MSC server 20
according to aspects of an embodiment of the disclosed subject matter.
. A Core Objects component may contain mostly data object classes common to
all components in the MSC server 20, which data object classes may be configured to
10 have no logic and to just contain data. In most cases, the data is also public so that any
| component can access the data in such data objects. The following exemplary classes
may be a part of the Core Objects component:
MSCObiect, which may be the most n'otable class in this component, and the
preferred base class for all other major classes in the MSC 10. Behavior common to all
15  classes in MSC 10 can be implemented in this class. The majority of classes in the
MSC 10 may derive from the MSCObject class, including: MSCAtom, which may be a
multiple data type holder that may use a union to store any type of data integer, real,

string, boolean or object data types; MSCConstants, which may provide a namespace

for constants used throughout all server components; MSCPair, which may simplify

20  using a pair of strings in standard container collections; MSCException, which may be a

base exception class in the MSC server 20, from which all application specific
exception classes may be expected to derive; MSCUtilsl,.which may contain string and
other miscellaneous utility methods to be used by all components; MSClmage, which
may be a data object class for images and may contain image parameters; MSCRecipe,

25  which may be a data object class for recipes containing recipe parameters and a list of
images for each recipe; MSCLot, which may be a data object class for lots, and contain
lot parameters and a list of recipes applicable to a lot; MSCTask, which may be a data
object class for tasks in projects and contain task parameters, body and runtime

parameters, e.g., in Python script, corresponding to the task; MSCProject, which may be
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MSCCObj ect, which may be the nost notable class in this conponent, and the
preferred base class for all other major classes in the MSC 10. Behavi or
common to all 15classes in MSC 10 can be inplenmented in this class. The
majority of classes in the MSC 10 may derive fromthe MSCObject class,

i ncludi ng: MSCAtom which may be a multiple data type hol der that may use a
union to store any type of data integer, real, string, bool ean or object
data types; MsSCConstants, which nay provide a nanmespace for constants used
t hroughout all server conponents; MSCPair, which may sinmplify 20using a
pair of strings in standard container collections; MSCException, which may
be a base exception class in the MSC server 20, fromwhich all application
specific exception classes nay be expected to derive; MSCUtils, which may
contain string and other miscellaneous utility nethods to be used by al
conponents; MSClrnage, which may be a data object class for imges and may
contain i mage paraneters; MSCRecipe, 25which may be a data object class for
reci pes coidaak ohjeg cﬂﬁ@'f&%r@ﬁe&é”ﬁ{cﬁrﬁ% @&ﬂalﬁ plrbﬁét ﬁ&framéf@ig%ﬁdta(%t @ﬁﬁgksr eci pe;
MSCLot, which may he a data object class for "lots, and _contain

par amet er SMS&dOD, Which may bﬁ@&aﬁé&%ﬁkaﬁ%%u@st@danqtmom%@@gme ‘Wﬁ]i’%h may be
a data objie@brofdcfasd &@506 aaKs; M@d@[a‘é\hs‘?ﬂeék Wcﬁ%’y@e'& &a%sé‘b RALREBLAL S, body
and runtinme g%‘{aneters é on script, correspondl ng to the task;
MBCPr 0] ectSoniRscHRiiRshask in HH@HQP f9bp device paremetesy angrragiels wsed B s¥YS cont ai n
Proj ects papeyRs ek il b8Y dafmet 4D etelNVREI O81ani¥a 6N WIRh RSy Be 9@5@ Obl ect

class for jobs and may contain the nanme of the Tot7project dnd t

stat us; MSCHArlasThatontaing elh mwnbﬁecme%ﬁaﬁoaa@iby@mpa@rrm Qﬂﬁid@a)b%'ﬂs&ﬁns
status cheagl, i@ TdBR th ediofr a‘fi’iegﬁg%tﬁﬁxsgél&?&%re rwarrﬁﬂ? ofr@ﬂﬁep eiRdaPY a

st at us 5l og& to check the status o evi ce parame tat usDat a,
whi ch may B@rgatien; M&ﬁﬁmﬂmmwmmmﬁ§atalquqch@a@tth@tw§ntﬁwédkg for a

devi ce parﬁﬂﬁt&ra,stﬁﬂgcém%apﬁwﬁg s@b!cxéteﬁt.g}dﬂﬁn& ﬁ%} ? rgﬁﬁ?!ﬁﬁh&)eﬂ‘t devi ce
status is an error, warning or ot her ‘operational tnformtio

VBCSt aPus CHFATaFier namﬁf-ehnwy e ugeddeit aastetbip e toldetasminiedevicenndysemhe nane
of a statugigomand and. its associated input and may al so return argunent
10 parameter names, and may be used by a status |oop to determine device
and system st atdyesording to am@e@m@mgmb@dmé@f@e&ﬁscmeéﬁtﬁo@mmﬁﬁr of the

di scl osed b t that
provi des hﬂphil‘%iévhé’g‘%irea |nir|1-}ga?l g%g§§§%{gﬁﬁ%ﬁn?}%& on %%?Flgg&lg%ﬂ %HI\/BC
Server 20 SYWHTP@ZWH@CIME@HU@G NBY St aaewl:uh@u%@ ﬁ1r¢a§1m mey oxbiggitse y

classqs ( RudFhbUertariRsis () eSS, npef?/sl?e & Aifadii@le 22 th& can be

inherited by any class needing a new thread of execution. The inheriting class may then

implement the MSCThread’s abstract run() method. To start the thread execution, the
MSC may call the MSCThread’s start() method, which can in turn invoke the run{)
method. The class can wrap commonly used thread management application

20  programming interface (“*API”). Other features of pthreads mutex and condition
variables may have their own wrapper classes. (2) MSCMutex may be a class that can
encapsulate a pthread’s mutex providing a mechanism to lock and unlock objects and
make objects thread safe. (3) MSCLockableObject may be a class that provides a
mechanism for objects to be thread safe and, e.g., thread safe objects may need to derive

25  from this class. (4) MSCSinglel.ock may be a wrapper class using |
MSCLockabaleObject to allow synchronized access to mmlti-threaded code. This class
may be used by a MSCLockableObject to synchronize methods on an abject level.
Nested use of the MSCSEngleLock may be allowed as .the MSCLockableObject object

uses a recursive mutex. (5) MSCWaitCondition may be a class that implements a
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i nherited by any class needing a new thread of execution. The inheriting
class may then i nplenent the MSCThread' s abstract run() nethod. To start
the thread execution, the MSC nay call the MSCThread's start() nethod,
which can in turn invoke the run() nmethod. The class can wrap commonly used
t hread managenent application 20 progranmmng interface ("API"). O her
features of pthreads nmutex and condition vari ables may have their own

wr apper cl asses. (2) MSCMutex may be a class that can encapsulate a

pt hread's nmutex providing a mechanismto | ock and unl ock objects and nake
objects thread safe. (3) MSCLockabl eObject may be a class that provides a
mechani sm for objects to be thread safe and, e.g., thread safe objects may
need to derive 25fromthis class. (4) MSCSingleLock may be a w apper cl ass
usi ng MsCLockabal eCbj ect to all ow synchroni zed access to nmulti-threaded
code. This class may be used by a MSCLockabl e(bject to synchroni ze net hods
on an abject level. Nested use of the MSCSi'ngl eLock nay be all owed as the

MBCLoci cab|peeb¢cestomu1@cvamesmaqoﬁgcmvah M@ thh® sing s WG Rid &sm?otl on may
0

be a class t S a threadscondltlon variable to n

t
wai ting t th‘%@OdSL@ ﬁfgwetbéhwte&)alrsw kegleqdk yYhe mger suy then ‘l’eeﬁi“v&i“?%‘:@ﬁe nut ex

al ready | oekegbed Then b e;&u@&ﬁ'aytti%%@u@@aﬁdlﬁﬁ?ﬂsb‘B@'a{x%n{a%l:ﬁﬁsx%gcmﬁ Wia
wait() may may al sq be autonatically reacquired when notify()

al |
met hod mk@g“{?@ @‘%’%ﬁﬁapfh?r%aaanaﬂreadc%escl%wﬁeeue%bby 5 MSCMsgPunps
to notify m@mgFﬁﬁﬁ\ﬁﬁmﬁﬁ%mn@%QCﬂ{sﬁguﬁz saspects of an enbodi nment of
t he di scl osed SLSM& ré;@nmatter a stem Utilities conponent may provide
conmon utilitie$*TEEFPHIP aéPF“%%‘?%’o?ﬁ%’?ﬂdémEW“éf’sd‘é‘fipﬁdtspﬁﬁcﬁ‘@?ﬁ%ffsﬁ)@ﬁ% de
| oggi ng antitilieles bmpaensmwm@mdrg%ﬁhhgﬂegﬁg@@lbgnatuceﬂx ol finl QW Ng
exenplary ¢ be .a {oart of this conponent: %BBCI ni Fi | eFI andl er

|
ey provi d@“ﬁ‘i’?ﬁ ?QWV %SlnﬁéﬁaIrémé‘é‘ﬁglsgﬂﬁfatcpeﬂgﬁrﬁ igsinfomasiennEihods in
this class fotrywibg eg&remky ARy BELYRrcR 108GAQhL0U al | 0N par amet er s
from a server C flg atl on file paranmeters may be specified as
opti onal ue pai Mﬁ%&@@_@wm@aé? Bhliyaretpedsdd hppdipkonfigieatiamd
conment | i Ag&s, Whlchah&BodEindhis WRHmal 2k oMBH-2%H ﬁ@:y s OM 18d LAShR&ion

facilities and may define various 15error_ |evels-and the severity of
messages aBAaREfiRioMmA sorsssesfigedor filgs Lhe parametgys grpydiersgetifed gpect s of an

ambodi ment opfiod-Ran sk OF 8 08l YletRicalTBY %@rrhrﬁ Mg ra}ﬂi ngﬁ‘%[ﬁpﬁﬁ'@s%a

provide O\?\}a % di scover facilities In server 10, I ncl ude
the follo ERH8Y® 'I@%%%L%Séﬁ/?@élqﬁéygﬁjég éﬁcgérﬁ?@@‘éﬂ@l}f’d@ﬁﬂe vanous
15 error levels and the severity of messages as defined in MSCConstants class.
According 1o aspects of an ambodiment of the disclosed subject matter a
NamingService component may provide object discovery facilities in the MSC server
10, and may include the following class. MSCNamingService may be a service class

that provides object discovery in the MSC server 20. Objects may be stored in the

20  naming service by one component and then be used by other components. Since this is
a service, it may may be mu Iti-threaded and th:ead safe.

According to aspects of an embodiment of the disclosed subject matter a

MessageService component may facilitate communication among major components in
the MSC server 20, and may include the following classes. (1) MSCMessage may be a
25  class that contams message information used to communicate among MSC server

components by storing a string in a message. (2) MSCMessagePump may be a class that

implements a mechanism to fetch messages from the message queue and to dispatch

them to the server components. (3) MSCMessageQuene may be a class that includes a
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t hat provi des object discovery in the MSC server 20. (bjects may be stored
in the 20nam ng service by one conponent and then be used by other
conponents. Since this is a service, it may may be multi-threaded and
thread safe. According to aspects of an enbodi nent of the disclosed subject
matter a MessageServi ce conponent may facilitate conmunicati on anong maj or
conponents in the MSC server 20, and nmay include the follow ng classes. (1)
MSCMessage nay be a 25class that contains nessage information used to
comuni cat e anong MSC server conponents by storing a string in a nessage.
(2) MsCMwessagePunp may be a class that inplernents a nechanismto fetch
nmessages fromthe nessage queue and to dispatch themto the server
conponents. (3) MSCMessageCQueue nmay be a class that includes a
First-In-FirSt-Qut (FIFO container for nessages used to conmuni cate anong
server conponents, and may be used by MSCMessagePunp to store and retrieve
messages. According to aspects of an enbodi ment of the disclosed subject
matter a C S t '

abst r act | O TApErSrogt (1FS) ERRANEAE vleRbo{fitball A AR Bal lbre VBT e
server 20 cosgpdnéios, andendfGZ @60 Xy dMS Gbksmze PuhvB® {toletdnd CERREHBCABESS chenas)
may be Postgre khe | evel C++
AP To the dat DSSE ke h BRI RRENE LB HRERIPRINE A BV
conponent .D4t4A 8 méecmp&rmnvﬁménquomdwa bighdevel ghstiactiast lagen fapdate
abstra t| on | a th er f se used
in 10 X?S@&%%Scstgfveﬁﬁ%gﬂ% %E‘psfggg[%%’?%é Fseﬂ fo{@%ﬁy@%gﬂhgﬁl on

i nt erface mmsm@vdhmamdmseemms) trmytbbé’od@r@ﬁﬂsél" hieflibpqpp nerkees OWYmay be

[ ancact o BRCH Greidera o per e Bt P SRR I B, e &

class t hatmiyobedspadef tascdhsorest. Ul Catx@essSeniceanaupmoyidsr hibke letat abase,
whi ch can cg?ab%s?et absg'\a{g'\tgonf lfa%rr] t;tlcrﬁlng tlg:el 1?nsci%rl?igngscfe£e{ilr§%§ the actual database used in

10  MSC. (2) MSCConnection may be 4 class that implements a connection interface to the

database to connect to the database if a connection may be not already open, and which
can be used to execute queries including transaction based queries with reference
cursors. (3) MSCResultSet may be a class that holds the results returned by executing a
query on the database, which can be retrieved from this class as strings.

15 According to aspects of an embodiment of the disclosed subject matter a
SecurityService component may provides the security and access control services in the
server layer, '

According to aspects of an embodiment of the disclosed subject matter, a
DataFormatter component may be & component that provides utility mgthods to convert

20 device commands from Neutral Language Format (NLF) to Device Format (DF) and
back. The following exemplary class may be a part of this component,
MSCDataFormatter may be a class that converts device commands and responses back
and forth between Neutral Language Format ONLF) and Device Format (DF). The MSC
10 may use Neutral Language Format thereby providing a uniform language format to-

25  communicate with various types of devices in the ICE9 system.

According to aspects of an embodiment of the disclosed subject matter a
DeviceDrivers component may contain device drivers for various devices connected to
MSC 10. Device driver classes in this component may implement the methods in

abstract base class: MSCCommInterface. The device drivers may be dynamic shared
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15According to aspects of an enbodi nent of the disclosed subject matter a
SecurityServi ce conponent may provides the security and access control
services in the server |ayer. According to aspects of an enbodi ment of the
di scl osed subject matter, a DataFormatter conmponent may be a conponent t hat
provides utility nmethods to convert 20 device comuands from Neutr al
Language Format (NLF) to Device Format (DF) and back. The follow ng
exenplary class nay be a part' of this conponent. MSCDataFornatter nay be a
cl ass that converts device commands and responses back and forth between
Neutral Language Format (NLF) and Device Format (DF). The MSC 10 nmay use
Neut ral Language Format thereby providing a uniform|anguage format to
25communi cate with various type S of devices in the | CE9 system According
to aspects of an enbodi nent of the disclosed subject matter a DeviceDrivers
conponent may contain device drivers for various devices connected to MSC
10. Device driver classes in this conmponent may inplenment the nethods in
abstract bhbweries asthat MiGLorhiatiessicas de adiel Wikt eecdbipnaisthaBySdeodynani c
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the MSC serv may be, done using Neutral Language Forma F).
conmands &@?@Eggﬁﬁ&%ﬁ@ws SRPGTIHY e abawwrengy agpﬁbliewl@bwcea@ Kordevi ce
bef ore t hesonanenisstivn Bebwidbedel@ss @8d thd STl g coxpiiidtinth asses may be
part of th§ Devi.cel.nterface cgrrponent. 1) MSCDevicel nterface m.a¥hbe a
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Devicelnterface component. ( 1) MSCDevicelnterface may be a class that provides a

high level API for MSC 10 to communicate with devices. There may be one instance of
this class for every connectidn to a physical or logical device attached to MSC 10. This
20  class may communicate ‘with the respective device by loading a device driver
conforming to the MSCCommInterface abstract class. The MSCDevicelnterface may
also serialize multiple communication r‘eque'sts to the device. After loading the device
driver, this class may first call the injt() method followed by multiple setQ) methods t6
set the device parameters. Then the MSCDevicelInterface may call the open() method
25  followed by multiple write() and read() calls. Finally the MSCDevicelnterface may call
the close() method. (2) MSCDeviceInterfaceDAQO may be a class that.is a data access
helper class for the MSCDevicelnterface, which may make calls to a database from the
Devicelnterface component from this class. (3) MSCSocket may be a class that contains

a generic TCP/IP socket implementation with wrapper methods for low-level socket
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conform ng to the MSCConm nterface abstract class, The MsSCDevi cel nterface
may al so serialize multiple conmunication requests to the device. After

| oadi ng the device driver, this class may first call the Mt() method
followed by nmultiple set() methods to set the device paraneters. Then the
MSCDevi cel nterface may call the open() nmethod 25foll owed by multiple
wite() and read() calls. Finally the MSCDevi celnterface nay call the

cl ose() nethod. (2) MSCDevicelnterfaceDAO may be a class that is a data
access hel per class for the MSCDevicelnterface, which may nake calls to a
dat abase fromthe Devicelnterface conponent fromthis class. (3) MSCSocket
may be a class that contains a generic TCP/IP socket -inplenmentation with
wr apper nethods for |ow | evel socket comrunication. (4) MSCServer Socket
may be a class that uses the MSCSocket class to inplenent the server side
TCP/ I P socket connections. (5) MSCO ientSocket may be a class that uses the
MSCSocket class to inplenent the client side TCP/IP socket connecti ons.

5Accor di nged@manRashs of) MSCSIFadh Rl ngbetd@adithe hasele MEGRLker@ides, a
User | nt er f aceConmuni cati on onent may be used to facilitate

Communi cat FOHBETBBRCT oS HBECERF verep oo asatian (hoAseElientiodkst iy tra

purpose of i ML LAHMSCE ofleet claB toGRPIdnXnt Ye dIRAt HEPPCPIIRYodtaat US, tWO

i nstances of this conponent may be used in MSC server 20, i.e.,

Ul Cont r ol CEPRvEH@Rfer used for control nessages and 10 U St at usCommManager

used fof status ATRSIHILS. asSRM 60 SRTIAAER FRYE ASkibdddaNGeQlhatlly, 4 he MSC

server 20, |.e., can be b| directional . Status nessages nmay onIy go out of

server 20. Y% sationeompRneRtiedt bowsr o fasiifeeropaswacatioRe sever

wai ts for bmemheék@smew&bo%@dmamcw &%a@nhma RQRReeF baAmLRdWeast, The
ar

foll owi ng exenpl ary cl asses m hi s conponent. 15( lL?
MVBCUI cOmwaﬁagfgr ool for r@mﬁﬁ*ﬂa PRI w inFrRBse L éhlaé%%@ﬁmf maY BgIusadinng

the server VAL sqbbCld, TRY THEEntFSHOMRMBRIRE SsdiFof UMM hedd@edrdd the GU 40,
and may be_used to send both control and di agnosti cs msssages to the GU
40. Whéh t HeSeBsRemmManaasy usrd fonstetameysagss. abPRisd epsFagsiMayEodnand @t t he

server 20 ppiheadbhedij£as, 91 o,R8n QQBpgﬁédt@ﬂalbYStéﬁgHﬁ§§a‘g5‘é}m§sp%nl§~éo 48 dfo send
identifying information, 20e.g., the user encrypted password,

and, if aubaiesitdddbromayahsrstore hruridireaional Tndpth eass, thiy EVeHuaigovrde i on.

(2) MBCUI Megt adelib34iBAR  thEBYmAGn RafdAShnklifn ;%aﬁ(es?erﬂéft@@o& gleRE 'IpYa@yCO”t rol
nmessages fromthe GU 40 created and managed by the CUl Comm vl anager 540,

560. This elRrasss magberapart of thisgorwenrenthr ead so t hat |ts host conponent
thread;gloes not (Q%S@M@E&%Mﬁhdg‘gr h&%e%@oﬁﬂﬂurﬂ?&(mﬁ%t\éﬁ‘aéé Dwkéh {h%QﬁJI’e 25

messages fromth ssagelranslator, may be a cl ass that
t r ans| at es4@ ppé e sshgs 2hpshisgh awmytuse ?QWE’rSO@bﬁééo va@@te\ré&s@e GAbtheeds

to be thr e@r@i m%?fb@ u@&f@%ﬁd B%Qo%m@mg{lc%gssag’g(?o #\dUT 40. When
U Messageli st ener can cal
the connection may be mmaily established from the GUI 40, the server 20 may

authenticate the connection by requesting the GUT 40 to send identifying information,

20 e.g., the user ID and/or elncrypted password, and, if authentication fails, the server 20
may terminate the connection., (2)MSCUIMessagel.istener may be a class that may be
used to receive control messages from the GUI 40 created and managed by the
MSCUICommManager 540, 560. This class may run in a worker thread so that its host
component thread does not get blocked while this thread may be waiting to receive

25 .messages from the GUI 40. (3) MSC[J'IMessageTranslator, may be a class that
translates client side messages to server codes and vice versa, and needs to be thread-
safe because both UlCommManager 370, 370° and UlMessageListener can call it.

According to aspects of an embodiment of the disclosed subject matter a

' StatusManager 350 component may monitor the status of all devices, and also log status
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According to aspects of an enbodi nent O the disclosed subject matter a

St at usManager 350 conponent nmay nonitor the status of all devices, and al so
| og status nessages in MSC server 20. The follow ng exenplary cl asses may
be a part of this conponent. (1) MSCStatusManager nmay be a class that |ogs
status messages received fromanywhere in the system 10. It may al so create
and nmanage a status |loop to continuously poll devices for their status, and
if a fatal error is detected notify the 5 MSClobManager 310 class. (2)

VBCSt at usManagei DAO nay be a class that acts as a data access hel per cl ass
for MBCStatusManager 350. Calls to a database fromthe MSCStat usManager
class may be nade fromthis class. (3) MSCStatusLoop may be a class that
pol |l s devices that continuously polls devices for their status. The
IVBCSt at usLoop may nonitor the devices for fatal or error status

i ndi cations. The t oMSCSt atusLoon may al so retrieve values for certain
paraneters fromthe devices and post themto the GU 40. The MSCSt at usLoop
can al so rﬂ&s@e%tssmg@mdmt*ﬂaéﬂaﬁswgfeﬂeh{pes BRs&Q WA pRdorehRer system

or device paraneters have exceeded therr t olds, and if so, may al so
get the GQUCTHONEW. poMBchatsMappgarinea bl 4 olabsthetriegueaemesroiReeiveh up one

or nore selgghegwAiRlP &S00, 1€hR RS AhtEilLhalee WA op pETESSAgE I N

R
the formof an 1con anglleo? per% orma’custom acti on L%SI ng a SC%I pt. The

f ol | owi ng “eRbnIUEHY P birYiged S0 theimsatugarrbid e datalesrdsds detpctpy netify the at us | oop
to determ @%ﬂ% e I t te g%ggg d Args>
<Syst e?ﬁ Col\%’rsrgnd grgatﬁ@? §1>§M§£S' @ Sl *EA%%B%% é{l%]s Vi (E:'tg a%gmrand
and Ar gs> daRedricess leirarsinds o NBBE BlatusMaDaginaa st falls tok dyabaspiroamhRanes >

<Deri ved ANR 85 the
dat a acce?gggg}per %agééj%§S§ké%%®ggﬁgﬁﬁg%gq%FPESggﬁ#s—rﬁggi%%t b%£§ from

t he MBCSt aass g pols dedcdehsigontueustyqmilsibsiced fas $ici2BAusofiti ng to aspects
of an e”b%qg@g&&us@jooﬁ rﬁ?aydzjn&(ﬁltoqstﬁgdes\}i‘pés%xt FafRGE %op‘sta}rﬁy indications. The

10 MSCStatusl ogp may also retrieve values for certain parameters from the devices and

post them to the GUT 40. The MSCStatusLoop can also run systemn commands to check

if lifetime counters and other system or device parameters have exceeded their
thresholds, and if so, may also get the GUI 40 to perform one of the following requested
actions pop up one or more selected dialog box(es), display an error or warning
15 message in the form of an icon and/or perform a custom action using a script. The
following exemplary commands from a database may be run by the status Joop to
determine device and system status.
TellSystem <.System Command and Args> <System Command Results>
TellDevice <DeviceName with Device Command and Args> <Device Command
20 Results>.
DeriveStatus <Input Param Names> <Derived Param Name>
{4) MSCStatusLoopDAO may be a class that may be the data access helper class
- for MSCStatusLoop, with calls to a database from the MSCStatusLoop class being
made from this class.
25 According to aspects of an embodiment of the disclosed subject matter a Job
Processor component 312 may be a component that constitutes the workhorse of MSC
. server 20. The JobProcessor component 312 may execute jobs usinlg a command
interpreter like Python with command callbacks from the command library manager

'316. The command callbacks may be categorized into three groups, (1) Device
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Processor conponent 312 nmay be a conponent that constitutes the workhorse
of MSC server 20. The JobProcessor conponent 312 nmay execute jobs using a
command interpreter like Python with command cal | backs fromthe comand

l'i brary manager 316. The command cal | backs nmay be categorized into three
groups, (1) Device conrnan6 for comunication with devices, (2) Data
commands for data transfer with the MSC 10 and (3) System comrands for
comuni cating with the MSC 10. The data object nanager 320 may facilitate
the inplenentati on of data commands. The foll owi ng exenplary classes may be
a part of this conponent. (1)MSClobProcessor 312 may be a class that
executes jobs using a Python interpreter, and al so provides call backs from
a Python scripting engi ne using the MSCConunandLi braryManager 316. The
MSCJobProcessor may decode encoded secripts retrieved fromthe MSC schena
dat abase 24. (2) MsSCCommandLi braryManager may be a class that contains

cal | backs for the Python Scripting engine, which nay be classified into
three gro ) tem
cal | bac ks%@%pgéq%a% %gma’l?gﬁcég%%gev‘?é gg%n@a‘%‘%&%ﬁ%% (%%]g%r(&%lre\ﬁ?ﬂies

Dat a cal | BheMSC 46 ard (D\Bystnr mmbndsffodanmﬁmpatgw@mhedéSCdQ aig dakxi pe
par amet er s, Le | and system
cont rol fun %¥§1na §Eb$ﬁék§cﬁ?ate%e9mg;?§{§% é‘gﬁogggn‘%%% ?? Fg%(s may be
supported fbﬂmmrﬂgﬁmmplalﬁsmssqsunayhlal mfmiscmpDWMMnd>

oot Par anneguoet OHRL S ER L L IRTTRNE 2 (S ARETREARIE BB s e

<Devi ceNarv:eHbmkefmgeBeﬂI@mi wymimmmmwam@mwbraqumm%

P mval t Na
< the. nand aYSH g 1 SR PROGTL L R SRR e 12T 7
t he devi calatabaseddl (20 MEUCpy mgelafggerntay (blarass This conaimg sallbasky) . |
) Getco““eclﬁﬁh%tx*ﬁhon%p@g ?E#n ,[2\%51‘8 %b@%‘(els%ed?rﬂ@ k85 BRUSE(GUvRE one of

the two values
10 callbacks, (2) data callbacks, and (3) system callbacks Device callbacks can provide

communication with the devices. Data calibacks can allow reirieval of data for system,
device and recipe parameters, System callbacks can e.g'., provide message logging and
system control functionality.
The following exemplary command callbacks may be supported from Python
15 script: '
" TellDevice-<DeviceName> <DeviceCommand> <CommandArg>
TellSystem <SystemC6mmand> <CommandArg> |
GetValue <GetParamName>
PutValue <SetParamName> <SetParamValue>
20 LogMessage <DeviceName> <MessageSeverity> <MessageText>
LogParameter <ParamName> <ParamVélde>
RunProcedure <ProcName> <ProcType> <ProcArg>. <DeviceName > is the name of
the device to send the device command. <DeviceCommand> is the device command in
Neutral Language Format (NLF). The command, e.g., “GetConnectStatus” can be sent
25  toany aevice. The response can be one of the two values, e.g., “OK” (if the device is
currently connected) and “NOK?” (if failed to connect to the device).
<SysternCommand> may be one of the following (1) StartStatusLoop, (2)
StopStatusLoop. <GetParamName> may be one of the following (1}

Data.<UserParamName>, (2) Device.<DeviceName>.<DeviceParamName>, (3)
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currently connected) and "NOK" (if failed to connect to the device).

<Syst enCommand> nmay be one of the followng (1) StartStatusLoop, (2)

St opSt at usLoop. <Cet Par amNane> nay be one of the follow ng (1)

Dat a. <User Par anNanme>, (2) Devi ce. <Devi ceNane>. <Devi cePar amNanme>, (3)

Modul e. <Mbdul eNanme>. <Mbdul ePar anNane>, (4)

Conmponent . <Modul eNanme>. <Conponent Nanme>. <Conponent Par amNane>, (5)

Syst em <SysPar amNane>, (6) Task.Nanme, (7) Task.<TaskParamNanme>, (8)

Lot. Name, (9) Lot.FirstRecipe, (10) Lot.NextRecipe, (I1) Recipe.Nane (12)
5Reci pe. Firstlmage, (13) Recipe. Nextlmage, (14) Reci pe. <Reci peParanmNarne>,
(15) I mage. Nane, (16) | mage. <l nmagePararri Nane> <Set Par anNane> may be one of
the followi ng (1) Data.<UserParanmnName>, (2) System <SysParamNane>, (3)
Modul e. <Modul eNanme>. <Mbdul ePar anNane>, (4)

Conponent . <Mbdul eName>. <Conponent Name>. <Conponent Par anName>. _
10<MessageSeverity> may be one of the followng (1) "Fatal", (2) "Error",

(3) "VMrnipg. "I nf Q" a me he the same as the
<Cet Par ank@‘%é’;‘%@ﬁ?%‘éﬁ%’f?@iﬁ% '@éeﬂg?%%ﬁﬁ%%’@ a stored procedure in the MSC
Schema datCabgsecdddbdTETaB00XCdapabasHameP<ebypesntBaypnsrend>, {5k he type of

result set returhed b he _stqr. ocedur, | 0" - mal result
set and " .ystpwﬁys?gpmfeg ’ t@r@glf% S J?gi P }g%’gﬁwgarea{@r%@%ﬁ%f :
MSCConmmanillonNarmgy &0 &ot.FayRbape (W0 ap@eve:tRaspe,(dl) Révépdyame il Honmand
interpreter 31 ich | oad, .and _exe th schipt Lifetinme
counters C@Siﬁfﬁﬁh@r"ﬁg%’ (o Bestpn-Hed ﬁgebgﬂlégwgﬁjéeté%tcf%? G‘B@aé“de >b§lst}si ng
modul ar i z&shafy/NbB, Q6 pige. <lhagekanmphaarpsul ate | ogic for updating the
counters. The t hon ripts can access lifeti ount.er s, or Qt her
Modul e i nf or mat Sﬂm %8§?%§”Fﬁie@EFVgaﬁgggﬂﬁuggﬁb@ﬁ%é&@%ﬁ%%%ﬁgﬂéﬁd’ggssing
Modul e. <MsgteRINSR Para vt £Pay )avidéure xMddulaNgmsne s od Me# alaeNoarees, (4)
<Conponent NaMe>. < t Par a ne> argunents. To support._inproved
error han qnﬁlj’?erft%}g’g‘fqﬁlgﬁmgﬁ'?“’“%o 81?&85’& ﬁ%?@%oﬂtef’%ﬁ%anﬁﬁ%n?‘%sune
executipon at t hei@aexdeS2bdritRg enagrbengxtof tieciofiewinstigabatall’, OfiErmodi, (B | ust
wth the Q%asz}milngl’,'(li) “Info”. <ParamName> may be the same as the <GetParamName>.

<ProcName> rhay be the name of a stored procedure in the MSC Schema database 24

of TCZ 900X database. <ProcType> may specify the type of result set returned by the

stored procedure call 0” — for normal result set and “1” — for reference cursor based

15 result set.

(3) MSCCommandInterpreter may be a wrapper class for the Python command

interpreter 314, which may load and execute Python scripts.
Lifetime counters of components in modules can be congistently updated by
using modularized Python scripts that can encapsulate logic for updating the counters.
20  The Python scripts can access lifetime counters or any other Module information by
using the GetValue and SetValue commands and passing
Module,<ModuleName>.<ModuleParamName> or Component.<ModuleName>.
<CompomntNafne>.<ComponentParamName> as arguments. To support improved
error handling, the Python scripts can catch exceptions and resume execution at the next
25  irmage or next recipe instead of continuing just with the next lot.
(4) MSCDataObjectManager may be a class that implements the data retrieval
capabilities provided by the Data callbacks defined in MSCComm andLibraryManager.
1t allows retrieval of system, device, project, lot, task, lot and recipe parameters. It

allows setting and retrieval of user defined parameters from Pythbn script.
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(4) MSCDat aObi ect Manager may be a class that inplenments the data retrieva
capabilities provided by the Data call backs defined in

MSCConr nandLi braryl Vl anager. It allows retrieval of system device,
project, lot, task, lot and recipe paraneters. It allows setting and
retrieval of user defined paraneters from Python script. Job
Manager 30 may be a conponent which nay be a gat ekeeper of the MSC server
20, which may respond to the control nmessages fromthe GJ 40 and control
job execution. The follow ng cl asses may be part of this component. (1)
M5CJobManager 30 may be a class that responds to the control nessages sent
fromthe GQUI 40, and also 5notifies the GU 40 of any significant events
like fatal errors in the server 20. The MsSCJobManager 30 services the jobs
in the job queue. The MsClobManager 30 uses the MSCJobProcessor 42 to
execute jobs. If the MsClobManager 30 receives notification fromthe
JobSchedul er 32 that a job may be added to the job queue, the MsSClobManager

30 sends a contyal e | 4 sking it t r 0di spl ay
of the job queugglﬁgﬁéﬁgggméggg%5Oﬁ%%§ﬂgﬁ“lﬁ%nﬁﬁkgaﬁgﬁgs%?ﬁéﬂw%@%% Manager
30 revert setvee 2P obhiqewsy respostl epthedatrol hedshgesdysh era G #albed Ea@rtrad job
ore-contt Sl T8Ubuo L Mg Ao SR LIS (O RAaLRD 19 2
hel per cl &9smipbe & hiesivBalekidnda ge the3Rntraindessagaes seatl frem the GUHAD adpdsadsof r om

t he JobMa s t.fromthis. class,,l e JohSchedul er, .3 y be a
conponent 1ehes SETBATFEbe o B Pt & 8RF e B G Ron B F R 02 e

proj ect sd8gikddarsizer 3¢isdrnicehthe JBEG ischejoh quihe Tial MW visMehassBdugan be
part of th ent . MECJobSche er, be | ass _that reads

t he proje2¥§scﬁgg§?%§£$9é%gF%%wag?éﬁﬁkg?hﬁéggé#ﬂﬁé%ﬁ¥¥é§@%&?Vg§ecution tine
for each sohédatiedijabhe frbdehaiuldréd2shitedub et yf earidéd tsthe jab duasie, the. g.

based on %Q .5m§%§CUt}&9 20t i me tralnd uses, the gggﬁc eduH%rf%gEét | ass to
wait unti I“‘Ege—evre%%?r OnSTE PR PIIRERas Pabe B iPETESCREYNTE T t he

list, 1ohi cd;spdamf tee ]g:b qL?ﬁe.yﬁ'&Hemmsﬁ@_ﬁﬁulimtﬂeQbi_s ql_lc&x.egthﬁ Msc?mmd I gg;jatBOqueue
runni ng inde en of tinme,.thus. e.g., awaiti.ng t-he schedul.ed tone to
Gueue ap | TOREEBh ket S BR MR 5o Ham AR FYE 5P S RERTED FPERHoNdi ng
to the fisis the dedudeiniakrohe dtits bytronidihea erddelinetilBearidbb paisleste (2)such t hat,
anyt hi ng al on t 5j ob _queu et priaority. The edul er 32
repeat s tﬁ#égﬁﬂééggéﬁaﬁﬁék—w%@’5&?5?%a?ﬁgsk%%ﬁ%ﬁ§%ﬁgﬁﬁ$55§§§§§33§§“}uns in
its own tBi0gamt miakdcdliszo awiatabs:shera ltbonhbMdnagtsdonifenthtafrors tdwalakor the j ob

processor in FIG 9, ready to process any inconm ng nessages. Al so,
schedubed j obs Fieylob8clgeduler AR noayl be ancdripanear thysdchadudesf johggropaces for

execution using predefined project schedules stored in the MSC schema. The following
classes can be part of this component. (1) MSCJobScheduler 32 may be a class that

reads the project schedules from the database, determnines the next execution time for
each scheduled job, orders thé'schedules from first to last, .g., based on their execution

20  time, and uses the MSCSchedulerTimer class to wait until the execution time is reached
for the first schedule in the list, which can, e.g., be used to schedule jobs, e.g., with the
Job queue running independently of time, thus, e.g., awaiting the scheduled tome to

queue up jobs, The MSCJobScheduler 32 then adds the project corresponding to the

first schedule in the list to the end of the job queue, such that, anything aiready on the
25 job queue get priority. The MSCJobScheduler 32 repeats this process until MSC exits.

The MSCJobScheduler 32 class runs in its own thread with its own MessageLoop,

similar to that shown for the job processor in FIG. 9, ready to process any incoming

messages. Also, scheduled jobs may, e.g., run only within a system defined pre-
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configured tinme wi ndow. They can not be executed outside the tine w ndow
and a warni ng nessage can be logged if they m ssed their w ndow. The
QU 40 nay be expected to notify the MSClobSchedul er 32 cl ass when users
create, update, or delete projects. In response to this notification, the
M5CJobSchedul er 32 cl ass updates the schedul ed projects execution tines by
retrieving the project schedules fromthe MSC Schema dat abase 24 and
re-eval uating the project execution tinmes. The MSCJobSchedul er 32 can al so
interrupt the MSCSchedulerTinmer if this class is already using it for
waiting. (2) MSCSchedul erTimer may be a class that runs in its own thread
with its own 10 MessagelLoop. The MSCSchedul er Ti mer nmay be a hel per cl ass
for the MSCJobSchedul er 32 class. The MSCSchedul erTimer waits until the
given tinme is elapsed and then notifies the MSCIobSchedul er 32 cl ass that
the tinme has el apsed and waits for an incom ng nessage fromthe
MSCJobSchedul er 32 class. (3) MESInterface 80 may be a conponent that
provi des Q@%&%‘&ﬂ&@inﬁi@w@%eﬁaﬁ hOBl BRcREd BBk 15 §he Rinddw endES 80
using SEM SECS/ GEM i nterface standards. . ServerDaenon may be a
conponent WHBMEABEFEageRanthsdogas Af Bep grissed tlsir WHEONBC server 20, The
follow ng cl asses can be part of this conponen I\/BCServerl\/vg}iFn may be

t. (1
the mai n progr ahsSH! ¢h@ayee expegred t .tif)’fhecﬁ/légtf‘éésc FY s Bt WeVBCSer ver

20 to managersicheus gk, &Qieiée@&b;%&al1htre|zfsfpoﬁ§e)towﬁ@§eﬁﬁ@arﬁoa9th%0 cl ass may be

the stand .in for the MSC server itse It | oads system caonfiguration,

st ar t s SandpkiebSeheduler 3 ¢lagsppdasethserhedulesopreispis sreqtion teprsRySeRHVIng

shut down, thd pefQRscitldhies FTROMENISC RRHerhh AAABasH D488 GLEFASatirglthe BRFedtnk
script on starf up. It _also perforns crash recovery if ne

eded. (3),

MBCSer ver [SKESUHRR tHaes neheddglehSicheduleraiZen alyojaterppy th%@@ng ".}mm

call's to detradbass ik aRRAENAINAL Bwaenponent can be nmade fromthis 25 class.
(4) MsSCDaenon c] ass provides functionality to convert the call,i ng (gr ogram
into a deamon. ¢ M—%%&w Thagr By besskss that By da 1ty o heead it iy

det aches 'tMesseasnadp. feMitdScialRPT#her may be a hdiferdghdi #:QRet 0 t he above
conponents, an external USB interface conponent may be used to, communi cate -
Wi th the dURErePSsbedlexi% orssadimMBCS ehedaler Biampr vaits gntiche BASTEHHE S product
of Cyner, didfsed hitPiheH $88fieLthd MS @IHIRRAUARELIAAS hat helife hasabps3dAnd may be
used to get diagnostics information fromthe Laser 330'. MSC 10 treats

5COLDAS gMaitsfonan Bygppune mevreserapdhe dhvetobscheguier 39&iasy a devi ce dri ver

that confornms t@gwmmaeé 85 A De a compond@hMREviled @maasicaes @unaf MSC
10 may be described using screen sketches for BI‘I ma}%%{ schens in the U, as

shown ¥n a0 the erenakystpe like MEFHR wsing SAhSERCHY iplvefas sradudy of

packages (fromdwg$iaein®n MGNRSH dorhfbrVBGhid dontdiTRE MLepHIBE f6:0h8 Package
contai ns conmon classesS used by all” packages in.
MSC server 20. The following classes can be part of this component. (1)

MSCServerMain may be the main program for the MSC server 20. It creates an
instance of MSCServer 20 to manage the server 20 functionality. (2) MSCServer 20
20  class may be the stand in for the MSC server 20 itself. It loads system configuration,
starts and.initializes all the MSC server 20 components, On system shutdown, it stops
all components and cleans up resources. It runs init script on start up. It also performs
crash recovery if needed. (3) MSCServerDDAQ may be the data access helper class for
MSCServer 20. All calls to database from the Server component can be made from this
25  class. (4) MSCDgzemgn class provides functionality to convert the calling program into
a deamon. It forks two new processes, creates a new session, and detaches the daemon

from the console. -
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the GU 40. It also contains the main() nethod to start GU 40. The
follow ng major classes can be part of this package. Constants may
be a class that contains constants used throughout the GU 40. Default Panel
may be the base class for all panels used in GU 40. It inplenents
15functionality comon to all panels. MSCS ystenProperties ny be a cl ass
that | oads system | evel properties froma database that can be used to
control the look and feel of GU screens. Start MSC nay be the class with
mai n() nethod to start the GUJ 40. MSCDynParam cl asses provide the display
and update functionality of dynam c paraneter screens in the GJ 40. These
cl asses use the standard Model View 20Controller (MVC) design pattern with
the controller, nodel and view classes. The ice9.nsc.util package contains
common utility nmethods used by all packages in the GU 40. It contains
utility nmethods to | oad i nmages, validate data in fields, sort data in
tables etc. The ice9.nsc.comm package facilitates comunication between GU
40 and the ser i t dRRRaeeN

25provi des a hF‘SEd% fgf&@%ﬁ?ﬁ%&g&%ﬁg Pgeﬂg@c%g%%t?;ggrg% 45 u&ﬁ'{:] JDBC
APl in Japgusehie cpmmwaigwﬂhdbse@n@a@eweeqo@rﬁeaﬂ Mefrejopn8ikagalso( 1)

Socket Conie bk 81500 £ ol AT the BIMIAL GRL1 08, HEORBA GibdRel D thdEadetl 40,
(2) ComtandSocket Conn” uses the Socket Conn class to send and _recei ve control
messages B30amuyiheorved egeeagoste infarnatidreliromgbabeser 34Nt MECHIRdr sty ver 20
includg t r I LR Reghipn 1S
first gst%%ﬁgﬁafﬁgls %%e#%%g%gggﬁ%eﬁlggi?é%on 1Detéorh§ﬂ1gggce a{:cgss
control . (SMIGCynudttedBcket Conn uses the Socket Conn class to receive

status nessage I W ds £
connect i vi pt)%;/n dg\];%ég & ;B&?fa%gﬁé!sﬁgn Of@ t abase QE?\%@? ?%ﬁﬁﬁg &réé@éléé?dg %hoer MSC

dat abase. ang) Serpgns iommﬁbtaﬁ@howsumﬂlédefmeﬂéﬁhﬁﬁ(%ss i ’ﬁhq fﬁ—‘éIOWSEE ey 8at abase
can be ex The
00 e SLB STELENS 08 WRORIILARLS) WNEEGEE, users o vari ous

featurés in th&halke %mSCJCDre\mwa@@mtanwommgm plasses ushskboral paskaggsdess
contr ol b%§§etﬁﬂot &}Sgc;nte"f’m%_ﬁ‘le%algg (]JCi %V!tﬁ'gGgI@@S%quﬁb g%’ar&r of this

package: currty ogs I'n a user aroléinto the
system ba$@3sqmanlbepsewtﬁrthmya¢l§age It supports two types of security:

User - based sec Lﬁdn%%nﬁﬂﬂ ﬁg ) 91&9@&%@0&1@&% J:c;rbétanlzs ust':g' fhray, %togmhmp@o

configured to securit expects user user password

to be suprﬂﬂ_@ld.__%nc_ miehe thertise ches foé)laé Péléﬂifi peddn i dt frpese fromthe
dat ab qg @E]t_fg tcgﬁ{mmdalk%inegsh%§ 8L & exl?faes ﬁﬁgfﬂega%l%q thf? 1081
gr oup- base Sec Y, and user ED to be

suppl i ed. systewdpeed propsriids foam ardatabase t@@trcamb@nlswm@yehtheé@olﬁ el fgplcPt t he
system knoysy whQnkS sthBSE $haSd 9 cldi€ with mainQ method to start the GUI 40.

MSCDynParam classes provide the display and update functionality of dynamic

parameter screens in the GUI 40. These classes use the standard Model View
20 Controller (IMVC) design pattern with the controller, mode! and view classes.

The ice9.msc.util package contains common utility methods used by all
packages in the GUI 40, It contains utility methods to load images, validate data in
fields, sort data in tables etc. The ice9.msc.comm package facilitates communication
between GUI 40 and the sérver 20 using TCP/IP socket API in Java. This package also

25  provides a high level abstraction for data access from GUI 40 using JDBC APl in Java.

The following classes can be part of this package. (1) SocketConn implements the
socket communication using TCP/IP in the GUI 40. (2) CommandSocketConn uses the

SocketConn class to send and receive control messages to and from the server 20. All

" the messages sent to the server 20 include the session ID returned by the server 20 when
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system and the role he/she can be playing. Fromthe role, it can determ ne
the user perm ssions. Rol es and perm ssions can be pre-defined.
They can be stored in the OEM 20schenma. There can be three common rol es:
Qperator (Process Engineer); Service Engineer (Filed Service Engineer); and
Adm ni strator. Perm ssions can be defined for each role using the
actions they can perform There can be five common actions the users can
performon any feature: View, Create; Mdify;, Delete; Execute. 25The system
all ows permssions to be set at any level by the MSC supplier (OCEM.
Per m ssions can ‘be set at the followi ng |evels: System Feature; Entity.
Perm ssions set at the Systemlevel (i.e. Database |evel) can be overridden
by the perm ssions set at the Feature level (i.e. Table level), which in
turn can be overridden by the perm ssions set at the Entity level (i.e
Field level)." Two i nportant nethods of this class can be: bool is
Al l oned (string SessionlD, string FeaturelD, string ActionCode); bool

checkPer mtﬁé&&ﬁe&%&d is @Est%@t%.ﬁhémh Dirhé bérl B (P@¥HiS Sk 604 DD 16 bifoR@ access
ActionCode). The boo! is | owed net hod can be used to check access for a

gi ven f eatc@nol. 5B} _me_ﬁ@éeg&f;@_rhws Hhe HrkeECopmelsy RaeeyYs ¥8M¥8ndi ng nenu
or button & %g lﬁ%‘rr?ﬁl@'s@xd/er TW B@Bﬁﬁ mﬁae@ A anBBRidNRMnEAVIR e T O

check fi el security exanp perm ssion | D my be
attached tees. aaiaa’glpqé%ma?r@%mecﬁﬂﬂﬁ‘@ﬂﬁ?&ﬁ@@s@ﬁémbﬁ% e<phthihg par anet er

row in th%oﬁrﬂcu%ﬁ”st&%d %@h@ﬁéﬁi&@%% 1025882 ah BE ek &Iutd o \Fridoe hidm t he
checkPermSS| ono net An ice9.nsc. sysconfig package allows users to
updat e syswéatealain ldé\dS@éOconfl guratl on information. It uses MSCDynParam

classes from thg,d JEQ@mrsr@Qecﬁﬂf@pé&ﬁ%%aﬂ@detngcgbssmd%tlﬁﬁQeyQM & aysbem and
device configurati onrﬁ‘gar anet ers nmber and content of t?%ﬁggn t he

syst em corfeitgiesan Ot el viaigatpransgaioginslé defeimiars aq9gEafanyro f3b may be
di spl ayed £,00,s£8GB1ed e GE1A g%%glasteantb%a%@ml@pac&&éﬁ | ce9. msc. Stat us

package allows users to view (he status nessageées from MSC server

al so aPl ows useSesuriyManaper: Thisalass logssgagesr adels ibie the Sést@mt"iaFﬁ%‘d“ ine'
severity ARd.5SAA0%: SABRNIo bipedSERcliG: Saiatdsdiude) ol OMpINLED | er

(MVC) design h the ntroller,” nodel and view cl asses. gg
di spl ayi ngestnrawuéf the sEsere snayt brecomfigured to be pasdases Ry SitAKPRAEREE Ji-

messages ff,aMstNGsSE5Mah beQupfitadl §EReMBALOMIrole comresponding to the user from
the database. On the other hand, if the system may be configured to be group-based

15  security, it expects role ID, role password and user ID to be supplied. Irrespective of
which configuration is chosen, at the end, the system knows who is the user using the
system and the role he/she can be playing. From the role, it can determine the user
permissions.

Roles and permissions can be pre-defined. They can be stored in the OEM

20 schema, There can be three common roles: Operator (Process Engineer); Service

‘Engineer (Filed Service Engineer); and Administratpr.
Permissions can be defined for each role using the actions they can perform.
There can be five common actions the users can perform on any feature: View; Cx:eate;
Modify; Delete; Execute, -

25 The system allows permissions to be set at any level by the MSC supplier

(OEM). Permissions can be set at the followin g levels: System; Feature; Entity.
Permissions set at the System level (i.e. Database level) can be overridden by
the permissions set at the Feature level (i.e. Table level), which in turn can be

overridden by the permissions set at the Entity level (i.e. Ficld level).
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20package allows users ,to create, update, and delete projects in GU . It
uses the standard Model View Controller (MVC) design pattern with the
controller, nodel and view classes. This package also allows users to

provi de schedul es for projects. A project nay be limted to at nost one
schedul e. Tasks may have a paraneter to indicate if it can be schedul ed or
not. A project cannot be scheduled if it contains tasks that prohibit
25scheduling. If a task's schedul abl e paraneter changes, the system can
re-validate the schedul es containing that task and notify the user if a
schedul ed task becones unschedul able. If the user decides to use tenplate
based project screens for control, diagnostics or downl oad, custom screens
can be di splayed using the requested tenplate. The saving and retrieval of
the project data into and out of the database can still be done using the
standard project definition (i.e. a project may be sinply a collection of
tasks with task paraneters). So, the tenpl ate-based customlogic in the GJ
can convert th ﬁ@qg e §{édgaer mat and
t he tenpl at e- Eb}%s&eghgog%{lg%te grg?rgi( oasfs(eﬁ%pe?%@\%r[?ilgﬂgd %E)rpy ggtoggfor oj ects
an )(ML fsmrrm’feaaacﬂbetru%@ctx@ﬂosieybe&@e@kP@HmSB@mﬁsfedgtS@Swﬁ effinghe ) (MC,
to a text f of project information. The project
schedul e i n trﬁn%chth% %\El)gedg?ncl uded in the inport/export of projects.
Al so, the |rrporTHerte>pl aa@ld\mﬁﬂ methallicay berasedriohésk avagisdet eaivemfeatifport can
create.a r name

al roady e)’}?gﬁepacé’élsg?s nota lofv%&‘ ik CSHggoﬁ?sﬁ%%%%?R it {.j@ Ji lFbﬁdLgéd!Fd

secti ons: Tm@hhéétinnm&nd()tmﬁhbd)daw beluped hsclreek el fentlegeirity. 8§ farhe export ed

el uded | ATRE: ReSE HECL B e HRAES AR AR i e PR SRE ) O0 St on
doesn' t mabokspdndinggmiamsdter e inrthe G/l mesadt mgpbdetdisansd bassdontirgretan be

dlsplayed B! i.opor.t . ion can then proceed or abort based on
user's choi gueeuf?TBAhec @ED%, S ng]emg pgckage allows users to create, update,

del et &0 copy anﬁnmﬁmpﬁgpamga hbbws agsowi \gidett sysmgeandidevi@el . |t uses
a st andard ConI roI r gntroller,
model and Wi egﬁ 1%%%%““% 1(1:55?1 orga |zgénggkaig%é;ﬁ%&2mr? l%b Ifn%'gccs} These

fol ders nepackage tbmsphaalanﬂmﬂpdmlesystmtahé devibecenfigueationTragathetedeThiai er ar chy
t ild | at i be st L t hor t
32 T TP SR EER B T ke R g e

Usually, one tab may be displayed for each device attached to the MSC 10,

15 An ice9.msc.status package allows users to view the status messages from MSC

server 20. It also allows users to filter status messages based on, e.g., timing, severity
and message content. If uses the standard Model View Controller (MVC) design
pattern with the controller, model and view classes. For displaying status messages, the
GUI 40 listens to the “StatusMessage” messages from the server 20, An ice9.msc.proj
20  package allows users to create, update, and delete projects in GUI.. It uses the standard
Model View Controller (MVC) design pattern with the controller, model and view
classes. This package also allows users to provide schedules for projects. A project
may be limited to at most one schedule, Tasks may have a parameter to indicate if it
can be scheduled or not. A project cannot be scheduled if it contains tasks that prohibit
25  scheduling. If a task’s schedulable parameter changes, the system can re-validate the
schedules containing that task and notify the user if a scheduled task becomes un-
schedulable. If the user decides to use template based project screens for control,
diagnostics or download, custom screens can be displayed using the requested template.

The saving and retrieval of the project data into and out of the database can still be done
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a recipe includes its folder hierarchy. The folder names in the | ong nanme
of a recipe can be separated by forward slashes (/). The GUI retrieves the
fol der hierarchy fromthe database arid displays it. Consistency checks for
reci pe and i mage paraneters include conparison anong reci pe paraneters. The
consi stency checks thensel ves can be stored 25in the CEM schema of the

dat abase along with other information of the reci pe and i mage paraneters.
For exanple, they may be stored as Irnage. EndX < Inmage. Start X. The GU
retrieves the checks fromthe OEM schema, substitutes the values for the
paraneters and eval uates the checks for true or false. To inport/export and
copy/ paste recipes, a XM_ format can be used. A styl esheet can be
used to convert the XM. to a text format for easy view ng of recipe and

i mge information. An inport creates a new recipe or inmage as appropriate.
It errors out if a recipe with the sane nane already exists. |Inmages can be
appended to the existing list of inages in a recipe, irrespective of the
names of i ' il f o ' e

a0, mac. 1 R e o B o ek e
by savi ng véitthigsh peremetraske foe tedampkitabisad crsorategie ircthe (1 gparrenvehthe

i ce9.rnsc. |41 ; : t | tSni N
G 1t O e T SR e Agte R M o
with the demegtofTiodmpontdeipae|and sepy/pesie plojestsan XIVS. oopey gpadedistdbt s, a W,
format ;can be : [ : | G SBGE I e eat e,
delete? reorde?%?gﬁﬁhgﬁégﬁﬁgufﬁﬁg(%Egﬁigﬁe GUF?%S?QF%H%%égﬁﬁ% gﬁgnﬁ%ers to
hal t, res@hergectinirmnajion Bhepgidchschefigle infoavaiguobay 0e tsdneluded in the ep or
conti nuou n egel: m t he
VBC serveﬁn%gg%FPbﬁfggH§?§%|g?&’?ﬁé¥@§?§§g%%?gggﬁéﬁﬁg§§?%?%iégg (%ﬁg'system
stat us. THE! HiPATERareieRte Griesmroistt. Sy sereerrartaut i Rralsst WEh thresamgnaits e

driven  McadplaUTRS oA Al Sbubofitlan Yl HANRQ LS SectibiAnLiRak N

pattern with the controller, n ] vi ew cl asses. en the user adds a
j ob t 30t henfdie brdsuudlo edraralbe intognaty|od ke experteddatatabashsph e ereated fer the

par aneter s d ek Edi : | q0thg: 4dd Job to Queue
screen 100?{9?‘??%@ r ar{'%g%ﬁ&%?céﬁ@ﬁd@%h? C Iil%g%oﬂne%t ﬁg SEﬁl1 t button brings up
t he corr espondi®uyifipdrt,|i§thedrasippbihediods setidn fdpesndy matah thee lopsh stesed ithst r at ed
inflG heading section, a warning can be displayed to user. The import operation can then
proceed or abort based on user’s choice.

15 An ice9.msc.recipe package allows users to create; update, delete, copy and

paste recipes and their associated images in GUI. It uses a standard Model View
Controller (MVC) design pattern with the controller, model and view classes. Users
can organize recipes using folders. These folders may not be real folders in the file
system. The folder hierarchy (as parent child relationships) can be stored in the

20  database. The short recipe names need not be unique across fol.ders. The long name of
a recipe includes its folder hierarchy. The folder names in the long name of a recipe can
be separated by forward slashes (/). The GUI retrieves the folder hierarchy from the
database and displays it. Consistency checks for recipe and image parameters include
comparison among recipe parameters. The coﬁsistency checks themselves can be stored _

25  inthe OEM schema of the databése along with other information of the recipe and
image parameters. For exa'mple, they may be stored as Image . EndX < Image.StartX.
The GUI retrieves the checks from the OEM schema, substitutes the values for the
parameters and evaluates the checks for true or false.

To import/export and copy/paste recipes, a XML format can be used.
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33. Alternatively, a new screen can be displayed listing only the
paraneters of the corresponding lot or project. Irrespective of whether the
user supplied runtinme parameters or not, the GU 40 can nake a copy of the
job in the database and add it to 25the job queue. The add job screen
100 may al so have a selection toggle 104 for indicating the type of job,

|l ot or job, which also toggles the list fromjobs to lots. It may display
the jobs that are selectable in a list 106. Once a selection is made the
user may click on the OK button 108 or the Cancel button 110. The
schedul ed jobs also get added to the end of the job queue when the
schedul es reach their execution time. Depending on a system configuration
paranmeter, if the job scheduler may be configured to be manual, then the
system pronpts the user before executing the job. On the other hand, if the
j ob scheduler is configured to be 5automatic, the job gets executed w thout
pronpting the user. For the graphical representation of cassette, for the

crystallization, qgr ics and for, the syst t al 1 . 40
listens to the A%Wi%ﬂ%%ﬁ&ﬁ?&“é#t%%é“s’%%@% r o&gtgg%t\ge,r vgiorz%ge}ﬁ%%?%l | owi ng
{)ﬁr arLret cFa)r sofrfa;yit p&)mcsmﬁgegm;ddmetifﬂ#l AAG)mﬁm'tt cmitytsa::lgwrz«apdﬁ oningagaphi cs, using

e LogParanet er coman ro e script: Lot. , e. :
| mage. Nane"fppi‘ﬁ@taggg.t Eﬂ?rrseqﬂlﬁgrec'pc WIFOT A% %zgl?esaéi ,%%éﬁpéﬁ%gis_ % h a
space to tdppeadedrioftic dkighs Kidt of invades én ofecipeeirStpaptive Clitheantnes phiroagsser . | f
the glass supstrate bﬁgﬁpﬁﬁtEd’ thﬁqﬁr¥stalIéz%k'oncgg%gg&ﬁ% pﬁqgrggt dj ust
accor dingl §.the inRgid - COTiESF IR O YR afig “val'ué"of *the par aneter,
t he " St at usRaé axmiret filoeas Bgesifddim dahmg adiavie ot 0 expotai detaintthe bxpatedt hat
15 can be ysed to indicate an action to be taken by the GUI 40. These

action att¥IHEEBs can be stored in the status table in the database. The
GUl 40 can use AHgc@Ghidbt hdlapdull@8s dsersdo cane, apdaronsd ddletehas iroliliwlng:

Pop-up a dialaog; D splay an icon or alar i gnal ; Show. aster| or :
excl amat i o‘t‘ﬁeﬁrﬁeks?a‘@é%b’éﬁeg}%ﬁ“f 88?“%%@&‘{;@@38?‘8?&? er&‘i‘gﬁ"g Y § 1}{06 e¥’based

acti onyy 20ABd41Gea Wee cesdsf | ow package provi des custom project screens. It

uses tenplates to render customyviews to create, nodify and execute
projects. It USEQCPMP%‘F%&%@ )ﬁmfﬁﬂmﬁ"&%gﬁﬁﬁ?dﬁroj package to store and

retri gve gr 0j eCh® iEdoomsd. i ;Mslgag&cdmwgu@eﬂs td;@e@ta,tc&bas,eeorﬂhi, anqbe:odca@eiog_ﬁn be
consi dered_as an_ahstractjon |ayer abqve the ice9. nsc,pro c . is
package reﬁﬂ’@r‘geﬁig‘*ﬁr 31‘@ P 2l HFgs E?ﬂ?ﬁr@P?‘?‘g%%’&?{?&eki@t{%ﬁéIﬁzag{%%sase,
using the jopet BSRALAepRRWeagRIORINS I10RhIeshdeerseshmatd] masshfes to
information contajned in the tenp]ates, Three tﬁrgl ates have nlaqﬁgs stemn

PHEF. IR £8°%

i dent i 15 edandramibeMSC egmer - LAtEe B5RI R R S 8 TN be
added as r geak; €He nlin@eRIdEdr@ant ORgyshen stanuk kibs cpabk dgebaedyiwed.sTis¢ andar d
project definitions into custo .ews. T [ an_use the custom vi ews
to create, SEHH HifditlF%/StﬁP%‘}raé‘fI%J& vﬁ%%?@fqrgmépg‘?ﬁ?%ﬁ?gﬁmc%ﬁ}gtehret s the
cust om Vi eysnhtRAeK rhdied ahdQict alBdas. dwpepfiraisetafds mijbh ante jdisquegesthe Wikt om
views, the users can al so execute projects jnteractivel . n r.s click
on the Exefliflowuthediies io SRBDIPNIRE SRBEGETHIN G euRe o ﬁ‘sﬁﬁb‘\r/ﬁhﬁ%@vﬁgﬁéi ne,
behi nd,¢ hepgcanesob 6 @aheScaeh 200,aNGtAEMSHIFIGE B4.t ORcinpon tieiidit butire 1 un
5imediately. It then displays the resylts hgf .%yhe rogect SXEGULL QD A t he
same cust ofsings up the correspondirg job lot or project’s odify seréen, €.g., as illusttated 1 .

33. Alternatively, a new screen can be displayed listing only the parameters of the

corresponding lot or project. Irre'spective of whether the user supplied runtime

parameters or not, the GUI 40 can make a copy of the job in the database and add it to

25  the job queue, :
The add job screen 100 may also have a selection toggle 104 for indicating the
type of job, lot or job, which also toggles the list from jobs to lots, It may display the
jobs that are selectable in a list 106, Once a selection is made the user may click on the

OK button 108 or the Cancel button 110.
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view by redirecting the status nessages in the status w ndow. An
i ce9.nmsc.reporting package allows users to |ist and view reports generated
by various server conponents in the system Accordi ng to aspects of
an enbodi ment of the disclosed subject matter a 10Dat abase Desi gn can
i ncl ude a database design of the MSC 10, as, e.g., described using tables.
Tabl es in the database can store security, job scheduling, nodule, and
reci pe hierarchy information. This can include a user table with user ID s
and passwords and the |evel of the user, e.g., the user's role, and can
i nclude other security, |like passwords 15 and perm ssions ascribed to the
particul ar user, e.g., as Process Engineer, Field Service Engi neer or
Adm nistrator. A table can track, e.g., sessions, e.g., a MSC.: Session
Table: with the follow ng data: SessionlD (PK); SessionUserl D
Sessi onRol el D; SessionType (GUI, NEES, etc.); SessionStartTi ne;
SessionEndTinme. A MSC.:Action Table may have the foll ow ng: ActionCode (PK)
(View, Create, o ! C. . Feature
Tabl e may incluggg ggﬁﬁ?k@% 205%55§ﬁ%£%?g%%gﬁﬁgﬁﬁg?%ﬂggﬁﬁhgﬁﬁyﬁs, Queue,
Schedul e etbejuleseachiheibesecutiondinzge. NBxhenAogensContenotorfigprasion mprantidtude t he
follow ng:; U L) - be

9: it TRALH SO bl tDcon BBl R, blablal, do] B SEEHT Srofihs AL 30
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and may; i n : I j : cﬁﬁhﬂ‘ . . e ; urly,
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can bring i i i , L oor 2144"
houn by uagar el e A B AL WG S Nerkd s M 1 136
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may i ncl udg; oMbl £ (PG 1t CRITPORBNE! P ol 1isp BT AT it hignal

Par anval ue;0 gnd aﬁ? _otieérgeéfélr%%rl '?&??@et géiﬁ%l %F’gégco urms.r ﬁ Egﬂ_a ’
VSC: : Reci p8iRoy depstuii er exsianiatiohudak; Beoldder4riei| PK)zzeRdladiarNgnastom script

Par ent Fol dgflBaction. '

20 An jce9.msc.workflow package provides custom project screens, It uses
tempiates to render custom views to create, modify and execute projects. [t uses the
classes of the ice9.msc.proj package to store and retrieve projects from the MSC
schema of the database. This package can be considered as an abstraction layer above
the ice9.mse.proj package. This package renders the project definitions retrieved from

25  the database, using the ice9.msc.proj package, as customized views based on the
information contained in the templates. Three témplatcs have been identified,
Diagnosis, Control and Download. Additional templates can be added as required. The
workflow engine in this package converts standard project definitions into custom

views. The users can use these custom views to create, and modify projects. The
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There can be added a SubstratelD to the LotRecipe table in addition to the
20Reci pel D, and in the Recipe table, a colum for the ParentFol derl D
Encoded scripts can be stored in the database. The foll owi ng paraneters nmay
be added to the system paraneter list in the database, SystemIdle Tineout
(in mnutes), Schedul er Manual / Automati c Mbde and Wndow to run schedul ed

tasks (in mnutes), along with the follow ng paraneter for tasks, i.e.,
Task can be schedul ed or not. The followi ng can 25be added to the Status
table, as, e.g., types of actions when the status checks fail, Pop up a

di al og box, Display an error or warning icon or Performa custom action
using a script. FIG' s 42a-E illustrate exenplary MSC dat abase 24 and OEM
dat abase 22 tables, such as an CEM formtabl e 2500, e.g., containing
formid (PK) and formnane data, which may be linked to an

OEM formvari abl e table 2502, e.g., containing for each form

vari abl e-1 abel, variable uom variable data type, variabl e type,

vari abl e_defasll - entdtd AR chRgtis! §8, cukdlh akgs MRkl daidkhe ¥ahiab! propeader
variable_list and variable intemal data. Also included may be an

MSC n2_dadafinitione Psi@ besustpm Yighs.ghe ysers garplse S¥afie puaredtagtyelvan

MSC_wat er wgial A, & hﬁ&%{?%é?@dﬁ@ BRI G SL eSS cMiPn K384, Qe dakifiondn

MSC_config_variabl e table 2506 contal ning, e.(g., vari abl e_name aEd

vari abl e_vagioe Hehindathd wandsBCreitasi &doly andapdds talsl Be2B04TvYALEI BF Ay e. g. ,
devi ce,i d; yaniahl e ' | Rexfufifn HWNske Wayord'
exanpl g i lméﬁﬁbg%/'\l'ilge ea%{ﬁ%%@?q%ggfégé@%B%degn uI\/IS%:—ra\/\,biaaam_header

t abl e 2530@jeveby hedi®cting tierstates mesparstin the staus winglesy. r b-i d data and

respective I b_tj , AN gYaY i eqCt i d
data and IinkeéLr{ﬂchéb?}nn}%'re th F@%@Fﬁ#gﬁgg‘%‘gépéﬁf gﬁ Jc')dne@‘{ gé%?gg 524 and '
MBC r awbedmvedbeusavérarmenmmbtes 2582 sgaeina MSC | i nebeam data tabl e 2522 and a
MSC _r awbeam dat 534, .th ; bRt NGattbe G-
respectively, | _citoﬁ"ghgb%l %S,L}De?%_%a%?%@ F%ﬁgm cé’lf;c:?1 uerzgélglggﬁztg%?éﬁaﬁ!e rb_nane
and | bovallesatabe Pabige datiecludihedatatisbe destgpol tiadiS6 38, w5 figaidsgSoribeg usingh | g,
rb_jd, | bﬁ%g ‘L:Sename, rb filemane and | b _diledata, rb _fil edata data. :
Shown in é "423 by way of exanple are additional OEM MSC dat abase tabl es.
An oem proj ect Tabidsein2BuOdataasaicari sgrepsespatt bl seirkdpling ropéde. Hehgescipe

o et o) By BLARASH R %o Hcfuac'd (VP RO o RET B3l pARIBRAA
the level of the user, e.g., the user’s role, and can include other security, like passwords

15 and permissions ascribed to the particular user, e.g., as Process Engineer, Field ngr{fice
Engineer or Administrator, A table can track, e.g., sessions, e.g., a MSC:: Session

Table: with the following data: SessionID (PK), SessionUserID; SessionRolelD;
SessionType (GUI, MES, ete.); SessionStartTimé; SessionEndTime. A MSC:Action

Table may have the following: ActionCode (PK) (View, Create, Update, Delete,

20 Execute etc.; ActionDesc. A MSCi.Feature ‘Table may include: FeatureCode (Lot,
Recipe, Project, Job, Status, Queue, Schedule etc.); FeatureDesc; and a

MSC::AccessControl Table amy include the following: FeatureCode (PK-1); PermID
(PK-1).

25 The PermIDD’s can also be added to the parameter tables in the OEM schema 22
to control access at the field Ievel.‘ A MSC::Schedule Table may be part of the
scheduling function, and may include the following: SchedulelD (PK); ScheduleType
(Hourly, Daily, Weekly, Monthly); RecurrenceTimes (i.e. Occurs Every);
RecurrencePeriodType (Day, Days, Week, Months); Recurrence Period; StartTime;
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20(PK), task _name, task _desc, and task_type data and to an oem project _task
tabl e 2546 and an nsc_project _task table 2548, each of which may contain
project _id, task id and task _sequence for the tasks in a project. The table
2540 may be linked also to an oem project _variable table 2542 which may
contain project_id and variabl e_nane data along with vari abl e-| abel,

vari abl e uom variabl e data_type, variable type, 25variable default,

vari abl e required, variable validator, variable order, variabletist and
variabl e intemal data. The table 2544 may be linked to an oemtask_variabl e
whi ch may contain task_id and variabl e-name data as well as variable_|abel,
vari abl e uom variabl e data_type, variable type, variable default,

vari abl e_required, variable_validator, variable_order, variabl elist and
variable_intemal data. The table 2548 may be linked to an nsc_proj ect
tabl e 2550 which may contain project_id data and project_nane,

proj ect _desc, and project_type data and may be linjked to an

aerithehe s ‘%‘%@“ MAIBLES ¢ Cisfhe GRIEIEE cent2 MY 2190 A1bTRRS 213 dal &
oem t ask_w&FIGbkEo53G5I1 end 380 ThW@hnam&yslmHtoarin Paity Weekhner Marthdbhpe name
data as W%e tzrﬂﬁn s%[ec ?A gcg\ ?Pﬁ ,tw?ﬁ@ﬁ Eiﬁpt%) e‘f@ggg@tﬂleescﬂééﬂgﬁ)(ﬂﬁdows
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vari abl e 8t #6214¢2211 48T of 2 544’ 5mbowaubvazbiyeofxﬂzumpn¢mﬂss respgelie SRERFDAI so be
an msc.qu t b y t vadatlly
queue_ m)dg&l%t% altag‘n 3%%9%%%3? Yk‘\}/ag?ggﬁ regg%tu%[ﬁgg Pﬁ%ﬂ? I%Hﬁ tocont ain
proj ect i dnd tvmhivdchadahngbasecamd)meahdhqsaswps@twméoaﬁa1%{21 b’ englfue

data, and BB o YiRbRGE R ahaf&bgumeg pIBAGGOD! By, HENST 2Rl M%ig“g

gueue_node way of exanp oem device ta
2570, whi bhsismy contain device id, device nane and isintemal data. The

table 2570 may bg.dd, %ggcﬁegu%pra%msgfn%suéeagémﬁéi@a ) eI bRy R N

device id, error nunber an ata;” "and
oem commmcﬁtwekmipnatctrdwhg RFalke); \Mﬁ\ﬂtﬁmmyomfbmeamd @IW%MP@UIE debfenRdy nane,

PO i B R e I SVC I e Rl e S 8AGH AR haPheRR7 O

whi ch may con Qi eV|c var | dbl'e_nane
vari abl e- [MidileILy K eBdrepenmm IDVE@IN-4) ICo nfanan Nape; Smnaﬁﬂmwpé\

vart 21 ot el KPR £ BT B OIS Shopiat b snger
| i nked t o Paranveéaiudpanided! abemgenerit adcrhme®58cﬂated columns. A |
15  MSC::ComponentParameter Table may include: ModulelD (PK-1); ComponentID
(PK-1); ParamName (PK-1); ParamValue; and all other generic parameter related
columns. A MSC::RecipeFolder Table may include: FolderID (PK); FolderName;
ParentFolderlD.
There can be added a SubstrateID to the LotRecipe table in addition to the
20 RecipelD, and in the Recipe table, a column for the ParentFolderID. Encoded scripfs
can be stored in the database, The following parameters may be added to the system
parameter list in the database, System Idle Timeout (in minutes), Scheduler
Manual/Automatic Mode and Window to run scheduled tasks (in minutes), along with
the following parameter for tasks, i.e., Task can be scheduled or not. The following can
25  be added to the Status table, as, e.g,, tyi)es of actions when the status checks fail, Pop up
| a dialog box, Display an error or waming icon or Perform a custom action using a .
script. '
FIG." s 42a-E illustrate exemplary MSC database 24 and OEM database 22
tables, such as an OEM_form table 2500, e.g., containing form_id (PK) and form_name
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whi ch may contain device_id and command_nane data as well as

| omt evel _command, df data conversion, nif data conversion and

| ookup_required data. The table 2570 nmay al so be |linked to an oem waqgm ng
tabl e 2582 which may contain device_id, warning_nunber and wam ng_nessage
data. The table 2570 and the table 2580 may 25 also be linked to an

oem status_command table 2578, which may contain device_id, callback _nane,
comand- par anet er, conmand_return_val ue and comand sequence dat a.

FIG 42D shows by way of exanple an nmsc_recipe table 2600 That contains
recipe_id table, recipe_nanme and reci pe_desc data and may be linked to an
nsc_recipe_|log table 2602 and an nsc_reci pe_variable table 2604, the table
2602 containing, for exanple, recipe_id, log tinestanp and | og_nessage data
and the tabl e 2604, contaai ning recipe_id, variable_name and vari abl e_val ue
data. The table 2600 may al so be linked to an nsc_|l ot _reci pe table 2606,

whi ch by way of exanple may 5Scontain lot _id, recipoe_id and reci pe_sequence

dat Al | bl | t dat
ot A, TR O R bR B SR o, T a0 At cat
lot _id, | @gc}t fomeistaniaplealniel) wgmb%sagevztmbk _and_type awrﬂrlﬁ’eieﬂdpe»varl able table
cont ai ni NGt gl?}]f e%dgﬁqiglvﬁfl%gal{%gw&e Hana vgpdﬁo Q?Lff@olg%%@er \:J;Pﬁf)% r@tYan@l so be
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tab_id, takviand, amthbﬂahmmndwaaatﬂat\almnﬂim%bomm byl viay ofpxample is
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to an 1emehainlsg papactbiedb-it abd - Ma@mmsmnmlm tigtegtewy, Hatigiestamp,
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t abl es mgpnﬁﬁ%_bpdgle%_lcﬁ%@r&_g{'%ec[_dﬁ%gtafg%é%%(g% |%’|S gttgl%eue id, j ob_id,
reci pe_i d,MBTalretedm_tasklation btk ZI2dtandddse, ram’mememamwloonablaﬁﬁé‘? 2690
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data, 'dn
Ib_id, rb_id, lb_ﬁiename rb_ﬁlemane and tb_diledata, rb_filedata data.

Shown in FIG. 42B by way of example are additional OEM/MSC database
tables. An oem_project table 2540 containing project_id (PK), project_name, .
project_desc, and project_type data, linked to an oem-task table 2544 containing task_id

20 (PK), task_name, task_desc, and task_type data and to an oem_project_task table 2546
and an msc_project_task table 2548, each of which may contain project_id, task_id and
task_sequence for the tasks in a project. The table 2540 may be linked also to an
oem_project_variable table 2542 which may contain project_id and variable_name data
along with variable-label, variable_uom, variable_data_type, variabie_type,

25  variable_default, variable_required, variable_validator, variable_order, variable_list and
variable"intc;.mal data. The table 2544 may be linked to an oem_task_variable which
may contain task_id and variable-name data as well as variable label, variable_uom,
variable data_type, variable_type, variable_default, variable_required,

variable_validator, variable_order, variable_list and variable_internal data.
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nmsc_alt_data table each containing xseries and yseried data.

According to aspects of an enbodi nent of the disclosed subject matter a
Dat a & Message Mappi ng Process (DWY 906) 906 can communi cate with a host
system 910 via the ECP 902 GemlInterface 904 as illustrated, e.g., in Figs.
19, 43A-C and 44. The design can include three products offered from Asyst
Technol ogi es (ConX300, GEM and SDR). According to aspects of an enbodi nent
of the disclosed subject matter a System Overview, can include that the
TCZ900X (sometines referred to herein in file nanmes as ice9) consists of
two maj or software conponents, MSC (Master Systens 5Controller)10 and ECP
902 (External Conmunications Process) 900, with the |atter being a nessage
transl ati on service between a factory host 910 and the MSC 10. The ECP 900
can use a TCZ 900X vendor library, e.g., the GEM Library 904 to exchange
the nessages to the factory HOST 910, and al so communicate with the MSC 10.
The followi ng terns and acronyns are used in the description of the design
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anneal I ng ta’E'iC BIS&? whm}gmay con am%%o%nséyvana e r?am Q533 well Oﬁ'?a(ble—méf
variable uom, variable_data_type, variable_type, variable_default, variable_required,
variable_validator, variable_order, variable_list and variable internal data,

There may also be an msc_queue_status table 2564 which may contain
queuémstatus and queue_mode data and an msc_task_variable table 2566, which may

10 contain project_id, task_id, variable_name and task_sequence and variable_value data,
and an msc_queue_status table which may contain queue_status and queue_mode.

FIQ. 42C shows by way of example an oem_device table 2570, which may
contain device_id, device_name and isinternal data. The table 2570 may be linked to an
oem_error table 2572, which may contain device_id, error_number and error_message

15 data, and to an 6en_1_com'mand_iookup_ table 2574, which may contain device_id,
command_name, Valﬁe_nif and value_df data, and to an oem_device_variable table
2576, which may contain device_id and wvariable_name data as well as variable-label,
variable_uom, variable_data_type, variable_type, variable_default, variable_required, .
variable_validatof, variable order, variable_list and variable_internal data,

20 ' The tabble 2570 may alsc} be linked to an oem_device_command table 2580
which may contain device_id and command_name data as well as fow_level_command,
df data_conversion, nif data_conversion and lookup_required data. The table 2570 -
may also be Jinked to an oem_waqrning table 2582 which may contain device _id, .
warning_number and warning_message data. The table 2570 and the table 2580 may

25 . also be linked to an oem_status_command table 2578, which may contain device_id,
callback name, command-parameter, command_return_value and command sequence
data, | '

FIG. 42D shows by way of exa;niale an msc_reci pe‘t'able 2600 that contains

recipe_id table, recipe_name and recipe_desc data and may be linked to an
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A conputer which is connected to the TCZ900X equi pnent via the SECS/ GEM

I nterface GEM CGeneric Equi pnent Mbdel . SECS SEM Equi pnent Comruni cati ons
Standard SEM Sem conduct or Equi pnent and Materials International SV Status
Variable DV Data Variable CEID Collection Event ID The fol |l ow ng

desi gn consi derations can be part of the design for MSC/ ECP 900i nt egrati on,
Mul ti-Process or Miulti-Threading, since ECP 902 and MSC 10 can be two

di fferent processes running on the same server, though being al so designed
to run 15i ndependently on separate machines as well, and also Single Thread
or Multiple Threads for Interfaces, since ECP 902 uses an approach simlar
to MSC 10, where it uses separate threads to talk to the HOST 910 and to
conmmuni cate with MSC 10.

msc_recipe_log table 2602 and an msc_recipe variable table 2604, the table 2602
containing, for example, recipe_id, log_timestamp and log_message data and the table
2604 contaaining recipe_id, variable_name and variable_value data. The table 2600
may also be linked to an msc_lot_recipe table 2606, which by way of example may

5 contain lot_id, recipoe_id and recipe_sequence data. An msc_lot table 2592 m‘ay
contain.lot_id, lot_name and lot_desc data and be linked to the table 2606 and to an
msc_lot_table table containing lot_id, log_timestamp and log_message data and to an
msc_lot_variable table containing lot_id, variable_name and variable value data. There
may also be an msc_job tablecontaining queue_id, job_id, job_type, job_status,

10 job_timestamp and job_sequence data. _

FIG. 42E shows by way of example other tables, e.g., an msc_image table 2636
containing image_id, recipe_id, image_name and image_sequence data, and may be
linked to an mse_image variable table 2638 containing image_id, variable name and
variable_value data and to an msc_image_log, containing image_id, log_timestamp and

15 'log_message data. An oem_status table 2610 may contain tab_id, tab_name and
tab_sequence data and be connected to an oem_status_detail table 2612, containing
status_name, tab_id, status_label, status_uom and status_sequnce data and which table
2612 also ma}.f be linked to an ogm_stétus _parameter table which may contain
status_name, parameter_operétor, parameter value, and parameter_status data.

20 Other tables may inlude an msc_state table 2616 containing queue_id, job_id, '
recipe_id, image_id, task_id and state data, an oem_version table 2620 containing
version_prefix, version_major, version_minor, version_patch and version_suffix data,
an msc_queue tble 2622, containing queue_id, job_id, job_type, job_status, .
job_timestamp and job_sequence data, an msc-log table 2624, containing device_id,

25 1ogl_timestamp, log_type and log_message data, an msc_air_data table 26236 and an
msc_alt_data table each containing xseries and yseried data,

| According to aépects of an éembodiment of the disclosed subject matter a Data &
Message Mapping Process (DMP 906) 906 can communicate with a host system 910
via the ECP 902 Gem Interface 904 as itlustrated, e.g., ip Figs. 19, 43A-C and 44, The '
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According to aspects of an enbodi nent of the disclosed subject matter,
communi cati on between the MSC 10 and the SECS vendor software may be
provided with a generic functionality which may al so be extended to all ow
for custom zations required by end user of the |aser annealing nachine,
while at the sane tine providing 5 that the central core of the MSC 10 may
not have to be nodified to support a standard GEMinterface, e.g., GEM

Li brary 910, MES 80 provides a set of classes that formthe central part of
t he ECP 900SECS/ GEM Host I nterface, which classes may be reusable, high
quality, stable, and extendable to neet the specific needs of such end
users. The inplenentation may be hidden fromthe interface where possible
and practical to 10m nim ze the inmpact of an inplenmentation change on ot her
MSC 10 processes. An Asyst GAGEM i npl enentation nmay require at a mninmmb5
separately executing processes, including the main ECP, the GEM Extension
Process, the GEM Nbssage Process, the GEM Daenon, and the SDR Daenon. Each
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GEM Generic Equipment Model.

SECS SEMI Equipment Communications Standard

SEMI | Semiconductor Equipment and Materials International

SV Status Variable

DV Data Variable

CEID " | Collection Event ID

The following design considerations can be part of the design for MSC/ECP
900integration, Multi-Process or Multi-Threading, since ECP 902 and MSC 10 can be
two different processes running on the same server, though being also designed to run

15 independently on separate 'machines as well, and also Single Thread or Multiple
Threads for Interfaces, since ECP 902 uses an approach similar to MSC 10, where it
uses separate threads to talk to the HOST 910 and to com.municate with MSC 10.
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10f or preparing |low | evel conmmands or starting debug node. The foll ow ng
matri x shows the access |evels for the above user classes: Process

Engi neer Field Service Engi neer Adm nistrator Lot Managenment '4 -4 '4
Project Not Al Projects q -4 Edit Tasks X X

~ According to aspects of an embodiment of the disclosed subject matter,
communication between the MSC 10 and the SECS vendor software may be provided
with a generic functionality which may also be extended to allow for customizations
required by end users of the laser annea‘ling machine, while at the same time providing
s that the central core of the MSC 10 may not have to be modified to support a standard
GEM interface, e.g., GEM Library 910, MES 80 provides a set of classes that form the
central part of the ECP S00SECS/GEM Host Interface, which classes may be reusable,
high quality, stable, and extendable to meet the specific needs of such end users. The
implementation may be hidden ﬁoﬁ the interface where possible and practical to
10 minimize the impact of an implementation change on other MSC 10 processes. An
Asyst GWGEM implementation may require at a minimum 5 separately executing
processes, including the main ECP, the GEM Extension Process, the GEM Message
Process, the GEM Daemon and the SDR Daemon. Each of these components interfaces
with the GEM and SDR DLLs in accordance with the GEM and SDR requirements. In
15 addition, the GEM configuration can allow the application developer to develop a
mechanism to communicate between the .'required processes listed above. The GEM
Daemon process coordinates all interaction between the ECP 900task, Primary Message
Handler task, ‘and Extension task. The GEM daemon coniains the major portion of
GEM logic. ,
20 The main ECP 900may be considered to be the primary interface to the GEM
' system. Thé ECP 900does not incorporate or include any of the equipment specific
software modules and may be limited only to handling those tasks that are specific to-
SECS/GEM communications and i'nterfacin g to the GEM libraries. The purpose of the
ECP 900may be to act as a message translator, dispatcher and a server to the total
25 . SECS/GEM solution. Tﬁe ECP 900may be required to interface to the GEM Extension
Process; the GEM Message Process and the DMP 906., e.g., as discussed in more detail
below. ' '
Three classes of users can use the MSC software, including Procéss Engineers,

who perform day-io-day production operations of processing a substrate, e.g., ina
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g Scheduling X q

Recovery .4 -4 \|

10

15

20

Reci pe Monitor 4 g q Run Reci pe Queue

.4 -4 q Crash

TCZ900X elorigated thin beam laser annealing apparatus, and who can only execute

certain tasks and projects, with otherwise restricted access to the system. As an

example, Process Engineers cannot edit or delete tasks and projects. Field Service

Engineers may perform daily process optimization and performance monitoring

operations, i.e., trained system engineers who have major access to the system and who

may not be responsible for preparing low level commands or starting debug mode.

Administrators may perform occasional administration, troubleshooting, and

performance monitoring operations, i.e., trained system engineers who have

administrator access to the system, i.e., full access to the system but are not responsible

for preparing low level commands or starting debug mode.

The following matrix shows the access levels for the above user classes:

Process

Field Service Administrator
Engineer Engineer
Lot Management 3 N, J
Project Not All Projects | ¥ v
Edit Tasks X X ~
Scheduling X v ~
Recipe Monitor v N N
Run Recipe Queue N ~ N
Crash Recovery N ~ )
Error Recovery o v v
Login N ~ N
Reports v T+ N

The MSC 10 may be expected to provide response times in the range of a

second or so when it interacts with the attached devices while processing the silicon

substrates.

Below is a requirement listing for the MSC 10. The Cross Ref,, in parathensis,
refers to the Layer-Component-Class codes, €.g., the code GUI-CFG-MOD refers to the

Module class in the Systern Configuration component of the GUT layer.

For the General Functional Group, the General Functional Requirements listed

here are the general functional requirements of the MSC. The system can have the
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Error Recovery il .4 "4 Login -4 1,1 q Reports .4 .4 The MSC 10 may be
expected to provide response tines in the range of a 15second or so when it
interacts with the attached devices while processing the silicon

substr at es. Below is a requirenent listing for the MSC 10. The Cross
Ref., in parathensis, refers to the Layer-Conponent-C ass codes, e.g., the
code QUI-CFG MDD refers to the Modul e class in the System Configuration
conponent of the GU | ayer.

following high level functionality: Process the substrate Performance Reporting
Periodic Monitoring (GUI-JOB, GUI-REP, GUI-SCH); Process Optimization may be
part of substrate processing (GUI-CFG); Users can update system wide configuration
parameters' using the User Interface (UT) (GUI-CFG); Ul can be workflow driven. Some
5 portions of GUI 40 such as the custom Project screens, such as illustrated in FIGS. 23-
32, can simulate basic workflow (GUI-WFE); MSC can support Serviceability and
Maintainabitity (GUL-PRJ, SVR-SCR-MOD).
For the Recipe Manager functional group, Recipe Information Requirements
listed here can be the requirements related to the lot and recipe characteristics and

10 management of the recipe information: A recipe may be a container of all the
parameters for a substrate process. It may contain one or more images GUI-RCP-RCP;
a recipe may have parameters like: Substrate Rotation: 0 or 90, Substrate Size:2,3,4,5
GUI-RCP-RCP. The number of the recipe parameters may be not ﬁxed Additional
parameters added to the recipe can not involve coding modifications to the user

15 interface screens (GUI-RCP-DYN, DB-OEM-PAR). Users can supply unique
descriptions for recipes (GUI-RCP-IMG). An image can have parameters like: Start
Position: (50 mm, 0 mm), End Position: (100 mm, 360 mm), Energy Density: 1000
mlJ/em2; Step Size: 1 um, Energy Mode: EXT, INT, Auto Focus: ON, OFF, Focus: 5
um, (GUI-RCP-IMG). The number of the image parameters may be not fixed.

20  Additional parameters added to the image may not involve coding modifications to the
user interface screens (GUI-RCP-DYN, DB-OEM-PAR). The users can create, modify,
delete, save and load a recipe (GUI-RCP-RCM). The users can save anq load a recipe
to and from a file for transferring recipes across machines.

The users can save and load an image to and from a file for transferring images

25  across recipes or machines. The users can copy/paste images while editing recipes
(GUI-RCP-CPY). The users can copy/paste recipes to create new recipes (GUI-RCP-
CPY). When a recipe is modified, recibe level consistency checks can be performed to
ensure the validity of the recipe. Some parameters may be required, or optional.

Examples of recipe level consistency checks can be: Position Value is smaller than
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20For the Ceneral Functional G oup, the General Functional Requirenents

| isted here are the general functional requirenents of the MSC. The system
can have the followi ng high Ievel functionality: Process the substrate
Performance Reporting Periodic Monitoring (GU -JOB, GU -REP, GU -SCH);
Process Optim zation may be part of substrate processing (GU -CFG; Users
can update system w de configuration paraneters using the User Interface
(UT) (GQU-CFG; UT can be workflow driven. Sonme 5portions of GU 40 such as
the custom Project screens, such as illustrated in FIGS. 23- 32, can

si mul ate basi c workfl ow (GUI -WEE); MSC can support Serviceability and

Mai ntai nability (GUJ -PRI, SVR-SCR-MOD). For the Recipe Manager fiinctional
group, Recipe Information Requirenments |isted here can be the requirenents
related to the |l ot and recipe characteristics and 10managenent of the
recipe information: A recipe may be a container of all the paraneters for a
substrate process. It nay contain one or nore images QU - RCP- RCP; a reci pe

may haved’ﬁ[b%.%%g&% i’\g[lEe-En %g%t srrr?‘tlf%{ Eleamr e%?g'glu% S?J 17¢e 15%5{91% E%Eﬁa&' ze: 2,

3, 4, 5 e nu par ers rmay be not fixed.
Addi ti onal rapaa:,d%mbe@ffsaddQ\eroAutm@crces Wu@mg@tGUhRQPVRCEDEBn@EM-

Todh [T cat i AR Ak BHBRh kLRt RULACRSRIEEIRLChe APl RV AR
Users can supply uni‘que CHB?I ons "R i mage
can have pematast ealged fiok paraftetars suebsis m:n rand (B8, Walued camn hy corfrmdlaPbshst then:
(100 r Si.ty. p.S.ze: | . rgy
c: "By P eyick B e LR gty R R S1Bin, T e T A
nunber of e vilragt qpan@met @n@gﬁmvebégimmnd i;afeld (GRO-BERHRG R i -Qidvlanet er s
added to th n i V.0l v g n
interface s‘%?gg%g&(@%ﬁ-rﬁ%? B%ﬁp %%15%%%1 ﬁ’ﬁﬁ)@ n%g}éee%g géé\)e IE:er ea# fiftion Todi ify,
del et e, saVlee ¢hedks mmmmi@@@woumOEméAﬁ@eEsc}mamnsmya;hdcld oad a
recipe to f Q nsferr n ﬁﬁ”oﬁ The
users can %&ve a[’;l%g} ier e(%ljlg“norll{nnél toﬁ%j x%ce i ﬁﬁﬁ or gRgBég%graglgnJ i mages
25acr o8s rdcckesibwhoaahinoddy tﬁlélneeuqsmag be anacchedwd paiteant imgespaame@redi ti ng
reci pes (%}B_w %}e lésrga andcop aste remgjg(fas 19 cr%é e..new ‘
reci pes ( eh “4 eé‘é? BT SR FBLEPY '5% B AFAT LS s st ency
checks CanRhép@aTeﬁtbcﬁde}id@tsaﬁtﬁu tleeckbhearvimbin@ithy elivhinhtien ofaxiypeach Some
par anmet er s, ired, .or. opti.ongl. .Exanpl of reci | evel
consi st encyPE de CleS’c gﬁr BERRGSI F rSﬁp?/g?%E?g’W?a&m{ l?f’aﬁgater (Rt the
StartX Also, a recipe or image parameter value may be checked against a device
15 parameter for consistency (DB-OEM-PAR).
- A lot contains one or more substrates, Different substrates in a lot may use -
different recipes (GUI-LOT-LOT). The user can create, modify, delete, save and load a
lot (GUI-L_OT -LTM). The user can modify a lot/recipe while it is currently processed
by the job queue. The system may be expected to make a copy of the 1‘ot/recipe and use
20  that copy for processing (GUL-JOB-QUE). '
The user can access any drive configured on the local machine (including
network drives), while performing import/export of images/recipes/projects (GUI-RCP-
EXF). The following image parameters can be named alternatively as Step Size ->
Pitch; Pitch -> Tilt in Y direction; Yaw -> Tilt in X direction (GUI-RCP-IMG). The
25 MSC can support unused panels in the lot. It can use null recipes for this (GUI-LOT-
LOT). There may be as many as 1000 recipes available at any given time., Therefore
the ability to grbup these recipes can be available, This groﬁping can be up to 10 levels.
An example of a recipe name is CRYS800-CHUNG-200QCIF. It includes, e.g., energy
density (CRYS800), engineer (CHUNG) and device name (200QCIF). An exemplary
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substrate size, Pulse Energy is snmaller than Max, value Step size is within
a certain range, Focus Ofset is wthin Auto Focus Mdul e range
(GUI - RCP- RCP, DB-CEM PAR). When perform ng recipe | evel consistency
checks, the system may assune constant values for paraneters such as mn
and max. Val ues can be controllable by the 5Field Service Engineer (i.e.
control can be role based). The systemmay set mn and nax val ues to ensure
no damage, oversights and safety (GU -RCP-RCP, DB- CEMPAR). Additi onal
reci pe | evel consistency checks may not require code reconpilation. The
checks can be dynam c (GU - RCP- RCP, DB- CEM PAR). Each consi stency check can
be arowin a table or it may be a stored procedure (DB-CEM PAR).

Consi stency 10checks and who can nodify themetc. nay be attached to recipe
and 1 mage paraneters (DB-OEM PAR). There can be dependenci es anong recipe
and i nmage parameters. Recipe creation or update tinme checks can insure the
elimnation of any such depenhdencies. For exanple, in a recipe definition,

EndX canngy ' r. Lhan | 1 Xy Al Leg| | npge. Par et er
val e mmy BseRrERRRS shTRE, R 2R Aach SPENER St PE RS 2

( DB- CEM PAR)re levels (GUA-ROP-RONY. ah mswank toviewnhelagolttfitlat msipe Di foms ofit
substrates_in.a lot ma i r reci pes (GU -LOL- L ~1.JRE user can
create, no“a}a%*iﬁ, F%P%%ldegg@éﬂé%éﬁ@g%' ﬁle 5’? gf PN R5T Y'E?ﬁo?%r)gt'ﬁr%ee%ﬁser can

nodi fy a liotpbrtegy/pponkid recipts that @uirreanid, ghpred aeberiy bymtrueicaed ((iHue. The
system_na egted to.make .a .co of .the l.ot/recipe,and u 20 t hat
copy for &%ﬁé@h}?ﬁucﬂ%%@ﬁl& %ﬁ%“ﬁ&?rm%ya%e lés(?ggglgsug%{/g%’r ?536%5%13 i gur ed
on the | odahcttmcibhes fn NALLYbagometuwsethe diiewesipe foratllsebpedsdan milognay
inport/erPrt Q s/ projects .(GJ -RCP- EXP). The foll ow ng

f j
i mge Par a%?%?’%edcméﬁgﬁggﬁal ternatively as Step.Size -> Pitch; Pitch ->
Tilt in Y direcTheoeimaYaw more Thdrt oriervadéede teadirnpgamatioBUThRES C UbmayTiteed 25M5C

Car, VPR SIS RROE 3 Bl B bS8 RSP0 RIE 690, 0
gi ven 10i minpitherehaes rhhebatsqhiréd/for cheglaom pedringeproess:pe S.otmforpatianalbtabl e.
I 2o OB SEB e Bl U, SSSEPL 35 ARy
engi neer (sChibi®h andedett errgadasit2daCbikput &rerg) eultrareyrotation or tilt angie

etc. (GUI-LOT-LOT, GUI-RCP-RCP). The system can associate a substrate ID with

the recipe for the lot definition (GUI-LOT-LOT). The system may have a grid based

15 layout for the recipe images screen (GUI-RCP-IMG). Thé system may track substrate
* information separate from the recipe (GUI-LOT-LOT).

For the Maintenance Manager group, the maintenance/monitoring/servicing
project requirements listed here may be the requirements related to
maintenance/monitoring/servicing projects and their execution. A project may be a

20 collection of maintenance, monitoring and operation tasks related to an individual
module or the whole system. Examples of tasks can be: Download laser related
monitoring data (Laser); Operation of laser (Laser); Measurement of uniformity
(System); Measurement of Intensity (System); Focal Plane Calibration (System);
Absolute/Relative movement of Stage (Stage); Turn off close loop of SMM/TMM

25 " (BSC 336); Download Pulse Energy from SMM (BSC 336) (GUI-PRJ-PRJ).
Maintenance and monitoring tasks have parameters. Users may supply data for these
parameters. Users may not be able to change task definition (GUI-PRI-TSK). The
number and type of the task pérameters may vary from task to task. Adding additional

tasks or changing number/type of task parameters can not involve coding modifications
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directory structure can be: CRY -> TFI-LCD > 20QCLlF -> ENGR Nane -> Data ->
2 nore levels (GQU-RCP-FLD). A newtab to view the |ayout of the recipe in
ternms of inmages may be needed (GUI -RCP-GRP). The system nay provide a text
file for inporting/exporting recipes that can be read, shared and easily
comuni cated (GUJ - 5RCP-EXP). In production, typically, one recipe may be
used per substrate. Therefore a _function such as an "ALL" button to use
the sane recipe for all substrates in a |lot may be required (GJ -LOT-LOT).
There may be nore than one cassette | oading station. The MSC 10 nmay need
the cassette station nunber as input fromthe user in the ot definition
(GUJ -LOT-LOT) . 10l nput paranmeters nmay be required for the | aser scanning
process: a. Lot information: Lot ID, process step, quantity, operator |D
b. Process Information: beamw dth and | ength, scan pitch and | ength,
energy density, |aser output energy, substrate rotation or tilt angle etc.
(QU -LOT-LOT, QU -RCP-RCP). The system can associate a substrate ID with

the recipe for the t defi L T entna ve a grid
based” 151 45 StF b Ree P BT AR RN bR PaNFRc: TR MR i e oy
}: r aCkhsuﬁ/gbmde amtieﬁl\gmfy lﬁl‘ﬂgeﬁﬁma’{ﬂtmﬁf-?mﬂ A hige neeed c;m cbgdlpah%duetr) .
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Ty be. a0, 30“|E|)°33??§$§?“’§#3Fmg%fé‘ﬁfgﬁbﬁ e et ar: on Tacke. .
rei ated t eﬁwe?ﬁﬂgﬁﬁﬂﬂﬁFmﬁ%ﬂﬁF ‘Fﬁ@cﬁgg$g§§%§?gﬁﬁy Exanpl es of tasks can
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type of the t ask pﬁ ters gﬁﬁfvar fromtask to task. Ad dln?VES %tlonal

tasks or GNSTEIMEE HERLR Hasghel torsyplaanmpn HarrbeMS e ate rritechv 8 di ng
nodi fi cat iigasad dfdelites Us BModuld Rk 86 8 pPeupeEMS nipohbmt PRaChiMNo BB OERGPAR) .

The user may creat | oad, save and nDdlf prg'ec, - PRJ- .. The
users can ec‘;%‘ﬁ?; geﬁeseaﬁmte? SPW?W%F‘P %”@t? hé%ﬁf?}mﬁ F[%;Mwml user
can eXGCUtrﬁoc&tI@Frﬂgiﬁ@)% reﬂa&e@ﬂedtadlg&@p@aDBMmmw)emeM@C@omt«e ina
prolec t he system may save the state of the devices restore the

state 1Pf &A"EFEEPTHCTRMER [FUpROS Wnfhe number of pRadples 4l he HIRPISAR que
descri pti @7 thédulpb&iaRsd 6f &(e%mERiﬂt cBRJa)we Eﬁteqtebtﬂﬁnryrmyncﬁemp loy deaedvenige and

Syt em conl g 2t Lon, B2l S 8o [HSST G oAl RS sl Sy chseut 12 @
val ues, t mee BB bEBIGANkeE 65 InAhedd] domebms (sstttl@cmd’@ﬁ)e.g.,ﬁhaum 10
maintenance counters for servicing and maintenance, e.g., lifetime counters (DB-OEM-
20 MOD). The MSC 10 can monitor all modules, i.e., be aware that all modules are
working. Ifthe MSC 10 detects a non-functioning module, it can report such and stop
operations requiring the module (SVR-SCR-MOD, SVR-ST8-STL).
Not all devices connected to the MISC 10 are intelligent. The MSC 10 can
provide the missing intelligence. Even if a device is inteltigent, the MSC 10 still can
25  monitor the device. For example, the Raw Beam Profiler has no intelligence of its own.
The Attenuator 338 has its own intelligence. The MSC 10 still has to monitor
Attenuator 338 (SVR-STS-STL). MSC ce.n have a project to diagnose Laser from the
GUY 40. The MSC 10 can allow the user to supply various Laser mode configurations
in terms of Mode, Frequency, Number of Pulses and Average Number, through the GUI
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10can gather data for servicing and mai ntenance (SVR-SCR-MOD), e.g., how
many pul ses were fired by Laser. The systemmay treat the MSC as a
col l ection of nodul es instead of devices. A Mdule may be a group of
conponents that work together. For exanple, the |aser system spectral

anal ysis nodule ("SAM') has 30 optics. The whol e nodul e m ght be repl aced
for servicing purposes (DB-OEM MOD). The MSC Sof tware 15can be general
enough to support change in the nunber of nodul es and the conponents of a
nodul e because of servicing. It can have the flexibility to increase or
decrease the nunber of nodul es (GUJ - CFG MOD, DB- CEM MOD) . The system can
approxi mate the nunber of pul ses of individual conponents (SVR- SCR- MOD)
e.g., including naintenance counters for servicing and mai ntenance, e.g.,
lifetinme counters (DB-CEM 20MOD). The MSC 10 can nonitor all nodul es,
i.e., be aware that all nodules are working. If the MSC 10 detects a
non-functioning nodule, it can report such and stop operations requiring

t he nodul e R- - SVR, - ) . A ed to
the VB 10/ TSR Pe Y R LR R sk he LAE! Bls ined S GRRARGK
i ntel | i genod. witeehe idsubis tbeviepert if8e (GUBPRIGEM, SMRECHEIC)0 Ehé Liseran

25nmoni tor the devjce. r exanple,. the Raw Beam Prafil er .h
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project. to _di agnose er fromthe | "40. T C.10 user to
Cubly art BCPE 28 TR LA bifa Tisems ArarhecsoniRe A Bl b
Nunber of fRlibseswealbdeBnal aaeinhicobemtion (GOUGFER-BBRIGThe MBC Itheanthewk acan
performa Laser refill eck t Laser .node.i L[ | ' ' and
wite the Qrglseg{ ttosaeotvg’l%ac}' %ag%%to mflglgé“ a?ﬁ?‘hﬂleP%?T 5911\/[ %@g‘q%f:@g %{’J @g@%egfﬁl;}éser
Di agnosi s Resppplly vatibas parrubeoafi gyretasl in edrasadiMdoded Erdquienaat agd Nkebar of

sem col on),t.ext fil i der.row follo | I ) report
can be gerRlEL it ot T RE S R e YR QU el T P
name ard tdiegloated, iconfigirablee Rasyhot, 10Kl anddivi dhmltomnLasenehtl fidelfly meide theni ng

convent| oMl e TR TR R IRERRSASEALEIE) P gEl g, ApyELag ot o
various prlercdn be anbeghl ciataens delimited (iikeod seMbidelonHeeufile veiyh a herdleNcovber  of
P oeS, s o 8 iionb B3l B BB B AT 2 one,
and final | Bowhioké tdshds hes Jiht Saine sad tigpiocitidn dfahg fdgbrt PRI edd MlloSVRWEILR- PJC) .
Ihe, LopeT R R80 EROL L L 630,080 SREGISI: GUBLARLSH S R(L ke @
can be gengnsdethindbenbisdedhisr WA GUIRERSERD).XhanMsat1¢ aakhdvs arprojeciThe
name and tt%%olm(r)rglattl’lie igsgfﬁéxttl] G(\her 88& r4r0. ’Hlé f/ISCCa pO ]::s?nl Al?ov&r %e\{\glcl! to run any task on
any of the equipment, e.g., the Laser, including Full Initialization, Refill, and Inject. It
can also allow any valid command to be sent to the Laser. The response from the
20  equipment, e.g., Laser can be displayed in the GUI (GUI-PRJ-PJM, SVR-SCR-PIC).
Whenever a project is run, the MSC 10 can generate a project report. A project report
can inciude tﬂe results summary and start/end times of all tasks in the project. It can
include the list of task réport and data files. It can use well-defined file naming and
location conventions. It can delete old ‘reports if they exceed a AGE (GUI-REP-PRJ,
25  SVR-SCR-PJC).
" The fol io.wing monitoring data and Interlock functions can be required:

Monitoring data: Real-time laser stability, Number of the last halogen injection, total

accumulative number of laser pulses, accumulative number of laser pulses after gas

exchange, P-lens heating temperature, real-time focus. Interlock and warning functions
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15defi ned nam ng convention. The report file can include the nane and

| ocation of files that contain downl oaded Laser data (GUJ -REP-PRJ). The MsSC
10 can have a project to control the Laser fromthe GJ 40. The MsSC 10 can
allow the user to run any task on any of the equipnent, e.g., the Laser,
including Full Initialization, Refill, and Inject. It can also allow any
valid conmand to be sent to the Laser. The response fromthe 20 equi pnent,
e.g., Laser can be displayed in the QU (GU -PRJ-PJM SVR-SCR-PJC).

Whenever a project is run, the MSC 10 can generate a project report. A
project report can include the results summary and start/end tinmes of al
tasks in the project. It can include the list of task report and data
files. It can use well-defined file nam ng and | ocation conventions..It can
delete old reports if they exceed a ACE (GUl - REP-PRJ, 25 SVR-SCR-PJC).

The follow ng nonitoring data and Interl ock functions can be required:
Monitoring data: Real-tinme |aser stability Nunmber of the Iast hal ogen
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repl aced, callaﬂd:d @AVRSCRMOBYDBMEBNOD). AhkaSOawnser iradk thingber deand cl ear
rel evant |jif es nager
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to the exd@utreomnofy ltehaedtﬁerpe:omser&ﬂ]dumb&rsexéclean eievalsléegme gougdss and
rem)vqsl Ot(édlhe 5 1‘38 ob gqueue (GUI-JOB-QUE). Users can change the job

sequence i'f eue (GQUI-JOB-QUE). Users can start, stop and resune
the job For the Process Manager Group lot process requirements noted here can be the

requirements related to the execution of the lot process and job execution. Users can
add and remove lots from the job queue (GUI-JOB-QUE). Users can change the job
sequence in the job queue (GUI-JOB-QUE). Users can start, stop and resume the job
20 queue (GUI-JOB-QUE). The system can process the lots in the job queue from the
front of the queue when the user starts the job queue (SVR-JOB-JBM). The User can
execute a lot process immediately by adding the lot to the job queue, moving it to the
frént and starting the queue (GUI-JOB-QUE). When the sys"cem may be executing the
"lot process, the progress of the crystallization process and substrate location can be
25  displayed graphically (e.g. a rectangular area with different colors) in the GUI. (GUI-
JOB—CRY). The system can perform process leve! consistency checks and error
handling while processing the lot. The consistent checks can be at machine level,
module level, lot/recipe level, substrate level and image level. The system can also

perform lot-to-lot, recipe-to-recipe and image-to-image maintenance while processing
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20queue (GUI-JOB-QUE). The system can process the lots in the job queue
fromthe front of the queue when the user starts the job queue
(SVR-JOB-JBM . The User can execute a |l ot process inmediately by adding the
lot to the job queue, noving it to the front and starting the queue
(GTJ1-JOB-QUE). When the system may be executing the | ot process, the
progress of the crystallization process and substrate | ocation can be
25di spl ayed graphically (e.g. a rectangular area with different colors) in
the GUI. (GQUJ - JOB-CRY). The system can perform process | evel consistency
checks and error handling while processing the |ot. The consistent checks
can be at machine level, nodule level, lot/recipe |level, substrate |evel
and image | evel. The systemcan also performlot-to-lot, recipe-to-recipe
and i nmage-to-i mage nai ntenance while processing the ot (SVR SCR-LOT). A
schedul i ng engine for pre-defined projects may scheduled them e.g., on an
hourly, daily, weekly or nonthly basis ( SVR-SCH, GU -SCH); A scheduling
engi ne can,bey COPRIGUEARYE L (HIBuIM LbfRSroR Bldladitc@pRljEaatday saitusanual 1y.

Hé , ; .
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gueue can ‘have a“co ur a ti neout . t1meout occurs, the
syst emocanGPIHOBRER WV iTbe sulistrate den dbanoasied meanuelly)or susempticalliser to st andby
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( QU - RCP- | fi@)ped G5 B sS T HERH, dRUI-FOBrQUEt Thajdboruespedi hdvedespnfaerahipidlse
reaui ed. EQLo N BUGEERL! RO ASHAM L8 TuPBhe dRSRAL knds R\ EIRC o0 end
return laser to standby state) (GUI-SYS-CFG, SVR-JOB-IBM).
Both projects and recipes can be added and removed from the job gueue (GUI-
JOB-QUE). Scheduled p‘rojécts can also be displayed in the job queue. They can be
added to the queue at the appropriate position in the queue if they meet their scheduling
20 criteria. The lack of calibration may require moving images by an offset on the stage
(GUI-RCP-IMG). Glass rotation in production for special devices may be required.
. For the currently processing recipe, the start and estimated end time can be displayed in
the GUI (GUI-JOB-STS). The system can provide visibility (preference is graphical) to
the substrate in the cassette being processed (GUI-JOB-CAS). Graphical representation
25  of process details can include: a. the step in the process, b. the section of the substrate '
currently being scanned, and c. the remaining steps in the process (GUI-JOB-CAS).
The cassette station number can be visible in the job queue (GUI-JOB-QUE). 3-D

graphics may be used for the visualization of the crystallization process.
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the GU (GUI-JOB-STS). The systemcan provide visibility (preference is
graphical) to the substrate in the cassette being processed (GU -JOB-CAS).
Graphi cal representation 250f process details can include: a. the step in
the process, b. the section of the substrate currently being scanned, and
Cc. the remaining steps in the process (GQUI-JOB-CAS). The cassette station
nunber can be visible in the job queue (GQUI-JOB-QUE). 3-D graphics may be
used for the visualization of the crystallization process. Runti me
par aneter val ues may be collected just before a lot or project is added to
the job queue (i.e., the Lot may be a tenplate and an instance of the | ot
can be added to the job queue) (QUL-JOB-QUE). Project scheduling in the MSC
can be a conbination of both event based and schedul e based (SVR-SCH SCH).
The system 5can check for availability of resources (e.g. Availability of
utilities like Nitrogen and Water) before executing a |lot or project

(SVR- SCR- LOT, SVR-SCR—PRU) Schedul ed projects can optionally be specified
to.run only w eC|f|e time

. Tasks
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execute only certain tasks and projects (DB-MSC-PAR).
The system need not maintain the modification history of the recipe information
20  (DB-MSC-RCP). If a Field Service Engineer starts a recipe process, the Process
Engineer may later cancel it (DB-MSC-ACS). The MSC 10 can be flexible enough to
support both single login and user ID based tracking (GUI-SEC-SCM). The following
Access levels (based upon roles) can be required: a. Process Engineer, b. Field Service
Engineer, c. Administrator, The Administrator can perform all functions that can be
25  available to the Process Engineer and Field Service Engineer. Field Service Engineer
and Process Engineer roles overlap (GUI-SEC-SCM). The MSC 10 can show a screen,
e.g., as illustrated in FIG, 18, with role-based login followed by an ability to enter the
1D of the user prior to, e.g., running a recipe. The ID of the user can be included in the

recipe process reports. Users can create recipes without entering a user-1D. An ID may
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be required when the recipe is processed (GQJ -SEC-SCM. Users cannot change
task scripts (DB-MSC-ACS). Information in the task scripts nay be
proprietary to the machine supplier. General Interface Requirenents, |isted
here may relate to conmunication 5 interfaces. TCP-1P may be a main type of
comuni cati on needed between the Master System Controller 10 and the
devi ces unless otherwi se explicitly specified under the specific device
interface requirenments (SVR-DEV-DRV). The system can use a generic
mechani smto i ssue device commands corresponding to the high | evel actions.
Thi s mechani sm can be independent of the device types (SVR-DEV-FM). -The
devi ce 10commands can be stored in a database or file. They may or nay not
be hard-wired in the code ( DB- CEM CMVD). The conmuni cati on between
the Master System Controller 10 and the devices may be for two purposes:
control and diagnostics (SVR-DEV-DRV). After, e.g., an exposure command is
given (i.e. the scan is started), the Master System Controller 10 15can
wait until ' SR SI\@&%
Controller b%g&g%@ﬁ%&%ﬁﬁ Ser | gﬁ%ﬁﬁgrgéﬁ(%?%%@t ;[gg%ﬂed gt\r/%h?:ggé ggﬂ(d use
them t o i dé&efints {PBASEeAC R sinfurmiatign dothmiaskcatipte mayfbe prepuikstydedhor ovi de
commands 1t g LehLisRY, -ef,_heir serial nunbers (SVR-DEV-DRV). The Master System
Controller 10 can p‘ﬂa t he devices, so that no interrupts fromthe devices
are processed (S¢remHEptoidre Reghisenentslistashhesaimay nelelgriacemmunicationt omer
| VIES 89. ; ; ; j
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Only 3)0 Reé@inandpfandyeestonsy irse detalise Qe fide. f BhdyowsdobyaRaeehatard- SYRADEV- DRV) ;

Laser IntepfacH W-UE%WQ&- {@ |isted here can be the requirenents related to-
[ e? of the st)

t he conmuni cati o Ma er System Controller 10 with the | aser device
nmodul e. There cdichemomaictambaiveat iteMesteed fsae Oootraldem! G dnd thisdeviicesand t he

| aser 330 fog b%ga\}R{v&! pRHERYSESrrol BRI GlaHRriESELDRY SOV XAREL 8lpY, ah0- 15

exposure command is.given (i.e. the scan is started), the Master System Controller 10

15 can wait until the exposure is complete (SYR-SCR-LOT). The Master System |

. Controller 10 can know the serial numbers of the attached devices and use them to

identify the devices during communication if the devices provide commands to retrieve
their sc_riai numbers (SVR-DEV-DRYV). The Master System Controller 10 can poll the
devices, so that no interrupts from t'he devices are processed (SVR-DEV-DRV). The

20  system can integraée with customer MES 80. The MSC 10 can support the SEMI
standard: SEMI Equipment Communication Standard and Generic Equipment Model
(SECS/GEM) Interface to facilitate communication with a host machine 910. There
may be, e.g., a WAN or LAN connection to the MSC 10 over VPN 820, e.g., as shown
in FIG: 8. |

25 Service and maintenance areas can be physically divided. Access to Laser status
information from the service area can be required. It can-be possible to monitor the
MSC from a different physical area. The interface protocol can support four modes of

communicatjon: 1) Receive Only 2) Send Only 3) Receive followed by Send 4) Send
followed by Receive (SVR-DEV-DRV);
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5 DEV-DRV). There can be one comuni cation interface between the M5SC 10 and
the laser 330 for diagnostic purposes. There are currently approxi mately
80- 100 such conmands (SVR-DEV-DRV). The MSC 10 can use a CORBA 824 to get
di agnostic information from e.g., XLA or XLX series of Lasers, such as
those sold by applicants' assignee Cyner Inc. and related Cynmer lasers with
simlar diagnostic facilitators ( SVR- 10DEV-DRV). Sone of the |asers have
nore than one serial port, RS232 or RS422, the latter for needed fast
response and the forner for acceptable slow response (SVR-DEVDRY). Stage
Interface Requirenents |isted here can be the requirenments related to the
comuni cation of the MSC 10 with a stage device nodul e. The user can be
able to 15view the Stage device's GJ 40 fromthe MSC 10 machi ne using
remotely running control software or some other simlar nmechanism There
can be one communication interface between the MSC 10 and the stage for

di agnostic and control purposes (SVR- DEV-DRV). For the MDBox 334 Interface

Requi r ement s, ~i,SLAgl DELERGAN-AferlRcted ROUCLEDRHES chRIM A feRud@ the

conmmuni cati on master distribution 20 box device
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i nt erface ibfrmetem frhm, MEC XI0A an K10 eeriits b€ hastr 9 sud8ss those wwihby epplsanisoses

( SVR- DEV- . ndl I nterface-Requirenents. |iste g t N

requi r enerft¥ePH 35@8"%8‘ Mere%gm%;ﬁ%f%snwb% S’[’Wéarﬁg%n%{ﬁat% ﬁn?tﬁlgs (cée;g% ette
handl ar deYEVRUiluBeme Af Raliatershavedreonssieoh ¢rarsesalysit, RS2 3L oadiStg2.4hel

unl oadi ng., Fr th C 10 point .of view.the t ) } ke any -
ot her devil?:%er&}qr]t rheegecigsf EﬁSp&hsteéaP? gllee% FnQL Cec(‘f% g%&é@?ﬁé@%ﬁ%ﬁ%ﬁ r\{)ni cs
TCP/ I P i ntizRVace 840 (SVR-DEV- 5 ROB). The system may account for the fact

that such a Robgt %éﬂﬁ%‘é%ﬁﬁg%g@?gﬁeﬁ gxg%béahib%%e( {%ﬁﬁfr%ﬁt@éted ky ggess

Shutter Interfates € can be e requirenents rel ated
to the comsuniadtdtion offthd MSQBCwWI adtide delnzepnainds sTisdhuget ean bestle® nodul e.
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DEV-DRYV). For the MDBox 334 Interface Requirements, listed here can be the
requirements related to the communication of the MSC 10 with the master distribution
20 box device module. There can be one communication interface between the MSC 10
and the MDBox 334 for diagnostic and control purposes and another communication
interface for admin and logging (SVR-DEV-DRYV). BSC 336 Interface Requirements
listed here can be the requirements related to the communication of the MSC 10 with
the BSC 336 device module. There can be one communication interface between the
25 MSC 10and the BSC 336 for control purposes (SVR-DEV-DRY). Attenuator 338
Interface Requirements listed here can be the requirements related to the
communication of the MSC 10with the Attenuator 338 device module. There can be one
communication interface between the MSC 10 and the Attenuator 338 for control
purposes (SVR-DEV-DRV), Handler Interface Requirements listed here can be the
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creation and presentation of the reports and | ogs by the MSC 10. The System
can capture lot or project execution info and store it in a datastore for

| ater retrieval (SVR- 15SCR-PRJ, SVR-SCR-LOT). Users can view and print the
|l ot/ recipe info and | ot/ project execution info (GU -REP-PRJ, GU -REP-LQOT).
Users can view print the event log (GU -STS). The system can naintain the
history of | ot and project executions. Also the systemlog nmay be required
for crash recovery, Access Log, etc. (DB-MSC-JOB). When a project or lot is
run, the execution | og can be saved for a certain period of tinme 20

(DB- MSC-JOB). Data analysis may be required. Trend data may be needed. The
reports may nostly be needed for diagnosis. They can be files with sinple
format. Users mght use Excel to analyze the data. The MSC 10 can report
system and devi ce configurables (GU -REP-CFG. Additional status paraneters
such as Laser high voltage etc. could be required and user selectable for

t he currently runni ng process. The MSC 10 can show these in the Job queue

Screen, il . i-n. R . . to
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check, reci to-Te 0;J mage..c Scan, errors can be
fatal Ui PREGOEIR Rttt PRy R b B U S Ca RS &0 can be
i gnored ( SviptSERLdDprojebf ex@buttur iafo 4wl detécihediatashet ferlattateatievat (IXR) , t he
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Adnm ni st r atxscsticainfo e RIEr- BRJQGUME’RHO&“@nUhmear( %M&;ﬁ&t&&(‘f)venmgual
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( SVR- STS- the system log may be required for crash recovery, Access Log, etc. (DB-MSC-JOB).
When a project or lot is run, the execution log can be saved for a certain period of time
20 (DB-MSC-JOB). Data analysis may be required, Trend data may be needed. The
reports may mostly be needed for diagnosis. They can be files with simple format.
Users might use Excel to analyze the data, The MSC 10 can report system and device
-configurables (GUI-REP-CFG). Additional status parameters such as Laser high
voltage etc. could be required and user selectable for the currently running process. The
25  MSC 10 can show these in the Job queue screen, e.g., the screen 33 jllustrated in FIG. .
An FSE can be able to configure the status tabs (GUI-JOB-STS, GUI-CFG-STS).
Error Handling, Exceptions and Error Recovery Requirements listed here can be
the requirements related to the exceptions and error recovery of tasks execution by the

MSC 10. An event loop in the MSC 10 can poll the status from all attached devices.
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STL). If the |l ot processing is stopped or aborted due to an error, based on
the user's 20choice, the recovery mght be: Start next inage, Start next
Substrate, or Start next Lot. In an error situation, the MSC 10 can provide
for the followng options: restart the substrate, skip the substrate or
abort the entire lot (SVR-SCR-LOT). Expected error types can be:

Acknow edgnent tineouts at nodule or systemlevel, State errors from
devices, Calibration errors, Paraneter neasurenent errors, Doubtful results
of 25cal cul ations (DB-CEM STS). A Crash Recovery Procedure m ght include:

. M5C 10 can continuously poll status fromthe 1VLDBox 334 2. MSC 10 can
manage a "state full" crash recovery log 3. On server crash MDBox 334 can
be mssing in this Polling 4. MDBox 334 can send signal to Laser and Stage
to Stop 5. Once Rebooted MSC 10 can go through its log (s) to determne if
it was a Crash or Normal shutdown 6. In case of a crash, it can take
fingerprints and start the process of initialize and status check and can

f t d
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(SVR STS-SIM %e%%l%-DgW MG hzauon aQnandl.gy %‘Q}%Ct gxecution, lot-to-lot
check, recipe-to-recipe check, zmage-to—lmage check and Scan errors can be fatal. Utility
errors-during Scan might be treated as warnings and can be ignored (SYR-SCR-LOT). If
~anerror is detected (whether fatal or not), the system can stop and give the user an option
15  to abort, retry or ovgrride and continue (SYR-JOB-IBM,GUI-JOB-QUE). Field Service
Engineers and Administrators can override an error and continue (DB-MSC-ASC).
Manual initialization of the devices (GUI-PRJ-PJM) may be required. Warmings may be
displayed as informational messages, which may not stop the process fiow (SVR-STS-
STL). If the lot processmg is stopped or aborted due to an error, based on the user's
20 choice, the recovery might be: Start next image, Start next Substrate, or Start next Lot.
In an error situation, the MSC 10 can provide for the following options: restart the
substrate, skip the substrate or abort the entire lot (SYR-SCR-LOT). Expected error
) types can be: Acknowledgment timeouts-at module or system level, State errors from
devices, Calibration errors, Parameter measurement errors, Doubtful resuits of
" 25 calculations (DB-OEM-STS). A Crash Recovery Procedure might include:
1. MSC 10 can continuously poll status from the MDBox 334
2. MSC 10 can manage a "state full” crash recovery log
3. On server crash MDBox 334 can be missing in this Polling
4. MDBox 334 can send signal to Laser and Stage to Stop |
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shutdown (i.e. |lost power or accidental power off to a device)
(SVR-STS-ERH). A visual indication may be provided if a paraneter exceeds a
threshold. A status |oop may 20generate an alert and/or provide visual cues
(GQU-JOB-STS). Performance Requirenents |isted here can be the performance
requirenents related to the serviceability, maintainability, responsiveness
and t hroughput of the workpiece product. To maxim ze throughput, parallel
tasks mght required to be run during the Exposure. For exanple, while
exposi ng the substrate, Laser diagnostics can 25 be coll ected

si mul t aneously (SVR-SCR-LOT). To mexim ze throughput, the system may
elimnate or mnimze waiting tine, e.g., by running tasks in parallel

(SVR- SCRLOT). Substrate exposure tine can be ess than 90 seconds
(SVR-SCR-LOT). Substrate exchange tinme can be | ess than 45 seconds
(SVR-DEV-ROB). The MsSC 10 software may allow a throughput of approximately
30 Substrates per hour (SVR-SCR- LOT). Mean tine betmeen interrupts shoul d

be less th shoul.d d to not than 30
mnutes | a0t Rotivorpe it T Snes bindh FSRet B8k EaRRrabf RRe st

Requi r ement s Nolheshuediven can be the usability reqU|renents related to 5 the
conveni ent_use of the oduct board an e _su required
o addi £ o ooa¥t SR EBhebAe (PhE CPERATTE g SRR R PR el e g

t ouch- scr eensfatig&hecinald dan. refdnid figmrtRepgiat, wmmersystantcmshbd screen may not
be that val uable. For, day-to-day r i by Process En a Field
Servi cé Engi nedP Cr?ﬂlﬂ?ﬁgw &8 tqeftﬁgt;gll%pé%'rgcogﬁ% thfect géEﬁt & us
based t oucdwis RiZEH ks MUrRithOTbeql) frna tﬁheﬁ&smﬁycda&apmwﬁd@pﬁmké

10Touch- sg#gen may be a Ieﬁge EFIOFI%% i f ﬁ reen.real’ estaﬁtu1 %0r$ﬁ“ded
The nore i DM oL REHHAIbROfRES S} Rl RRSPT ooy ¢ PPffie MBC
10 hafs a ﬂﬂiﬁlﬂi@é@ﬁﬂ@&ﬁ@ﬁﬂ@d abdut el g arne@uhlberpsmatnsed iMhackdideh @nthimitighe user
interfaces_noted-i.n_t uirenents |ist n

i nt er f acesingeREINtARTOTHaLYT: %WRE%WW‘QB@%ﬁ%@%orfcﬁ{g%ﬁ%mgé?/m%&t

mast erll()?l Sthe lré':t m alvolatk gsxlﬁ(smxj) FoLﬁ&ﬁﬁsmé)p.ﬂm StealbliSId Haddnascover
controlle

r , St age, enua cess, S t r ol ogy,
ol or © breon b ussdRinsaT IS AL by Dok p EPTAL FF o A D G LS VRN g eq
machi nes akédNeryanagkPRE fosemR dt h@ghef Ble@EyRivERANG thefof thediPesoang i mges.
The MSC 10 g\a})ée al so use,

: e device's, s % rface to,
e.g., retr#® ‘Eﬁeéé‘?'n&@’(ti“@e|VY%fh&F?rﬁ?’ft§ﬁbS“Fﬁ%°‘F ol BW? }jﬁ%f?% s can be
utilized fO&cagdiOnglONHEH]LRY isGikiralycahlte bWienWrhly detdedion dRyiteast atdtGiatiedTTP,
CORBA andﬁﬁg? The MSC Sof twar e qog?unic%tes W th a$e aSSOC|ﬁ%§qﬂE$rgmare
in real-ti mﬁﬁ?PTVaVHFuﬁU¥g8§@§‘ ed §P FEYER AGHTIRPIBRTGY 4 WEPBP#HEPPBn and
for subm tﬁqaﬁﬁsumﬂ{%ﬂweﬂ? qurjaf IMdR NISCtideadvileR Hatavint htdr&&ﬁﬁﬂﬁli;&xb&smed and
accuracy to allaow the above Q&a? [N triput C 10
Sof tvar e i G FAUICHIBKRBPYRyST ROIEBRABE O, Hre MBE Fech HanbiSRakd®
shutdown (i.e. lost power or accidental power off to a device) (SVR-STS-ERH). A
visual indication may be provided if a parameter exceeds a threshold, A status loop may
20  generate an alert and/or provide visual cues (GUI-JOB-STS).
Performance Requirements listed here can be the performance requirements
related to the serviceability, maintainability, responsiveness and throughput of the
workpiece product. To maximize throughput, parallel tasks might required to be run
during the Exposure. For example, while exposing the substrate, Laser diagnostics can
25 be collected simultaneously (SYR-SCR-LOT). To maximize throughput, the system
may eliminate or minimize waiting time, e.g., by running tasks in parallel (SYR-SCR-
LOT). Substrate exposure time can be less than 90 seconds (SVR-SCR-LOT).
Substrate exchange time can be less than 45 seconds (SVR-DEV-ROB). The MSC 10
software may allow a throughput of approximately 30 substrates per hour (SVR-5CR-
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25Dynam cness, User Friendliness, Ease of Use and a User Interface, that
is, intuitive and user friendly. The followng related to use cases
("UCSs") for the MSC 10 regarding particular actors, i.e.; Process

Engi neer, Field Service Engineer, and Adm ni strator, Regar di ng
Manage Recipe, e.g., using the GU 40 "Recipe" interface screen 2000
illustrated by way of exanple in FIG 22 the follow ng Sub Use Cases apply.
First there may be a Create Reci pe sub-use, available to all users,

wher eby, the user, once logged in, creates a new recipe with its associ ated
i mge data, in the database. The user 5asks the systemto create a recipe
named by the user. The user, if logged in and authorized, may use the
"Create" button 2002 which will be activated for authorized user. The user
can enter recipe nanme in the "Nane" box 2008, e.g., CRY5800/JOHN R4 as
illustrated in FIG 22 to be added to the user "JOHN' recipe list 2030 as
shown. The system puts the recipe in edit node. The user supplies recipe

10 t T. : ds the i t h ipe., T, Iy .
Fpor (o r ok Mee TEe Ve MBS B GBI RRC
e.g., in "Ratgertehot i aplealia? R thinutéeinasErhapbedad(iley; apastdB8s r eci pe data

usi ng Paste ec,il.ﬁ%g use case di scussed bel ow. The user optionally inports
i mges i nt &4 ARISECi pe using Inport |mage use case di scussed bel ow. The

user optionall yUI@ﬁﬁIi@SREiﬁeﬁ‘ﬁﬁﬁ listtdetd@nrbe chPesabiity geddasinents nelgedibuse
T
t

, di d bel ow. | i [ t The. :
opt 1 onal |y EBBYFETRHST FrGe P b BSOROFE PHAHR S SPRALEPL IR Thel ow

The user ogiditidradd tpudpRiress: RNCldRUE s Ag afompytivamgeudseraasendicaligsed
bel ow. The_user indicates to tge system t hat

The. Syst enPHRFF BFHE FELI ™ SHITTREYE A COMGT SRRy ondeke e delfen,
creat es andy SiqeesEddifedr and Peeld Bervhve Rigtrestspioach screen, if hvail@fle MBG behena.
valuable. Stylus based touch screen operation of the:G'UI 40 may be provided (GUI).
10 Touch-screen may be a lesser priorfty if screen real estate is crowded. The more
information shown on the screen, the better (GUI).

The MSC 10 has a number of external interface requirements, in addition to the
user interfaces noted in the above Requirements list. In terms of hardware interfaces,
the MSC 10 software interfaces with the following devices: master distribution module

15 (“MDbox™), Laser, beam stabilization controller (*BSC”), Stage, Attenuator 338,
Process Shutter, Beam Metrology, Handler, Cassette, and Robot. A software interface
between MSC 10 based machines allows an export/import of information such as
recipes and images. The MSC 10 can also use, e.g., a Stage device’s software interface
to, e.g., retrieve diagnostic information. The following interfaces can be utilized for

20 communication by the MSC with other devices: TCP, HTTP, CORBA and USB. The
MSC Software communicates with the associated hardware in real-time, mostly fqr
purposes of collecting monitorin‘g information and for submitting low-level commands
to the devices, with reasonable speed and aceuracy to allow the above functions.
Quality attributes for the MSC 10 software include Flexibility, Robustness,

éi Dynamicness, User Friendliness, Ease of Use and a User Interface, that is, intuitive and
user friendly.

The following related to use cases (“UCSs”) for the MSC 10 regarding

particular actors, i.e.; Process Engineer, Field Service Engineer, and Administrator.
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There may be a Modify Reci pe sub-use case available to all users, whereby,
the user, once logged in, nodifies an existing recipe in the datastore. The
user utilizing the "Mdify" button 2004 selects a recipe froma pick |ist
and the systemretrieves the requested recipe fromthe datastore and puts
it in edit node. The user edits the recipe 25 i nage and/ or paraneters,

e.g., selecting the "Parans" display 2004 or " Images" display 2006, and in
the case of "Parans” as illustrated in FIG 22, nodifies the Paraneter |ist
2020 and or the "Value" list 2022 adding or deleting i mges fromthe

reci pe, changing the nane of the recipe, e.g., in "Nane" box 2008 and
optionally uses the inport, copy, paste and |like functions noted for the
Create Reci pe use case. There may be a Del ete Reci pe sub-use case
whereby the authorized user, once |logged in, deletes an existing recipe
fromthe datastore, e.g., using the "Delete" button 2024. The user selects
a recipe froma pick list and deletes it. There may be an I nport- Recipe

sub-use case, ere e user .inports.a reci ta f,,oman external file
whil o oreati ng Hreetie Migebe Rept et wrine HET 10 R GPEAT B Do,
The user s0pplillesraicdeynaseobéxamié IncEIQ. @itlel fodloosing Hreb Ued Gasek applyy &&rst and
the syste opul ates_the recipe.create or. edif node with the recipe data
ead 1t omuHE A B & GroatReanE LGt AISRioy of NETaouereRy. 5t s aBbe.  The
user cont iloged i drbatbd1enéwedife Rithak AsQiciabd image dataas tHedambdsed Tha usdre
Create Recigg and Modi fy Reci pe use be, an Export

cases. Ther e
Reci pe SsuBSEste sydem Qg TSCHRS N3EEF OY, %Esqroaagéfs‘?‘n&l%%gggﬁ Y 1 eci pe
into an exu@{dizkd,frhiLuseahd “Crdisd Nt @ obEXBMKtwilln dceiat2® 26 asttmnized n t he

screen of 2000 FIG 22. The system provides g pic ist of recipes and the
user sel ed{3§r°aTheéb?eb%ar‘a?THe&fﬁ%‘Pﬁ§ﬂ@erRteh‘glamq é’oixr?hghvﬁ‘ﬁ'ch to save the

exported rerypsostadEN/RAGE ilisteted XNANEB220b bhidi@ed foaké didd FJOFNU ecipetivior k
drives. Ther e n%% be an

| mport ] mage sub-use_ case, ereby, once
| ogged i n,2%PRES slewn.i %ﬁ:f%eraﬁursr{a@@cmed%e% “@Qﬁe%ﬁél“s?ris%\,\g\'ﬁﬁi"?‘é%r eating
or edifol NGakHH4EAS The -uder addS tNDintd3es tol tHP Adipe. brHel\@8r ZiRfaBpins@taetipag t he
"I mage" display 2006. The system asks the user to sup_Bl% t he ngge %& a
file, incld¥A WPHAFITPET RIGREGUSCEETH PSR RIRY Retewor R “ATATEET SBRIFY t he

syst em popuhet gheubs c%[f%hmy pieat ecipé dadinkinBuesieRdelpetie chsrrgRueata read
fromthe file. : here may be an Export Ina%% sub-use ass, whereby,
once | oggetf! W, ThhEse QBHORYFOIMROTS AMARREJRI0 tE FPCIRE WASHPRAT F1A8E YR P16

creating Qfis@icddivethw EThP8Ser optiBnallySRls@E bh MajdBito BXpeipe usig Pate BAZE and
the "I mage" displ ay 2qg6. The_user supplies the nunber éSof the i )ge and
the naife o€ &35 ABCHSIESLHRME N e seBifeP 1%”&8&&%%‘?%&3 © Y gptiona

eXports an image using Export Image use case discussed below. The user optionally

copies an image using Copy Image use case discussed below. The user indicates to the

system that he is done with the changes. The system performs recipe and image data

consistefncy checks. The system creates and stores the recipe in the datastore, e.g., the
20  MSC schema.

There may be a Modify Recipe sub-use case available to all users, whereby, the
user, once logged in, modifies an existing recipe in the datastore. The user utilizing the
“Modify” button 2004 selects a recipe from a pick list and the §ystem retrieves the
requested recipe from the datastore and puts it in edit mode. The user edits the recipe

25  image and/or parameters, e.g., selecting the “Params” display 2004 or “ Images” display
2006, and in the case of “Params” aé illustrated in F1G. 22, modifies the_ Parameter list
2020 and/ or the “Value” list 2022 adding or deleting images from the recipe, changing '
the name of the recipe, e.g., in “Name” box 2008 and optionally uses the import, copy,

paste and like functions noted for the Create Recipe use case.
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i ncluding names of files residing on the network drives. There may be
a Copy Reci pe sub-use case, whereby, the user copies a recipe into system
clipboard to paste it later in recipe edit node, e.g., using the "Copy"
button 2032. The user supplies the name of a recipe in the datastore and
the system popul ates the clipboard with the recipe data fromthe
datastore, e.g., nmaking paraneter and/ or inages available in the
respective displays 2020 and 2022. There may be a Paste Recipe
sub-use case whereby, the user pastes recipe data fromsystem cli pboard
while creating or editing recipes, e.g., using the "Paste" button 52034.
The user asks the systemto paste a recipe fromsystemclipboard. The
system popul ates the recipe create or edit node wit the recipe data read
fromthe systemclipboard. The user continues with the recipe create or
edit node as described in the Create Recipe and Mdify Reci pe cases. There
may be a Copy |nmage sub-use case, mhereby t he user copies an inage 10 into

system cl i pboarflhvl\lmrd 15 £ %1%@?(}%1 esp t| ng %Bﬁ%mgﬁ&hm% g, the. " Copy"

button 2032 and Sl ing e system dsks the
user to sulpggsd mheelauasm:eexnsﬁng :}eelperfageﬂnerdatdsew ecd. p&lmg)thcbﬁ'yleamdnwapul ates

the clipb e data. fromthe, re sing the supplied inage
nunber . %5 se hec‘ﬁﬁrtsle%lf WK ff%ea eccltclibsga'g&%%%{e gr edit node as descri bed
in the Cr eat e REhérpenayrisk dvbishifoyt IRextpepmbiise cegswherchs Tearser inegortser cipast e
| mage sub-use.case wher ast.es _an A
cli pboa?r d (i&l Sf 4 %ﬁt%acﬁéI@lgrcé%a?‘inﬁﬁpcgéﬁlga|r?m31e§ ngg uglkg e I%}‘éghum ng the
"Past e" butbdtoom 22284 Taadssalueplidsnge hiree &f mﬁ@i‘esnﬁusg)blaﬁlem&@rkelrgw, apdi ngi ng
up the display shown of illustration
popul at es &'ﬁéy?t%néip gulc%?eégﬁ%r%we&?#e { "%‘é‘ mo‘fehw%ﬁle? S §da%h§a£%§ﬁgﬁ£ a read
from syst emedbi macsabsiqueatgzse basheABert dad ng¢d attovd The weardowiR@ivitiitbee | mages
for a Reci ted whe g% - tab. 200 nd |n
w ndow 20155 aerroe HELPaY kst TG Ra BRI NS a AT RESRE e
There may d&mesa Li st ReC|pes sub-use case, whereby, once Iogged in, the user
lists all recip in the aba stem di.spla the t he .
recipes in the TR O & aﬁgwoétsgfeé?ea%% 7 (i RO (Ig‘ %bg %ﬁ?euu O%g?osgg% n?' re
may be a \/e;epurﬁeee@ee Fyb an seteans fle, wireneiny thdnt:Bpopse;r’ bmthEOMopm intlee t he
data of a recip . The.systemdi s s.th
reci pe, intitd] %(}O@ Rfﬂf‘n%e?@%ﬁyé,%‘? BmtVH%g ) hséﬁgretc 55 ﬁggth%g[}ﬁ | %rl]ea{fﬁ 35 asks
t he syst emecipepintdnlic idife bEtiedite Hhad a:hlch'Ebem& thaex;hmtelﬁ&aegedﬁa,apelmﬂm@ub Use
Cases as fol | ows ich nay brin up, |
names of es residing on the network drwes
There may be an Import Image sub-use case, whereby, once logged in, the user
imports an image from an external file while creating or editing recipes, e.g., using the
“Import” button 2026 and selecting the “Image” display 2006. The system asks the user
to supply the name of a file; including names of files residing on the network drives,
20  and the system populates the recipe create or edit mode with the image data read from
the file. _ '
There may be an Export Image sub-use class, whereby, once logged in, the user
exports an image into an external file while creating or editing recipes, e.g., selecting
the “Export” button 2028 and the “Image” display 2006. The user supplies the number
25  ofthe image and the name of a file into which to save the exported image data,
including names of files residing on the network drives.
There may be a Copy Recipe sub-use case, whereby, the user copies a recipe
into system clipboard to paste it later in recipe edit mode, e.g., using the “Copy” button

2032. The user supplies the name of a recipe in the datastore and the system populates
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the GU 40 interface the screen 2050, which may include a Project Nane box
2052, where the user may add or edit a Project Nane and a Project
Description box 2054 of FIG 24 containing a brief description of the
Project. There may be a Create Project 5 sub-use case, whereby, the user,
once logged in creates a new project for maintenance or nonitoring. The
user asks the systemto create a project using one of the two views:
standard view or customview. The systemputs the project in edit node. The
system di spl ays the standard view, e.g., as shown on the screen 2050" in
FIG 25 at 2060 and 2062. The user adds tasks into the project, e.g., using
w ndow 2053 of FIG 24. The 10user optionally activates/deactivates tasks
added to the project, also as shown by way of exanple in w ndow 2053. The
user supplies runtinme paraneters for the tasks added into the project. The
user indicates to the systemthat he is done with the changes. The system
performs project data conS|stency checks. The systemcreates and stores the

project in th ser or cust view, fhe system

B ohlays attaiebRrdautue e O FOm PR GAERPG S-SR ST & o5,
e.g., Lasetmsg%@hwta,mm&ﬁé r&pa@n@ﬂns@zaybaem aftbpgdoad, stage control, Stage
Di agnosi s and Stage Down oad, ga @)user carlt1 Eﬁﬁl etgl a prgdeect te Iate
e.g., from Dag%‘?’iﬁlrﬁ@’ %8 hAS BACIPS APt esp PherR 189 3P MARS TSRS cust om
f or m based @ ¢ @:nﬁ@l'i;ﬂfbtaﬁﬂwhﬂéf&%ﬁi@ orsedﬁmgascisbg\mg msm@ayte df’asw’amnioﬂ in
FIG's 26-28 ntrol - gﬁl ate 2070, D a i S ajt 20 0 ODovvnI oad
Tenpl at® 28081 Fassyrer pskydhsg sysigrutqraste "’s‘i‘}g i"é)s" n%“ 1&? ¥ e. g.
tasks to bgoptnalegldﬁcteweEtt@tenmuaetodeemgthe ruapagawwuiiomra@lﬁetsysmnscreen 2050
of FIG 24, runtine paranmeters for task 2012 of

screen 2000UpRRrds) Epe gagr C'é‘tté‘mfs uﬁhéhqjgeg}pe@qq%%ﬂ!éqqung%gs ‘f%éﬁ%ﬁ%dpg%ﬁ for an
i edi at e @;@eggmgegﬁ&mwaﬁmecmag%stem can add the proj ect to the top of
the job queue, start the gueue in step Fg}g% Lthe{) g{tjeuels not
al ready st art ed TRAGE TBR%PF afé’i’t”ﬂ‘éag%%th |55 Cd?e rOYPnBREE GPRIGHA" 'MAE®  There
nmay bea Nlnctbfsystah%gséarauhntés;eeaﬁag@r cdHIBE e&ypest t\g USiag tmmcfpnyesuam

exi sting progéact The user selects a project system

retrieves A trdestivg thy dpeage” ?‘PBW d90% st BF éyr sty @ ﬂﬂgttge pEer f%SLE’d‘P)t thipde

e.g., as Itahht%t:r@{ttﬁdu%géﬂﬁ%éferc%rto%pﬁr{a Pébul KBEthe ¥ B m&azrthdms@é asat he
standard vi ew. The .user_ adds or del etes tasks fromt E “)itg The user

opt i onal | y 98t th Ae4R?: @ the sERpEcd FBREE TR lﬂ)‘i’?ﬁeéﬁ‘t’mmé‘ e T RGow

2053. The Yg@fe GddltSnbdsSisSicREaRaTh thdlClebR HcReatid Mam;gRE@lpé udaekedise case,
e.g., by selecting tasks shown_in w ndow 5051 The giﬁer can al so change the
Bh

sequéhce of t d4RE PAY b Farislges sumeseseds Vs JECT SR ARETDEC t he

proj ect. T*ﬁ%n&l@@fstéhraﬂbsaetrﬁntb@rwge fyat @xréhmglbr bRt SredaRe, af Bsiidithe
changes, ton in FIG, 24. The iéstem C t hen

h
store the pgé'jt“écltuﬁoﬁ 4036 saatsalsttmgethe ‘Imagsd dinipyerd0s; 2o PERBIRE YRSy a

tenplate, ighey %B%WWaﬂbﬁﬂb%Yat@nQ%FW%' EWe sHEM RPuRER the tadfer ated in
FIG's 26-28 for Laser system customtenplates, Contro Cﬂ@)g&}ggoas and

Downl oad, FESStaditangde e thg selestRddAIR g Pstﬁva%ﬁ OB Ba&Ed2dn t he
tenpl abg ofi8ted in window 2010 where images for a Recipe may be listed when the “Images”

tab 2006 is selected and in window 2012 where values for parameters for a given Image
may be viewed.

There may be a List Recipes sub-use case, whereby, once logged in, the user
lists all recipes in the database. The system dtsplays the names of all the recipes in the

25  datastore in a hierachical folder structure.

There may be a View Recipe sub-use case, whereby the user views and prints
the data of a recipe in the datastore. The system displays the data of the recipe,
including the image data, to the user, and the user optionally asks the system to print the

recipe data.
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10 project from Di agnostics, Downl oad, and Control. The user can nodify
project data (e.g. tasks to be included in the project, runtine paraneters
for tasks etc.). The user optionally can run the project for an inmediate
on-denmand executi on whereby the system adds the project to the top of the
j ob queue, starts the job queue in step node if the job queue is not
already started and displays the results of the job execution. 15There nmay
be a Del ete Project sub-use, whereby, the user deletes an existing project
fromthe datastore. The user selects a project froma pick list and it is
del et ed. There may be a List Projects sub-use case, whereby, the
user lists all projects in the datastore, e.g., in the w ndow 2056 of FIG
24. There may be a View Project sub-use case, available to all users,

wher eby, once |logged in, the user views a project in the 20datastore

sel ected fromthe Iist of wi ndow 2056, such as in wi ndows 2053 and 2058.
There may be a List Tasks sub-use case, available to all users, whereby,

once | ogged in,..the user |st al | n_the t Qr LA W ndow
2051. There rmay K5 & %ﬂ""f‘aqgr %?Sﬁé 3@53 taeseég f"q’%&’?z‘?ﬁ l})%?bghgl Prﬁﬂser s,
wher eby, m@maggmrﬁam thieRereess eoiomﬂfcthsm)y Gichele adab ot Wame &dnx 80541 nal
file, e.g. the " ort.

tton ree 2050

while crea r-ed e proj elt create
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her ooy sEuRf e Pabbreblcth® Sieresti Iasaed T FisatthE R b B8, mafHEdald 1"
button on otrlnﬁmsmnegnm%@ercafskﬂh@usyﬁén td b@auewmpsﬂqsmmaqfshetwd giewgport a
pr oj ect |ng§lg e ect ed externa '
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gas project in the datastore. If the user asks for custom view, the system displays a custom
15 view, e.g., from thos listed in window 2064 of FIG. 25, e.g., Laser control, Laser
diagnosis, Laser download, stage control, Stage Diagnosis and Stage Download, and the
user can select a project template, e.g., from Diagnostics, Download, and Control. The
system displays a custom form based on the selected template, such as shown by way of
example in FIG.’s 26-28, Control Template 2070, Diagnosis Template 2080 and
20 Download Template 2090, respectively. The user supplies, e.g., project data (e.g. tasks
to be included in the project, e.g., using window 2051 in screen 2050 of FIG. 24,
runtime parameters for tasks, e.g., using windows 2010, 2012 of screen 2600’ of FIG.
23, etc.j. The user optionally runs the project for an immediate on-demand execution.
The system can add the project to the top of the job queue, start the job queue in step
25  mode if the job queue is not already started and displays the results of the job execution.
There may be a Modify Project sub-use case, whereby, the user modifies an
existing project. The user selects a project from a pick list. The system retrieves the
requested project from datastore and puts it in edit mode, e.g., as illustrated on the

screen of FIG 24. The system can diéplay the standard view. The user adds or deletes
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managenent commands and a box 2078 for responses fromthe | aser. The Laser
Di agnosi s di agnosis tenplate 2080 of FIG 27 may include, e.g., a plurality
of selectable |aser check node information boxes 2082, which when sel ected
may di splay a node indicator, a value indicator, a frequency indicator, a
nunber of pul ses indicator and an 15average nunber indicator. There may

al so be a box 2084 for comments and a box 2086 that can be selected to
performa gas refill. The Laser downl oad downl oad tenplate 2090 of FIG 28
may include a plurality of Pre-run information boxes 2092 that may show,
e.g., node, value, pulse nunber and frequency, along with a plurality of
boxes 2094 to se|lect, e.g., D agnostics, configurables, RawShots, 10K and
1M Also it may 20 include a "RUN" box. There may be a Paste Project
sub-use case, whereby, the user pastes project data, e.g., froma system
clipboard while creating or editing projects, e.g., using the "Paste"
button on the screen 2050 of FIG. 24. The system popul ates the project
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runni ng. the 'lj'here (%ay g aZLjis(.%GPrg\_{%cszts su ”_ﬁge casg fv%eei:eby, the user lists all projects in
the datastore, e.g., in the window 2056 of FIG. 24. There may be a View iject sub-
use case, available 1o all users, whereby, once logged in, the user views a project in the
20  datastore selected from the list of window 2056, such as in windows 20353 and 2058.
" There ma)} be a List Tasks sub-use case, available to all users, whereby, once logged in,
the user lists all tasks in the datastore, e.g., in window 2051, There may be a Import
Project sub-use case, available to all users, whereby, once logged in, the user imports
project data from an external file, e.g., using the “Import” button on the screen 2030 of
25  FIG. 24, while creating or editing projects. The system populates the project create or
) edit file mode with the project data read from a designated file.
There may be an Export Project sub-use case, whereby, once logged in, the user
exports a project into an external file, e.g., using the “Export” button on the screen 2050

of FIG. 24. The user asks the system to export a project into a selected external file.
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the systemcontinues wth the next task in the project. O herw se, the
systemtakes the 20unprocessed jobs fromthe front of the queue 2106, e.g.,
"Lot 1" in the status w ndow 2100, rmakes a copy of the job and uses that
copy to start executing one after another. If a lot is getting processed,
the system di splays the progress of the crystallization process and the
substrate location of the currently executing | ot graphically in a w ndow,
e.g., 2107 in FIG 33. The system al so displays a graphical representation
2104 of the 25cassette, e.g., which substrate is currently being processed,
how many nore substrates to go etc. The system updates the status of the
currently processing job 2108 in the job queue 2106 to "Processing", e.g.,
in wi ndow 2100. Wen the processing for a job is conplete and successful,
the system changes the job's status in the job queue 2106 to "Processed",
e.g., as shown in w ndow 2100 for Job P2. If the systemfails to
successfully execute the job, it changes the job's status in the job queue

to "Failed.to Process". Ther be a . .00 subsyse case,
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indicator, a value indicator, a frequency indicator, a number of pulses indicator and an
15  average number indicator. There may also be a box 2084 for comments and a box 2086
that can be selected to perform a gas refill. The Laser download download template
2090 of FIG. 28 may include a plurality of Pre-run information boxes 2092 that may
show, e.g., mode, value, pulse number and frequency, along with a plurality of boxes
2094 to select, e.g., Diagnostics, configurables, RawShots, 10K and IM. Also it may
20 include a “RUN” box.
There may be a Paste Project sub-use case, whereby, the user pastes project data,
e.g., from a system clipboard while creating or editing projects, €.g., using the “Paste”
button on the screen 2050 of FIG. 24. The system populates the project create or edit
mode with the project data read from the system clipboard. The user continues with the
25  project create or edit mode as described in the Create Project and Modify Project use
cases.
Under the Manage Job Queue Use Case there can be the following sub-use

cases. There may be a Add Job to Job Queue sub-use case, whereby, the user adds a lot

or project into the job queue to process the lot or execute the job using the job queue.
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20 node. There may be a Renove the Job Queue 2106 out of Step Mode
sub-use case, whereby, the user takes the job queue 2106 out of step node
so that the job queue 2106 starts executing one job after another. The
system puts the job queue in continuous node, e.g., using the "Continuous"”
node sel ector 2122, so that it starts executing all 25 jobs in it one after
anot her. The system updates the status w ndow 2100 to indicate that the job
gueue 2106 is in continuous node. There may be a View System St atus sub-use
case, whereby, the user sees the current status of the system and devi ces,
e.g., in wndow 2130 of FIG 33., or the screens of FIGS. 35,36. The system
di splays the current status of the systemand devices on nultiple status
tabs, with each status tab showi ng current val ues of status paranmeters. The
system provi des visual indi.cators such as colors for the tabs and for the
status paranmeters on the tabs, based on their severity: Fatal, Error,
War ni ng or Message. The system al so provides visual or textual indicators
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indicate that the job queue may be running. If the job queue 2106 was paused before,
the system continues with the next task in the project. Otherwise, the system takes the
20 unprocessed jobs from the front of the queue 2106, e.g., “Lot 1” in the status window
2100, makes a copy of the job and uses that copy to start executing one after another. If
a lot is getting processed, the system. displays the progress of the crystallization process
and the substrate location of the currently executing lot graphically in a window, e.g,,
2107 in FIG. 33. The system also displays a graphical representation 2104 of the
25  cassette, e.g., which substrate is currently being processed, how many more substrates
to go etc. The system upde{tes the status of the durrently processing job 2108 in the job
queue 2106 to “Processing”, e.g., in window 2100. When the processing for a job is
complete and successful, the system changes the job’s status in the job queue 2106 to

“Processed”, e.g., as shown in window 2100 for Job P2. If the system fails to
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There may be an Edit Schedule of a Project in Miintenance Schedul e sub-use
case, whereby, the user nodifies the schedule of a project in the

mai nt enance schedule, e.g., using the "Mdify" button 2156. The user
selects a project fromthe Mintenance Schedul e, the system asks the user
to supply the schedule for the project. The user 5supplies the schedul e as
Daily, Wekly or Monthly, e.qg., in the window 2142 of FIG 29. The system
updat es the mai nt enance schedul e of the project. There nmay be a View
Mai nt enance Schedul e sub-use case whereby, the user views the maintenance
schedul e 2144. Under the Login Sub Use Cases the follow ng sub-use
case may apply. There Itomay be a Login User sub-use case under which a
user can be logged in, e.g., using the screen 2160 of FIG 18. There
may be a Switch User sub-use case under which the user changes the | ogged
in user to the user. There nmay be a Logout User sub-use under which the
user logs out of the 15system There may be a Regi ster User sub-use
case under_whi c

case e L RS B PRl K P g st e
(one of Ogebedser./ Process Engineer, Field Service Engineer or
28 AR BIE USSRl e B oot
case underguehe,ae.f With 48N ib&itb AR OI4 Erastréearive, @iprevensitifign poeessingohet he
ST e o T BT B S PR B P under
queue 2106, The system checks if a job 2108 is currently running. If a job, e.g., “Lot
1”in the job queue 2106 is currently running, the system prompts the user to select one
of: abort the currently running job, pause currently running job, stop after finishing the
currently running job. If the user selects abort, the system terminates the currently
10 running job. If the user selects pause, the system stops after finishing currently running
task of the job. If the user selects stop, the system stops the job queue 2106 after the
currently running job finishes. The system updates the status window 2100 1o indicate
that the job queue may be stopped. .
There may be a View Job Queue, sub-use case, whereby, the user views the list
15" of jobs in the job queue 2108, e.g., with the screen 2110 of FIG. 33.
There may be a Put the Job Queue in Step Mode sub-use case, whereby, the
user, e.g., with the “Stop” mode selector 2120 of FIG. 33, puts the job queue 2106 in
step mode so that thejbb queue stops after executing each job 2108. The system
updates the status window 2100 to indicate that the job queue 2106 may be in step
20  mode. ’
There may be a Remove the Job Queue 2106 out of Step Mode sub-use case,
whereby, the user takes the job queue 2106 out of step mode so that the job queune 2106
starts executing one job after another. The system puts the job queue in continuous
mode, e.g., using the “Continuous” mode selector 2122, so that it starts executing all
25 jobs in it one after another. The system updates the status window 2100 to indicate that
the job queue 2106 is in continuous mode.
There may be a View System Status sub-use case, whereby, the user sees the
current status of the system and devices, e.g., in window 2130 of FIG. 33,, or the

screens of FIGS. 35,36. The system displays the current status of the system and
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25There may be a Login Rol e sub-use case whereby the user logs into the
system under the authorized role. There may be a Swtch Rol e sub-use
case, whereby, the user changes the logged in role to another role. The
system asks the user to select one of the roles fromthe list: Operator/
Process Engi neer, Field Service Engineer, or Adm nistrator. The System asks
the user to supply user I D and password. The system | ogs out the currently
|l ogged in role and logs in the actor into the systemw th selected role.
There may be a Switch Rol e User sub-use case, whereby, the user changes the
| ogged in user to hinself/herself. The system asks the user to supply user

I D, and the 5system | ogs out the currently logged in user and logs in the
actor into the system There nmay be a Logout Rol e sub-use case,

wher eby, the user |logs out of the system The systemlogs out the role from
the system The systemcloses its nmain display window There may be a
Change Rol e Login Password sub-use case, whereby, the 10Adm ni strator

changes thg ﬁ&%%m{%nﬂu fe s {aBé%zll Jd4Eh § ?utseigﬂgfb &Qﬁv&ﬁés’sﬁg%&?ﬁ“e the
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avai l abJ e ers, aqnce whereby, the user views a nodule in
t he datgast%%gﬁu fOésc'lewS%s,ggwggﬂerggggl rg?dlfllf’se 37. The system provi des a pick

li st of nodul esUndéghs M;mage Patj¢dt SvissiuldEsa Espeabire danrbelanembenmi suheise
syst om 20d1 51 Syenet (Reb i P a5E8 Srafindog gl Tnd TRBIE R T
nodul e; wi ¢dsenaineshy, sg,na;lingmhabe:een ofrﬁﬁmzrtana}mmecmdﬂstaeme;eﬂ ioto & schedu]&',her e
ey be 2, "Bl e MIPHL gt B RS LRI, ST e
dat ast or e. fridtnehs pkdist @Mﬂu 'ﬂ&:ssyatepl alds thesprofekt mmrdtlnleemmt?h@cs pehederaadr i eves
the r equest&s it ir enabefeJ L The user provides the project schedule using the Edit Schedule ‘
of a Project in Maintenance Schedule use case, e.g., 2142 as shown on FIG. 29. As per
the schedule of the project, the system adds the project to the top of the job queue, e.g.,
2144 on FIG. 29. For example, if the supplied schedule is weekly, the system executes
15  the project on the first day of the week, when the job queue 2144 may be staried on that
day.
There may be an Remove Project From Maintenance Schedule sub-use case,
once logged in, whereby, thle user removes a project from the ﬁzaintenance schedule
used for scheduled monitoring, e.g., using the “Delete” key 2146. The system removes
20 the project from the maintenance schedule. ,
There may be an Enable A Project In Maintenance Schedule sub-use case,
whereby, the user activates a project in the maintenance schedule for scheduling, e.g.,
using the “Apply” button 2150 on the screen of FIG. 29. The system enables the project
for gcheduled maintenance. As per the schedule of the project, the system executes the
25  project when the first recipe of the day is processed.
There may be a Disable A Project In Maintenance Schedule sub-use case,
whereby, the user.deactivatesl a project in the maintenance schedule so that it won’tbe -
scheduled, e.g., using the “Cance)” button 2152 in FIG. 29.
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25datastore and puts it in edit node. The systemdisplays the |list of al
conponents and devi ces conprising the nodul e under "Mdul e Conponents” 2206
on screen 2290; with nanmes, serial nurnbers, maintenance counters, etc.
under ' Conponent Properties" 2208 on screen 2200. The user edits paraneter
data such as the maintenance counters. The system stores the nodule in the
dat ast or e. Under the Configure System Sub Use Cases, there can be a
nunber of sub-use cases as follows. There nay be a Edit System
Configuration sub-use case, whereby, once logged in, the user nodifies the
machi ne or system configuration information. The user asks the systemto
edit the systemconfiguration info. The system puts the 5system
configuration in edit node. The user nodifies system configuration info,
e.g., on the screens 2200, 2200' and 2200" of FIGS. 37, 38 and 39. The
system saves the systemconfiguration info in datastore. Screen 2200 of
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in wi ndow 246#of FIG 41, by which, e.g., can be

There may be a Register User sub-use case under which the user registers a new

user into the system. The system asks the user to supply the user ID, password and the
role of the new user (one of Operator/ Process Engineer, Field Service Engineer or
Administrator). The system adds the user to the user list in the datastore with the
20  supplied data.
There may be an Unregister User sub-use case under which the administrator
can remove an existing user from the system.
'i"here may be a Change User Login Password sub-use case under which the user
can change his login password.
25 There may be a Login Role sub-use case whereby the user logs into the systém
under the authorized role,
There may be a Switch Role sub-use case, whereby, the user changes the logged
in role to another role. The system asks the user to select one of the roles from the list:

Operator/ Process Engineer, Field Service Engineer, or Administrator. The System asks
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selected a certain tine, device, nmessage severity level, and tine period
for filtering along with the filtered nessage(s) in a display w ndow 2406.
There may be a View System Configuration sub-use case, whereby, the user
views the nmachine or system configuration information. The system di spl ays
the 5systemconfiguration with nultiple tabs one for each device.

There may be a Configure System Status sub-use case, whereby, the user adds
new status tabs and changes the content of the existing status tabs. The
system di splays a list of existing status tabs in the datastore. The system
al so displays a list of all status paraneters in the datastore. The user
optionally adds new status tabs to the status tab tolist and adds one or
nore status paraneters to the newy created status tab. The user optionally
nodi fies the contents of an existing status tab by addi ng, reordering or
removi ng status paraneters fromit. The user optionally reorders the status
tabs. The user optionally deletes an existing status tab. It will be
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system provxdes a pick hst of modules. The system retrieves the requested module from

25  datastore and puts it in edit mode. The system displays the list of all components and
devices comprising the module under “Module Components” 2206 on screen 2200;
with names, serial numbers, maintenance counters, etc. under ‘Componént Properties”
2208 on screen 2200. The user edits parameter data such as the maintenance couhters.

The system stores the module in the datastore.
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15dat abase. The input paraneter may have been previously stored in the MSC
dat abase and the generic command may be contained in a script in the CEM
dat abase. The apparatus and nethod may fiirther conprise a plurality of
process control subsystens in comunication with the process server, each
subsystem conprising a nessage queue and message | oop; a nessage punp
associ ated Wi th each nmessage queue and message 20l oop serializing access to
the respective subsystem and may further conprise a device interface in
comuni cation with at |east one device froma group conprising the |aser
and the work stage, utilizing a |anguage converter converting the .
comuni cation froma neutral |anguage format utilized within the command
interpreter to a device specific device |anguage format. A pul sed DW
wor kpi ece treatnent apparatus which may 25deliver light to irradiate the
wor kpi ece, for crystallization of a material on the workpiece, carried on a
work stage, which may conprise a pulsed |aser DUV Iight source and an
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F1G. 36, illustrates by way of example what is displayed when the “Status” tab is

selected. There is shown a status tab name box, e.g., Maintenance, as illustrated, and a

window identifying the status tabs, e.g., Summary, Laser, Stage and System. a window

2216 displays the available status parameters and a window 2218 displays the status tab
20  parameters. '

Role and User screens 2300 and 2300° respectively of FIG.”s 38 and 39 illustrate
by way of example displays selected by Role and User tabs on which a user may log'in
for a role selected from window 2310 by inserting a password in box 2312 and users
may be assigned roles by user ID, if that ID appears in the window 2314, and is entered

25  inbox 2316, the role is selected in box 2318, and a password is entered in box 2320.

Screens 2400 and 2400" of FIG.” s 40 and 41 may show, respectively, all

messages, €.g., error and alarm messages in a window 2402 or select certain types of

messages/alarms with a filter in window 2404 of FIG. 41, by which, e.g., can be
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control thread associated with all of the respective devices and a

di agnostic thread associated with all of the respective devices. Each
separately functioning thread may 20conpri se a separate conmuni cation
channel . The systemcontroller may utilize generic device conmands

i ndependently of the device types. The device commands may correspond to
hi gh | evel actions. The apparatus and nethod nay conprise the GU client
storing recipe definitions as paraneters in the MSC database prior to
sendi ng user commands to the process server and may further conprise a
message queue and a 25nessage | oop. The apparatus and nmethod nmay conpri se
the at | east two separately functioning threads conprising one or nore
separately functioning threads each as a separate device interface to a
respective one of the plurality of process devices. The at |east two
separately functioning threads nmay conprise a respective control thread
associated with the respective device and a respective diagnostic thread
associ at ed séﬁ'e&Qd atcE'Eall; ‘?E,Peﬁ&d&!ee n%%éfétgi%%evéﬁgﬁ‘ev%ﬁQﬁ‘&rﬁ&%'sp%nw@&tﬁlPé?f %9 thr ead
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panel s can chigve t hese | [OV d panels. Such TFT panel s and
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enhanced per aracteris
crystallization of a material on the workpiece, carried on a work stage, which may

comprise a pulsed laser DUV light source and an optical train producing a very narrow
width very elongated beam of light pulses with a set of parameters required to be
maintained within a respective selected narrow range of values on a pulse to pulse basis

20 is discloséd, which may comprise: a laser controller; a work stage controller; a system
controller receiving process recipé control demands from a customer recipe control
command generator and providing control éignals to the laser controller and the
workstage controller, which may comprise: a database driven process controller which
may comprise: a database-containing generic process command steps selectable by a

25 user through an external process user interface. The apparatus and method may
comprise process contr‘ol customization from user to user, and may also comprise an
interpreter convertmg process command steps selected through the external process user
interface to a respective generic scrlpt or scripts, The apparatus and method may

comprise a work flow engine identifying to the user process command steps that are

83



along with others, e.g., enhanced OLED lifetinmes. In addition, enhanced
poly-silicon display panels, made with increased yields and thus at | ower
cost, offer nmany advantages over currently utilized anorphous silicon based
di spl ay panels, such as those nmentioned above and al so, e.g., better snal
and nmedi um si zed di splay panels, 25 greater stability under high current

| oads needed for OLEDs. Furthernore better process control according to
aspects of the disclosed subject matter add to these benefits. Hi gh
power, e.g., greater than 1000 Wexcinmer |aser annealing, with the |aser
out put optically formed into a very long, e.g., over 500 nmand very thin,
e.g., under 10 um beamw dth, exciner, e.g., Xed or XeF |aser annealing
systens are currently believed to be an excell ent apparatus for performng
t he anorphous the annealing on |arge substrates, generation 3 and beyond,
to attain the above noted thin filn1advantageous transi stor and OLED
results. The | aser elongated thin beam can, 5nelt a local region of
anor phous I egi on
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20 loop serializing access to the respective subsystem, and may further compnse a device
interface in communication with at least one device from a group comprising the laser
and the work stage, utilizing a language converter converting the communication from a
neutral fanguage format utilized within the command interpreter to a device specific
device language format. A pulsed DUV workpicce treatment apparatus which may

25  deliver light to irradiate the workpiece, for crystallization of a material on the
workpiece, carried on a work stage, which rhay comprise a pulsed laser DUV light
source and an optical train producing a very narrow width very elongated beam of light
pulses with'a set of parameters required to be maintained within a respective selected

narrow range of values on a pulse to pulse basig is disclosed which may comprise: a
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utilities and a material handler and a factory automation host, which are
of the selection of the end user custonmer and unknown, in advance, to the
anneal i ng system control |l er manufacturer and which the, e.g., MSC and DAS
and Devices nust interface with and/or be run by. 5The controller according
to aspect of an enbodi nment of the disclosed subject matter provides a
nunber of design advantages. The systemis one of high availability - 24-7
-7. The controller is distributed, e.g. with hard real-tinme requirenents
handl ed by the controll ed devices, overall coordination, control, operator
f eedback and data coll ection handl ed by the MSC and nultipl e paths of
information flow, e.g., local 10operator control and factory host control
avai l abl e. The systemis also highly adaptable, being, e.g., capable of
control and nonitoring of an arbitrary set of intelligent devices and
allowing for the nodification of the device set and/or substitution of
different devices for the sane functionality wthin the device set w thout
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maintained within a respective selected narrow range of values on a pulse to pulse basis
is disclosed, which may comprise: a laser controller; a work stage controller; a plurality
15 of process devices controlled by a system device manager utilizing at least two
separately functioning threads one of which comprises a device interface to each of the
plurality of process devices. The two separately functioning threads may comprise a ‘
control thread associated with all of the respective devices and a diagnostic thread
associated with all of the respective devices. Each separately functioning thread may
20 comprise a separate communication channel. The system controller may utilize generic
device commands independently of the device types. The device commands may -
correspond to high level actions. The apparatus and method may comprise the GUI
client storing recipe definitions as parameters in the MSC database prior to sending user
commands to the process server and may further comprise a message queue and a
25  message loop. The apparatus and method may comprise the at least two separately '
functioning threads comprising one or more separately functioning threads each as a
separate device intefface to a respective one of the plurality of process devices. The at
least two separately functioning threads may comprise a respective control thread

associated with the respective device and a respective diagnostic thread associated with
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bei ng controller according to aspects of an enbodi nent of the disclosed
subject matter, e.g., by running Projects or Recipes. Projects may be
created by the systemoperator, e.g., using Tasks, with a Recipe formng a
speci alized version of a Task. At runtinme, the command interpreter nmay be
used to parse Tasks, e.g., thereby executing Device 5 commands. Contr ol

| ogic, therefore, can be noved fromconpiled code to dynami c data, e.g.,
stored in nenory. During, e.g., Task execution, the Task may conme fromthe
CEM scherma and the paraneters may cone fromthe MSC schema and the command
interpreter may use these to provide a device command(s) to a Device. The,
e.g., PostgreSQ., with its paraneterized script formats may be conf.i gured
toto be-user controlled, e.g., with global |evel variables that can all ow
user control of system | Dehaviors, e.g., connection tinmeouts, calibration
factors, and device enabl e/di sable. Users may be defined and enabl ed.

Proj ects and Reci pes nmay include project |evel paraneters, included Tasks

and associ #eadsppatiagddides Rl swm@%@aﬁmmgm&d RhERishey Lophiate
tenplates used. CENIcontrollﬁg pect i nclude a bootstrap 15user
confi gur at F%‘ﬁmu@iﬁa 1?‘6 eV Ste’é‘ Cgmtro o) ’B?Béu“lﬂzétf@"em%ﬁﬁli%e cogpupandgo by

execution iRigpoieadNbf BleldedicOyyfEMaOAL Vi hahndsaREl @d?&rs})'&{cﬂ@)hl%%'@ep-nd

class scripts. An internal setup may include routing tables
message nm ‘ﬂfcﬁ’j‘. Devi ce setup and availability may include configurations,

e g , so-call ed ItBﬂlldi'xrt}hdr%E%ndé\lﬁleogb%éséﬁﬁﬁlle@‘id R artdhst RcHBWTS akpstts
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data rate. Separ %9%8 rea one Devi ce, he synchroni zed
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chartedfr eﬁ&fdrﬂﬁmcg Bfhad@drRents, such as faster response times, to reduce, e.g., blurring.

Clearly enhanced process control in making the laser annealed thin film transistor poly-
crystalline silicon panels can help to achieve these improved panels. Such TFT panels
and organic light emitting diodes (“OLEDs”) also advantageously. formed using thin
beam laser annealing of the sort controlied according to aspects of the disclosed subject
20 matter, can be made more cheaply and with such enhanced performance characteristics
along with others, e.g., enhanced OLED lifetimes. In addition, enhanced poly-silicon
display panels, made with 'increased yields and thus at lower cost, offer many
advantages over currently utilized amorphous silicon based display panels, such as
those mentioned above and also, e.g., better small and medium sized display panels,
25 greater stability under high current loads needed for OLEDs. Furthermore better
process control according to aspects of the disclosed subject matter add to these
~ benefits. o
High power, e.g., greater than 1000 W excimer laser annealing, with the laser

output optically formed into a very long, e.g., over 500 mm and very thin, e.g., under 10
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may be streaned, e.g., at a relatively high data rate, e.g., at or above
6lcHz and with attributes such as around 24 fields in the |laser attributes
stream and around 70 fields in 5the netrol ogy stream System | oggi ng
may allow for, e.g., MSC conponents to log to a central |ogger Daenon which
may al so receive information from many of the system Devices, the |ogger
Daenon may buffer, store, e.g., by witing to a PostregSQ. dat abase and
send nessages in parallel t the GU, e.g., via the DWP. The Qi can allow
for filtering | ove 10l ogs, e.g., by device, tine/date, severity etc. and
report generation, e.g., by device, tine/date, severity, etc. One

dat abase schema, e.g., the CEM nay be used for bootstrappi ng and anot her
dat abase schema nay be used to overlay user setting, e.g., application
defaults may be added to the OEM schema setting may be nmade in absence of
MSC schema settings. 15Partitioning, e.g., by ti rrestarrp of device may be
used for status and stream ng data, Wmch can allow, e.g., sinplified and
qui ck enf o,geem et en Bek bet ween

t he CEM scﬁerra gin\ggil\t/hsge@(ts:c & ég \%Sg,@'i‘ iﬁé%ﬁ%ﬁsé%éﬁﬁgg‘?%’é& e.g.,

i nsur e t habelikyed tobe areexqedinntamdarabmfomerfmmg thaatriotphess the amo@ethugrmer fere

W th each seh ve conmmuni cat e
with 20eacﬁagr%lé9 u*bstt?é’t[as séaﬁ%é@%%ﬁ(g O%Hdtoqémn& %E&owedtqﬁm f&ln?abase l'i nk,
dbl i nk, su@dlwaa@gﬁMmmimmadmr@nﬁs d"ﬁh@]asamimrgatidblymtbleemDASeg needed
also in th aI S ke ben ICI use of. functl ons,
e.g. (rzgustﬁwwg %bﬁ%lggg%%ﬁn??m%sn%l W fe ern “)r?f)St‘?elqizes IQIRA&@O ., XML
rressages naﬁ}olbcbraguori formihg mse@ti/ﬁhchmdga Q’:ontg)&rﬁuﬂls eavcberdchid@edray ntwm@tﬁd for
Proj ect/ Reséa%?a(ll@glqsﬁgfer RAGULIBL hBNOUBRE oI IRL. Ly REYLAE r iRt
conversi ons na Ize an en e-value vﬁﬁ can be used
to provi dednﬁppnmg' r¢lntve genane, thosnmgl,ctsaatmgg;rysmlseﬁrdhyw'ehammm adr | pt to

Devi ce spe nds, s,also.allo easy,, subst i Q

devi ce whi glﬁilkr%a&ﬁqg% %nrcllesz[]éb' Of" € bk RS % %'h%’f’%léf gaaév?é%‘)ly" rehclpor i ng

t he sahe ocryatalﬂami]drlethmngh mmeallmgwhhvntlngprdcsss@mnTthqU@eaﬁeénabiescsummnds
s, different mater

handl i ng-r SEBRLCHSHEIETET B i PR d A R ot N BB e80T
commands. otheatirfhesasi the pamc! mkﬁemdamdc@mmm@mbﬂﬁmmﬂema@fordmgm can be
exapl o e iren o MG RAR bR PR3 E B e o B R 2 SRR A2 Mded
or dif f er emsingischas eds@indrdabing pammhmdghpult,nnaddﬂtonmm makiniglbettaemnstElByi ces,
Devi cols and t he ‘SACARRESS gk RO Tta vl nlin i dhe "
system may be housed in a master controller cabinet, which may contain, the master
system controller (“MSC") server, the master distribution rﬁoduie (‘-‘I\/ﬂ)l‘f’) the data
acquisition service (“DAS™) server and field service engineer (“FSE”) server. These
may be implemented using a dual Opteron server with, e.g., 8GB of RAM and running
20  CentOS for control MSC), and the same for data acquisition (DAS), along with a dual
P4 server running Windows 2003 OS for diagnostics, a storage array, e.g., with 3 TB of
storage space, a Cisco switch and PIX firewall and a 16 port Lantronix TCP/IP
converter for LAN connections. .
. The MSC and DAS may communicate with a variety of hardware elements of
25  the processing equipment (Devices), e.g., a 1220 W, 6 kHz XeF DUV laser, a beam
delivery unit with, e.g., active beam steering and stabilization modules, and active
illuminator auto focus control, a stage precision motor controller, a projection optics
module (“POM?”), including, e.g., motor control, metrology sensors, e.g., for

temperature, beam energy and beam profile, other equipment, e.g., electrical and fluid
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Devi ce wi th another having the sane function, but, e.g., different default
behaviors, sinplifying the addition or replacenent of Devices. 10Device
vari abl es nay be contained in a table, e.g., in PostgreSQ, e.g., as part
of a list of tables, as follows: create table oem device variable

device_id variabl ename variabl e | abel variable_uom vari abl e_data_type

vari abl e type vari abl e defaultvariable required variable validator variable

order variable list variable internal variable public Int not null, text
not null text, text, text not null, text not null, text, char(1) not null,
text, Int, text, int, int not null ) ; and may conprise a table such as

the foll ow ng:

utilities and a material handler and a factory automation host, which are of the selection
of the end user customer and unknown, in advance, to the annealing system/controller
manufacturer and which the, e.g., MSC and DAS and Devices must interface with
and/or be run by, |
5 The controller according to aspect of an embodiment of the disclosed subject

matter provides a number of desi gn advantages. The system is one of high availability
—24-7 ~ 7. The controller is distributed, e.g. with hard real-time requirements handled
by the controlled devices, overall coordination, control, operator feedback and data
collection handled by the MSC ard multiple paths of information flow, e.g., local

10 operator control and factory host control available. The system is also highly adaptable,
being, €.8. capable of control and monitoring of an arbitrary set of intelligent devices
and allowing for the modification of the device set and/or substitution of different
devices for the same ﬁmctionélity within the device set without the need of essentially
any rewrite/recompilation of the controlier code for any or all modules and certainly

15 without the need for an entire rewrite or recompilaﬁon. , .

The device commands are not hard wired into the controller code. They can be
stored and loaded dynamically and cached for performance reasons, The GUI design -
does not limit the number of parameters, e.g., for ény task or system level device or
other configuration(s). For example, additional parameters tasks may be added 10 a task

20 without coding modifications to, e.g., the user interface screens. Along with TCP/IP
communications to the devices, where needed Lantronix can be used to convert, e.g.,
serial communications protocols, System commands may be executed asynchronously,
€.g., so as not to block the system, e.g., when waiting for a response from a device or
devices, e.g., when timing critical commands. — .

.25 Much of the sofiware may be implemented in easy to use software, such as C++.
the GUI can be implement in the well understood and easy to use JAVA. Control and
data collection, e.g., Tasks, can be stored in, e.g., a parameterized script form, such as
PostgreSQL or the like procedural language functionalities. Tasks may access devices

via a command library cell or the like. Work may be done on the processing system
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being controller according to aspects of an'embodiment of the disclosed subject matter,
e.g., by running Projects or Recipes. Projects may be created by the system operator,
e.g., using Tasks, with a Recipe forming a specialized version 6f a Task. ‘At runtime,
the command interpreter may be used to parse Tasks, e.g., thereby executing Device

5 commands. Control logic, therefore, can be moved from compiled code to dynamic

" data, e.g., stored in memory. During, e.g., Task execution, the Task may come from the
OEM schema and the parameters may come from the MSC schema and the command
interpreter may use these to provide a device command(s) to a Device.
The, e.g., PostgreSQL, with its pararheterized script formats may be configured

10 to be user controlled, e.g., with global level variables that can allow user control of
system behaviors, e.g., connection timeouts, calibration factors, and device
enable/disable. Users may be defined and enabled. Projects and Recibes may include
project level parameters, included Tasks and associated parameters and permissions.
there may also be chart templates used. OEM controlied aspect may include a bootstrap

15 user configuration, GUI look and feei; e.g., cb]ors, tabs, labels, etc. Job execution may
be controlled by OEM confidential (and encrypted) task and class scripts. An internal
setup may include routing tables for DMP and message mapping. Device setup and '
availability may include configurations, e.g., so-called “Bold” lists, NFL-2-DF
translation, and a device list, e.g., a table of devices with, e.g., driver shared 6bjects that

20 may be loaded dynamically. | '

Status loop data may be in a continuously polling loop which may be throttled to
a specific, €.g., re}ativély slow data rate. Separate threads, e.g., one per Device, may be
synchronized, e.g., by a time “sync thread.” Many attributes, e.g., hundreds of
attributes, which may be required for flexibility 6f operation may be stored in, e.g.,

25  PostgreSQL, e.g., using an Attfibut_e-Value form, e.g., using Normalized values. The
status loop may be buffered and bulk copied and partitioned by time/Device. Built in
charting and reporting features may be used to monitor the operation of the controlled
laser annealing or other type of system being controlled. For example in the laser

annealing type of system, laser energy and related properties at various points in the
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system, beam profiles and other properties, stage and metrology positions and

temperatures throughout the laser annealing system may be charted/reported. The data

may be streamed, e.g., at a relatively high data ra%e, e.g., at or above 6kHz and with

attributes such as around 24 fields in the laser attributes stream and around 70 fields in
5  the metrology stream.

System logging may allow for, e.g., MSC components to log to a central logger
Daemon which may also receive information from many of the system Devices. the
logger Daemon may buffer, store, e.g., by writin'g to a PostregSQL database and send _
messages in parallel t the GUI, e.g., via the DMP. The Gui can allow for filtering love

10 logs, e.g., by device, time/date, severity etc. and report generation, .2, by,device,l
time/date, severity, etc. _

One database schema, e.g., the OEM may be used for bootstrapping and another
database schema may be used to overlay user setting, e.g., application defaults may be
added to the OEM schema setting may be made in absence of MSC schema settings.

15 Partitioning, e.g., by timestamp of device may be used for status and streaming data,
which can allow, e.g., simplified and quick enforcement of data retention. There may
be a database link between the OEM schema and MSC schema, which may be separéted
in order to, e.g., insure that' data collection and contro! functionalities do noSt interfere
with ‘each other, but the MSC schema and OEM schema may have to communicate with

20  each other in some circumstances, e.g., tﬁrough the database link, dblink, such as when
on som:a occasions data captured by the DAS is rieeded also in the MSC. The controller
may also make beneficial use of funétions, e.g, custom C exten_sioﬁ functions, e.g., for ‘
XML and HMAC, e.g., XML messages may be utilized in DMP and in the GUI and
HMAC may be used for Project/Recipe locking. ' '

25 Neutral Language format to Device format conversions may utilize an entit-
attribute-value format, which can be used to provide mapping from generic commands,
e.g., used by the Task script to Device specific commands. This also allows for easy
substitution of one device which may have one set of commands for another device,

performing the same or a similar function, but having its own unique set of commands
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or at least some such commands. For example, various different materials handling
robots from different manufacturers with non-standard sets of commands or at least
some non-standard commands between each of them can be made fungible to the
controller and material processing system. As another example, a newer model laser
may be substituted in, which may have added or different modules and thus commands.
In addition, as between Devices, some attributes may be common, but many may also
be uniqhe to a given Device,.and the database organization allows for replacement of a

Device with another having the same function, but, e.g., different default behaviors,

'S AIN= Duke UNary

simpiif'ying the addition or replacement of Devices.

Device variables may be contained in a table, e.g., in PostgreSQL, e.g., as part

of a list of tables, as follows:

create table oem device variable

(
device id
variable name
variable label
variable uocm
variable data type
variable type
variable default
variable required
variable validator
variable order
variable list
variable internal
variable public

)

int not null,
text not null,
text,

text,

text not null,
text not null,
text,

cbar (1) not null,
text,

int,

text,

int,

int not null

and may comprise a table such as the following:
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Variables may also be joined across devices, e.g., using a synchronizing thread.
Each device may have its own data collection thread but using a synchronizing thread
can allow for, e.g., cross-correlation of data.

Data may be selected by selecting a partticular table forming, e.g., a status log,
e.g., das_status_log, which may include a listing of a device id, a timestamp, a status
name, a status value and a status uom. A table containing a status log between selected
start time timestamp and stop timestamp may be created, utilizing a particular device id
and selected start and stop timestamps. Finally a table may be printed out or displayed
on the GUI that shows the recorded status values for selected variables, such as
stage_CX, stage_CY and stage_CZ with time stamp between the selected values, Data
may be displayed on the GU], e.g., in the form of charts, ¢.g., laser output energy versus
time, Utilizing data in a normalized format can provide for a relatively fixed set of
attributes and a high data rate, which may be partitioned by device and timestamp. Data
may be streamed at a rate of, e.g., one record per laser shot and, e.g., tagged with a
unique shot count number such that data across devices by synchronizing shot count
numbers,

It can be understood by those skilled in the art that the aspects of embodiments
of the disclosed subject matter disclosed above are intended to be preferred
embodiments only and not to limit the disclosure of the disclosed subject matter(s) in

any way and particularly not to a specific preferred embodiment alone. Many changes
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Vari abl es may al so be joined across devices, e.g., using a synchronizing
thread. Each device may have its own data collection thread but using a
synchroni zing thread can allow for, e.g., cross-correlation of data. 5Data
may be selected by selecting a particular table formng, e.g., a status

| og, e.qg., das_status _|log, which may include a listing of a device id, a
ti mestanp, a status nanme, a status value and a status uom A table
containing a status | og between selected start tinme tinestanp and stop
timestanp may be created, utilizing a particular device id and sel ected
start and stop tinestanps. Finally a table may be printed out or displayed
10on the GUI that shows the recorded status values for sel ected variables,
such as stage CX, stage CY and stage CZ with tine stanp between the

sel ected values. Data may be di splayed on the GUI, e.g., in the form of
charts, e.g., laser output energy versus time. Uilizing data in a

nor mal i Zedanfd(?ﬁcgmf' cdidH cQﬁ Q¥ iR i@ fhedidc®lsad byRbY ofledddinrintsadf thd diséibsgdes and
a high data rate, which may be partitioned by device d tjnest . Data

15may be sinveniieats) that gan bt endsrstoed apd apgresiatestlyr Tropreskil f%i‘s‘&rt%%%ﬁ . e.g.,

tagged wi teﬂ)p@nded claims are intended in scope and meaning to cover not only the disclosed
aspects of embodiments of the disclosed subject matter(s) bult‘ also such equivalents and
5  other modifications and changes that could be apparent to those skilled in the art. In
additions to changes and modifications to the disclosed and claimed aspects of
embodiments of the disclosed subject matter(s) noted above others could be
implemented.
While the particular aspects of embodiment(s) of the HIGH POWER LSER
10 FLAT PANEL WORKPIECE TREATMENT SYSTEM CONTROLLER described and
illustrated in this patent application in the detail required to satisfy 35 U.S.C. §112 is
fully capable of attaining any above-described purposes for, problems to be solved by or
any other reasons for or objects of the aspects of an embodiment(s) above described, it
is 10 be understood by those skilled in the art that it is the presently described aspeots of
15 the described embodiment(s) of the disclosed subject matter are merely exemplary, |
illustrative and representative of the subject matter which is broadly contemplated by
the disclosed subject matter. The scope of the presently described and cleimed aspects
of embodiments fully encompasses other embodiments which may now be or may
become obvious to those skilled in the art based on the teachings of the Specification.
20  The scope of the present HIGH POWER LSER FLAT PANEL WORKPIECE
TREATMENT SYSTEM CON’I'ROLLER is solely and completely limited by only the
appended claims and nothm g beyond the recitations of the appended claims. Reference
to an element ir.1 such claims in the singular is not intended to mean nor can it mean in
" interpreting such claim element "one and only one" unless explicitly so stated, but
25 rather "one or more", All structural and functional equivalents to any of the elements of
' the above-described aspects of an embodiment(s) that are known or later come to be
known to those of ordinéry skill in the art are expressly incorporated her.ein by reference
and are irﬁended to be encompassed by the present claims. Any term used in the

specification and/or in the claims and expressly given a meaning in the Specification
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uni que shot count nunber such that data across devices by synchroni zing
shot count nunbers. It can be understood by those skilled in the art
that the aspects of enbodi nents of the disclosed subject matter disclosed
above are intended to be preferred 20enbodi nents only and not to limt the
di scl osure of the disclosed subject matter(s) in any way and particularly
not to a specific preferred enbodi nent al one. Many changes and

nodi fication can be nade to the disclosed aspects of enbodi nents of the

di scl osed invention(s) that can be understood and appreciated by those
skilled in the art. The appended clains are intended in scope and neani ng
to cover not only the disclosed aspects of enbodi nents of the disclosed
subj ect matter(s) but al so such equival ents and ot her nodifications and
changes that could be apparent to those skilled in the art. In additions to
changes and nodi fications to the disclosed and cl ai mred aspects of

enbodi nents of the disclosed subject matter(s) noted above others could be
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working embodiment of each invention recited in any respective claim appended to the
15 Specification in the present application and perhaps in some cases only one. For
purposes of cutting down on patent application length and drafting time and making the
" present patent application more readable to the inventor(s) and others, applicants have
used from time to time or throughéut the present application definitive verbs (e.g., “is”,
“are”, “does”, “has”, “includes” or the like) and/or other definitive verbs (e.g., -
20  “produces,” “‘causes” “samples,” “reads,” “signals” or the like) or any gerund (e.g.,
“using,” “taking,” “keeping,” “making” or the like), defining a feature/element of, an
action of or functionality of, and/or describing any other aspeclzt of an embodiment of
the subject matter being disclosed. Wherever any such definitive word or phrase or the
like is used to describe an aspect of any of the one or more embodimen'ts disclosed
25  herein, i.e., any feature, element, system, sub-system, component, sub-component,
process or al gorit‘hm step, particular material, or the like, it can be reéd, for purposes of
interpreting the scope of the subject matter of what applicant(s) has invented, and
claimed, to be preceded by one or more or all of the following limiting phrases, “by way

of example,” “for example,” “as an example,” “illustratively only,”, “by way of
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t he above-descri bed aspects of an enbodi nent(s) that are known or |ater
cone to be known to those of ordinary skill in the art are expressly

i ncorporated herein by reference and are intended to be enconpassed by the
present clainms. Any termused in the specification and/or in the clains and
expressly given a nmeaning in the Specification and/or clainms in the
present application can have that neaning, regardl ess of any dictionary or
ot her comonly used nmeaning for such a term It is not intended or
necessary for a device or nethod discussed in the Specification as any
aspect of an enbodi nent to address each and every probl em sought to be

sol ved by the aspects of 5enbodi nents disclosed in this application, for it
to be enconpassed by the present clains. No el ement, conponent, or nethod
step in the present disclosure is intended to be dedicated to the Public
regardl ess of whether the elenent, conponent, or nethod step is explicitly
recited in the clains. No claimelenent in the appended clains is to be
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15 disclosed embodiment of the subject matter of what is claimed in the present patent
application can be interpreted to be such one and only way to implement the subject
matter of what is claimed or any aspect, feature or element thereof, and to thus limit any
claim which is broad enough to cover any such disclosed implementation along with
other possible embodiments of the subject matter of what is claimed, to, respectively,

20 such disclosed aspect, feature or element of such disclosed embodiment. Applicant(s)
specifically, expressly and unequivocally intends that any claim that has depending
from it a dependent claim with any further detail of any feature, element, step, aspect or
the like of the sﬁbject matter of what is recited in the parent claim or claims from which
it directly or indirectly depends, can be interpreted to mean that the recitation in the

25  parent claim(s) was broad enough to cover the further detail along with other
implementations and that the further detail was not the only way to implement the
aspect, feature or element claimed in any such parent claim(s), and thus also intends that

the aspect, feature or element in any such dependent claim not be read into the
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process or algorithmstep, particular material, or the like, it can be
read, for purposes of interpreting the scope of the subject matter of what
applicant(s) has invented, and clainmed, to be preceded by one or nore or

all of the followng limting phrases, "by way of exanple," "for exanple,”
"as an exanple,” "illustratively only," "by way of illustration only,"
etc., and/or to include any one or nore or all of the phrases "may be,"
"can be", "m ght be," "could be" and the like. Al such features, elenents,

steps, materials and the |ike can be considered to be described only as a
possi bl e aspect of the one or nore disclosed enbodi nents and not as the
sol e possi ble inplenentation of any one or nore enbodi nents or any aspect
(pan or step) of any enbodi nent, and/or the sol e possi:ble enbodi nent of
the invention as clained, even if, in fulfillment of the requirenents of
the patent statutes, applicant(s) has disclosed only a single enabling.
exanpl e of any such aspect of an enbodi ment of or any enbodi nent of the
subj ect matdspreRk pahat cFaﬁn &J RiniRAe bHQb&%ﬁp&% PEASR] o AR REEAS LRl pa¥ertO
stated in the present 10application or rosecution of thi's application,
t hat appl i elahn @%)ﬂcmem%e@etﬁumlnerdetpslrr@wd|1athea:§@per¢ctenbﬁlamy di scl osed

enbodi nent or any particul ar disclosed enbodi nent of the subject matter of
what is claimed anobunts to the one an only way to inplenent the subject
matter of what is clainmed or any feature or elenment recited in any such
claim applicant(s) does not intend that any description of any disclosed
aspect of any 15di scl osed enbodi nent of the subject nmatter of what is
claimed in the present patent application can be interpreted to be such one
and only way to inplenent the subject nmatter of what is clained or any
aspect, feature or elenent thereof, and to thus limt any claimwhich is
broad enough to cover any such disclosed inplenentation along with other
possi bl e enbodi nents of the subject matter of what is clained, to,
respectively, 20such disclosed aspect, feature or elenment of such disclosed
enbodi ment. Applicant(s) specifically, expressly and unequivocally intends
that any claimthat has depending fromit a dependent claimwth any
further detail of any feature, elenent, step, aspect or the like of the
subject matter of what is recited in the parent claimor clains fromwhich
it directly or indirectly depends, can be interpreted to nmean that the
recitation in the 25parent clain(s) was broad enough to cover the further
detail along with other inplenentations and that the further detail was not
the only way to inplenent the aspect, feature or elenent clained in any
such parent clain(s), and thus also intends that the aspect, feature or

el ement in any such dependent claimnot be read into the respective parent
claimto limt the broader aspect, feature or el enent of any such parent
claimto include only the further detail recited in the dependent claim

96



CLAIMS W claim 1. A pul sed deep ultraviolet DUV worl cpi ece treatnent
apparatus delivering light to irradiate the workpiece, for crystallization
of a material on the workpiece, carried on a work stage, conprising a

pul sed | aser DUV |light source and an optical train producing a very narrow
wi dth very el ongated beam of |ight pulses with a set of paraneters required
to be maintained within a respective selected narrow range of values on a
pul se to pul se basis conprising: a |laser controller; a work stage
control | eCLAIMS a systemcontroller receiving process recipe contro
demands from a custoner recipe control conmand generator and providing
control signals to the |aser controller and the workstage controller

conpri si nWe cieimtat abase driven process controller conpri sing: a

dat abase cont ai ni ng generic process conmand steps sel ectable by a user

t hrough an external process user interface. 2. The apparatus of claim1
further conppilsidniger Prades HLEOWorkplececttrstnem sratiawn délivenmalighy totigadipiethe 3,
The appar @Bﬂﬁﬁie&t g étmiéatigxlr'fiiiar}%terfapﬁpﬂ-lh %v'oﬁé?i'ecc, carried G Wtk QLY E3n8rising
converting process command steps selected through the external process user
i nt er f acea tpylsed fapas JUBY jlight garrsrdnd agcontisel in rodigingsa vey napiw WidHareYus of

claim2 fupiAeh RAARE lightNSise@ith i &F BF §hi8he®@ VR ROLPERMESRICGAMNIBRD St eps
sel ected through the externaliprocess user interface to a respective

generic sEFRepEvespledtdnappy rangeofl vijyes Oélﬁﬁ%‘}séfwlsﬁﬁ’aséﬁ QMRS urt her conpri si ng:
a work flow engiagtecdnflemdri fying to the user process command steps that are
sel ectable by the user fr pythe dat abase based on tasks stored in the

dat abase. 6. Tﬁgmgﬁﬁéﬁﬁ?ﬁéebf claim2 further conprising:

a system controller receiving process recipe control demands from a customer recipe
control command generator and providing control signals to the laser controller and the
workstage controller, comprising;

a database driven process controller comprising:

a database containing generic process command steps selectable by a user

through an external process user interface.

2. The apparatus of ¢laim 1 further comprising:

process control customization from user to user.

3. The apparatus of claim 1 further comprising;
an interpreter converting process command steps selected through the external process

user interface to a respective generic script or scripts.

4. The apparatus of claim 2 further comprising:
an interpreter converting process command steps selected through the external process
user interface to a respective generic script or scripts.

5. The apparatus of claim 1 further comprising:
a work flow engine identifying to the user process command steps that are selectable by

the user from the database based on tasks stored in the database.

6. The apparatus of claim 2 further comprising:
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a work flow engine identifying to the user process command steps that are
sel ectabl e by the user fromthe database based on tasks stored in the

dat abase. 7. The apparatus of claim3 further conprising: a work
fl ow engine identifying to the user process command steps that are

sel ectable by the user fromthe database based on tasks stored in the

dat abase. 8. The apparatus of claim4 further conprising: a work
fl ow engine identifying to the user process command steps that are

sel ect abl e by & verkifberengine ficttifging at thb ase ploesechnomntl asksthg teor wifcielie bhe

dat abase. 49yl ﬂgm%%{agatsygas?c{ onGthd@l Mbrkd Inl%ié% J&ga?as%@”pr I si ng: a process

server executing a command to a confro a device froma group
conprising the laser controller and the work stage controller; a QU

client inputtlbid FRoFAEmAS ok LdQRRinEr om the user and sending user commands
to the process server. 10. The apparatus of claim2 further conprising:

a process ser veNIEOHAEREANHEAmENES BT Brogssheawmangd stepy that aresgleeiabls Pom a

group CONMBE sk BB iQIala B8 basEON thRb Libred ANAL daiBaswOr K st age control | er;
a GQJ client inputting recipe definitions fromthe user and sendi ng user

commands to the process server. 11. The apparatus of claim3 further
conpri Si NG The apparatus df PLINCIETGShed BdnyRisingXecut i ng a command to a control |l er of

a device froma gro conprising the |aser controller t he rk.stage
controfrer o & wo R HETE it e pith Forsor R PSR PR noer
and sendi thgusts AomcieriaBRESbdsal dnhaskpsioeeBishsdarabae. 12. The apparatus of claim
4 further conprising: a process server executing a command to a
controller of a device froma group conprising the |aser controller and the
wor k st ag®e The appahus ef glaim 1 further comprising:

a process server executing a command to a confroller of a device from a group
comprising the laser controller and the work stage controller;
a GUI client inputting recipe definitions from the user and sending user commands to the

Process server.

10. The apparatus of claim 2 further comprising:

a process server executing a command to a controller of a device from a group
comprising the laser controller and the work stage controller;

a GUI client inputting recipe definitions from the user and sending user commands to the

Process server,

11. The apparatus of claim 3 further comprising:

a process server executing a command to a controller of a device from a group
comprising the laser controller and the work stage controller;

a GUI client inputting recipe definitions from the user and sending user commands to the

Process server.

12. The apparatus of claim 4 further comprising:

a process server executing a command to a controller of a device from a group
comprising the laser controller and the work stage controller;

a GUI client inputting recipe definitions from the user and sending user commands to the

Process server,

98



a GQJ client inputting recipe definitions fromthe user and sendi ng user
commands to the process server. 13. The apparatus of claim5 further

conpri si ng: a process server executing a command to a controller of
a device froma group conprising the laser controller and the work stage
controller; a QU client inputting recipe definitions fromthe user
and sendi ng user conmands to the process server. 14. The apparatus of claim
6 further conprising: a process server executing a command to a
controller of a device froma group conprising the | aser controller and the
wor kst agez afekgp@tatu€bs claim 5 furthefeddfhistll €Nt i nputting recipe definitions
fromthe user and sendi ng user commands to the process server. 15. The
apparat us of cf &r9FFsP FeUeE KEFUEBNHrEBMaRd to a controlier pf s devices Bp et B9¥RC Ut i ng
a ComTFPdcérﬁprﬁingﬂﬁtld’séﬂotﬂtl’"oll@ﬂcanatk@%ﬂrl@lﬁellgcerc&ﬁhﬂelgr oup gﬁlﬁpr: sing the laser
controller an wor k stage .coptroller; a client ipputting
reci pe defini t?ﬁﬂidfeflblﬁ?‘t% Bt i U e SEUridSOrBRNe B ocess

server. lfprocchhenapparatus of claim8 further conprising: a process
server executing a conmmand to a controller of a device froma group
conprising the laser controller and the work stage controller; a QU

client inputfhe mpanawe bfdeideifimict copmpsisihig.om t he user and sending user commands
to the process, }?Jc}és%rs_ew%? exebify aPR:%ﬁlﬁltaﬁ'dS % ([%'nf”}&[& %tffa”ﬁé\l?c%r 5GP LIgh N9: the
SI ng: & di spl'ay di splaying the

QU client conpri status of “at” | east
one devi ceonfpriging thedpseupntodlepmid giervgrlit Hiegelcargoiierand wor k st age and/ or t he

status of the gryslial iinﬁﬂt]irigqgci;%r REBTGns Wt tﬂgus\ép&iﬁm:rﬁlﬁ%user commands to the

Process server,

15. The apparatus of claim 7 further comprising:

a process server executing a command to a controller of a device from a group
comprising the laser controller and the work stage controller;

a GUI client inputting recipe definitions from the user and sending user commands to the

Process server.

16. The apparatus of claim 8 further comprising;

a process server executing a command to a controller of a device from a group
comprising the laser controter and the work stage controller;

a GUI client inputting recipe definitions from the user and sending user commands to the

process server.

17. The apparatus of claim 9 further comprising:
the GUI client comprising:
a display displaying the status of at least one device from a group comprising the

laser and work stage and/or the status of the crystallization process on the workpiece.

18. The apparatus of claim 10 further comprising:
the GUI client comprising:
a display displaying the status of at least one device from a group comprising the

laser and work stage and/or the status of the crystallization process on the workpiece.
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18. The apparatus of claim 10 further conprising: the GJ client

conpri si ng: a display displaying the status of at |east one device
froma group conprising the | aser and work stage and/or the status of the
crystallization process on the workpiece. 19. The apparatus of claim1l
further conprising: the GU client conprising: a display displaying
the status of at |east one device froma group conprising the | aser and
wor k stage and/or the status of the crystallization process on the

wor | cpi ece. 20. The apparatus of claim 12 further conprising: the GU

client coapﬁh§h$gamsoﬁmﬂmqlgh&ghgxlﬁg&glaylng the status of at |east one
device froma group conprising the |l aser and work stage and/or the status

of the crystal i FlisHt oPPEE8RE on t he wor kpi ece. 21. The apparatus of claim

13 further conpri S' d"ﬂsplfyfl% erlng HelsBts oﬁﬁm'ét'o%b BSice from a grBuflosPli@Ys the
di spl ayi ng the status o F east one device froma group conprising the

| aser and wor ket aevaskgiresand/aghe ttafpg f thsrersilizgtiop £1og6 Py |W(9HCPBF%C ess on
the workpiece. 22. The apparatus of cIa|n114 further conprising: the GUJ

client co Si Iaylng the status of at |east one
devi ce fr%ﬁgh %ﬁﬁS@BWBP?%gﬁélFﬁ p?ﬂ r and work stage and/or the status
of the crystal iht zal tlent epessg on the workpi ece. 23. The apparatus of claim
15 further conpri si antgéplay displaying the status of at least one device from a group comprising the

laser and work stage and/or the status of the crystallization process on the workpiece.

21. The apparatus of claim 13 further comprising:
the GUI client comprising;
a display displaying the status of at least one device from a group comprising the

laser and work stage and/or the status of the crystallization process on the workpiece.

22. The apparatus of claim 14 further comprising:
the GUI client comprising:
a display displaying the status of at least one device from a group comprising the

laser and work stage and/or the status of the crystallization process on the workpiece.

23. The apparatus of claim 15 further comprising:
the GUI client comprising:
a display displaying the status of at least one device from a group comiprising the

laser and work stage and/or the status of the crystallization process on the workpiece.

24. The apparatus of claim 16 further comprising:
the GUI client comprising:
a display displaying the status of at least one device from a group comprising the

laser and work stage and/or the status of the crystallization process on the workpiece.
25, The apparatus of claim 17 further comprising:

the GUI client communicates with a manufacturing execution system interface via an

interface.
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the GUI client conprising: a display displaying the status of at

| east one device froma group conprising the | aser and work stage and/ or
the status of the crystallization process on the workpiece. 24. The
apparatus of claim 16 further conprising: the GU client conprising:

a display displaying the status of at |east one device froma group
conprising the |laser and work stage and/or the status of the
crystallization process on the workpiece. 25. The apparatus of claim 17
further conpri sing: the GUI client conmunicates with a manufacturing
execution,s I j LAkerface. 26. The apparatus of claim 18
further c%%%?%%%é@gfua%?g ﬁf@e%?jnb%grﬁgnt comuni cates with a manufacturing
execution systtaemGUAtcHef gommpiieaterviing aepyfequring Execifien aystsay mtetfacedfia et ai m 19

further cgpptd.Si ng: the QU client comunicates with a manufacturing
execution systeminterface via an interface. 28. The apparatus of claim 20
further conprising: the GU client conmunicates with a nmanufacturing
execut i o BYsd HPArkid! &clads €0 WirBerdBmbmigs f ace. 29. The apparatus of claim21
further conprisi n%: i the QU . client. communicates wth manuf act uri ng
execution systBiHhcliy sEBMyRgates Vit Gepyfpgunng gXecPin 555y lﬁfeﬁg"eo‘f‘a & ai m 22

further c@mErdesi NQg:

28. The apparatus of claim 20 further comprising:
the GUI client communicates with a manufacturing execution system interface via an

interface.

29. The apparatus of claim 21 further comprising:
the GUI client communicates with a manufacturing execution system interface via an

interface.

30. The apparatus of claim 22 further comprising:
the GUI client communicates with a manufacturing execution system interface via an

interface.

31. The apparatus of claim 23 further comprising:
the GUI client communicates with a manufacturing execution system interface via an

interface.

32. The apparatus of claim 24 further comprising:
the GUI client communicates with a manufacturing execution system interface via an

interface.

33. The apparatus or claim 25 further comprising:
an Original Equipment Manufacturer (OEM) read only database containing read-only
task definitions supplied by the OEM;

a master system controller read-write database containing user provided recipe definitions.
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the GUI client conmmunicates with a manufacturing execution systeminterface
via an interface. 31. The apparatus of claim 23 further conprising:

the GQUI client conmunicates with a manufacturing execution systeminterface
via an interface. 32. The apparatus of claim24 further conpri sing:

the GUI client conmmunicates with a manufacturing execution systeminterface
via an interface. 33. The apparatus or claim25 further conprising:

an Original Equi prent Manufacturer (OEM read only database containing
read-only task definitions supplied by the CEM a nmaster systemcontroller

read-mmit§4q%£%§g%% %PQ%%QE%E&&%%%IﬂB&OVidEd reci pe definitions. 34. The
apparatus of 'C i) ?urt er conprising: an Origi nal Equi pnment
Manuf act urer (@EN)igind duupnieyt Matddstise (OBND akadi ondy dealdsoprinjpinizesieadiertly ni ti ons

suppl i ed QM(&ﬁgmggNE? b@§§%ng§ysten1controlIer read-wite database
pro

contai ni ng user ed Tecipe’definitions. 35. The apparatus of claim 27
further conprisingser system contrelier Gad-grifpalatabage popraimne WeamEeEded igce defoRis r ead
only dat abase containing read-only task definitions supplied by the CEM a
master systemcontroller read-wite database containing user provided
reci pe defi At irparatus afplaimid fubeHoBPEHT clai m 28 further conpri sing:

an Original Eoam onendl BaipeaCih@lontSEMEM) aad Qi YastatabasmigorRiably ng
read- only LRk ol bl s URRL | ed B the OEM

a master system controller read-write database containing user provided recipe definitions.

36. The apparatus of claim 28 further comprising:
an Original Equipment Manufacturer (OEM) read only database containing read-only
task definitions supplied by the OEM;

a master system controlier read-write database containing user provided recipe definitions,

37. The apparatus of claim 29 further comprising:
an Original Equipment Manufacturer (OEM) read only database containing read-only
task definitions supplied by the OEM,

a master system controller read-write database containing user provided recipe definitions.

38. The apparatus of clatm 30 further comprising:
an Original Equipment Manufacturer (OEM) read only database containing read-only
task definitions supplied by the OEM;

a master system controller read-write database containing user provided recipe definitions.

39. The apparatus of claim 31 further comprising:
an Original Equipment Manufacturer (OEM) read only database containing read-only
task definitions supplied by the OEM;

a master system confroller read-write database containing user provided recipe definitions.
40. The apparatus of claim 32 further comprising:

an Original Equipment Manufacturer (OEM) read only database containing read-only
task definitions supplied by the OEM,;
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a master systemcontroller read-wite database containing user provided
reci pe definitions. 37. The apparatus of claim?29 further conprising:

an Original Equi prent Manufacturer (OEM read only database containing
read-only task definitions supplied by the CEM a master systemcontroller
read-write database containing user provided recipe definitions. 38. The
apparatus of claim30 further conprising: an Original Equi pnent

Manuf acturer (CEM read only database containing read-only task definitions
suppl i ed by t hemaEnsystennepstreller wpdveitn doghase efnfadning weidhrovided eccipgdefiydias.

cont ai ni ng user provided recipe definitions. 39. The apparatus of claim 31
further ris an Original Equipment Manufacturer (CEM read
only dat aﬂ)ggée%ﬁrla%ﬂ?ﬂf%mﬁézﬁlﬂthérrﬂoylp’f‘%’ég( definitions supplied by the CEM a

master system GomENdh@basé eaflaniNg fdnbridRbABERRIBO T Ab ThrtDotHEdroErOMIsted
reci pe defi r%h B‘?T’érﬁm The apparatus of claim32 further conprising:

an Origi n&i® ?essl\féﬁ’ﬁ’f%‘fl Praresy 88289 r ead only dat abase cont ai ni ng
read-only taska d@ﬁmmdtmwm&téiwpmbmﬁ@ aDsett fPutPalimeted stIRALiR theSMSCaIMabRat r ol | er
read-wite, at abase con%waT ni_n tlga]gow ded recipe definitions. 41. The
appar at us V51 ® EPSTIGTOTEY P‘ﬁé@eq%%\ﬁ@?? t he CEM dat abase contai ns
generic task definitions in the formof nacros or scripts useable by the

Process SEL YR A0S RESERRE AL a command int er pret er

conbi ni ng a us Arancter CSfordd in the MSC dat abase with a generic
command from tthe Q%Md@taba@bag@ms generic task definitions in the form of macros or scripts

useable by the process server during process control;
a command interpreter combining a user input parameter stored in the MSC database

with a generic command from the OEM database.

43. The apparatus of claim 35 further comprising:

the OEM database contains generic task definitions in the form of macros or scripts
useable by the process server during process control;

a command interpreter combining a user input parameter stored in the MSC database

with a generic command from the OEM database.

44, The apparatus of claim 36 further comprising:

the OEM database contains generic task definitions in the form of macros or scripts
useable by the process server during process control;

a command interpreter combining a user input parameter stored in the MSC database

with a generic command from the OEM database.

45, The apparatus of claim 37 further comprising:

the OEM database contains generic task definitions in the form of macros or scripts
useable by the process server during process control;

a command interpreter combining a user input parameter stored in the MSC database

with a generic command from the OEM database.

46, The apparatus of ¢claim 38 further comprising:
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42. The apparatus of claim 34 further conprising: t he OEM dat abase
contains generic task definitions in the formof nacros or scripts useable
by the process server during process control; a command interpreter
conbining a user input paraneter stored in the MSC database with a generic
command fromthe OEM dat abase. 43. The apparatus of claim35 further

conpri si ng: t he CEM dat abase contains generic task definitions in the
formof macros or scripts useable by the process server during process
control; tha QEdindatalbhsé nendaripr @nearc eandfinitiogs & the dermi efpwtcrgsagrasveter
stored in ]%; n i;c command fromthe CEM dat abase.

44, The a‘ﬁ%‘gb?%t us %?éec %ﬁ%%ﬁlgﬂr%ﬁggg{ééghpri si ng: ~ the CEM dat abase
cont ai ns generé eomayK idemradr cophigingy uspreinpyrmatagetepralercd n gie MEF idpeaasgseabl e
by the proges sensd d68matld irbh el 5E @RSbacONt r O ; a conmmand interpreter

conbi ning a user input paraneter stored in the MSC database with a generic
command fromthe OEM dat abase. 45. The apparatus of claim37 further

conpri Si Nge, The apparatud ElEbia(iENb(ﬂﬁﬂlébﬁ&griﬁ@m ains generic task definitions in
the formof macra pt s  useabl

or, scri e t he process server durin rocess
control ; t eé?%%r‘?ﬁtﬁtﬁ’ﬂe PO pyeBt ey WPWI"E‘Q‘ ﬂe’ﬁg‘éﬁ“ ?fntﬁﬁﬁ“’sp‘grsﬁﬁgp er
stored i nuselitte yShe @ieaddasaientirig arag@nednisl; conmand from t he CEM dat abase.
46. The apparatus of .claim 38 further conprising; . t dat abase
Cont ai ns. goner Erpiig SHERRT EBHENE R HOTPS DR chagrgdn i USe A s eabt ¢
by the prwetlesgensibrovermadd from ghePEM dssbagont r ol a command interpreter
conbi ning a user input paraneter stored in the MSC database with a generic

command fromthe OEM dat abase. 47. The apparatus of claim 39 further
conpri si ngf The apparatus of claim 40 further comprising:

the OEM database contains generic task definitions in the form of macros or scripts
useable by the driver controller during process control;
a command interpreter combining a user input parameter stored in the MSC database

with a generic command from the OEM database.

49. The apparatus of claim 41 further comprising:
the input parameter was previously stored in the MSC database and the generic command

is contained in a script in the OEM database.

50. The apparatus of claim 42 further comprising:
the input parameter was previously stored in the MSC database and the generic command

is contained in a script in the OEM database.
51. The apparatus of ¢laim 43 further comprising:
the input parameter was previously stored in the MSC database and the generic command
is contained in a script in the OEM database.
52. The apparatus of claim 44 further comprising;
the input parameter was previously stored in the MSC database and the generic command

is contained in a script in the OEM database.

53. The apparatus of claim 45 further comprising;
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t he OEM dat abase contains generic task definitions in the formof macros or
scripts useable by the driver controller during process control; a
command interpreter combining a user input paraneter stored in the MSC

dat abase with a generic command fromthe OEM dat abase. 48. The apparatus of

claim40 further conprising: t he OEM dat abase contains generic task
definitions in the formof macros or scripts useable by the driver
controller during process control; a command interpreter conbining a

user input par@rBiperpastateedad mevidvelyMSCddatha bt edawbise aad Ge periiccosorménd from
the OEM datghas&rin4%rn Tﬂ%@éﬁ@%@tfﬁk@e of claim41 further conprising:

the input parameter S previously stored in the MSC dat abase and the
generic command is contained in a script in the CEM database. 50. The

appar at USSQfThgﬁp%hﬁhélgfJ]H&M@%ﬂh@%ﬁﬁahﬁhé"g the input parameter was
previously store in the MSC dat abase and the generic conmand i s contained

in a script inthfHEVEEMYEE Apgeiously storddn gig afpbasspnihe prieuecopyiitpher

conpri si N@.contained in b B@ipt AR O LAERELT Was previously stored in the MSC
dat abase and the generic command is contained in a script in the OEM

dat abase. 52. The apparatus of claim44 further conprising: t he i nput
par arTEtel’SMﬁeﬂfpeMiu@UﬁdleSW(ﬁfrﬁﬂrdoﬁlpilﬁ@ MSC dat abase and the generic command
is contained i

M dat.a éf aratus of claim45
Fur Cher -compr i B fgitpeteert Rag i s R B Baser il n B B8 Sutgp€a™
t he MSC datcabasel ianecriphia tigadiaM idatateesmand is contained in a script in the
CEM dat abase. 54. The apparatus of claim46 further conprising:
56. The apparatus of claim 48 further comprising:
the input parameter was previously stored in the MSC database and the generic command

is contained in a script in the OEM database.

57. The apparatus of claim 41 further comprising:

a plurality of process control subsystems in communication with the process server, each
subsystem comprising a message queue and message loop;

a message pump associated with each message queue and message loop serializing access

to the respective subsystem.

58. The apparatus of claim 42 further comprising:

a plurality of process control subsystems in communication with the process server, each
subsystem comprising a message queue and message loop;

a message pump associated with each message queue and message loop serializing access

to the respective subsystem.

59. The apparatus of claim 43 further comprising:

a plurality of process control subsystems in communication with the process server, each
subsystem comprising a message queue and message loop;

a message pump associated with each message queue and message loop serializing access

to the respective subsystem.

60. The apparatus of claim 44 further comprising;
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the input parameter was previously stored in the MSC database and the
generic conmmand is contained in a script in the CEM dat abase. 55. The
apparatus of claim47 further conprising: the i nput paraneter was
previously stored in the MSC dat abase and the generic comrand i s contai ned
in a script in the CEM dat abase. 56. The apparatus of claim48 further
conpri si ng: the i nput paraneter was previously stored in the MSC
dat abase and the generic conmand is contained in a script in the CEM

dat abase. 57. alpierabiypép@tdiscafrolchibaysemsinfcomnnmication mith itgipngess server, eacla

pl urali tysug%?,s Df.0gess. cont Sgal cg%ggxn%trgeg& é{gogonrruni cation with the process
server, eac subsygterﬁ corrprgl ing a mesgage ‘queue and nessage | oop;
a message punpe assaeipane assodiatdd vaicihchessmyg quaya endomeprde OB saiglzipgrspess
seri al i zi ng, A& ggﬁ%&%s}sg&respecti ve subsystem 58. The apparatus of claim
42 further conprising: a plurality of process control subsystens in
communi cation with the process server, each subsystem conprising a nessage

queue andgMBESAYS OO iaim 45 furtherkoBISRYE punp associated with each message
gueue and msssaqe | oop seriali zi ng access to the res,gecti ve subsystem 59.
4

The appar at us OFURlgORPESess Ao HFPY MpRgunication with the rogess sevsy: G2 pr ocess
contrpl . SHBS ¥ B InQBBpridhn CeANTTHRE %émm@sialﬁetohﬁ process server, each subsystem
conprising a nessage queue an ssage | oop; a nessage,.pu
2950Ci at od wi {HIESER PHER SR U e aae ES GUye “MUBB B ORI I HE ReRss 1o
t he respeglicuespsdds ysbwm, 60. The apparatus of claim44 further conprising:
a plurality of process control subsystens in communication with the process
server, each subsystem conprising a nessage queue and nessage | oop;

62. The apparatus of claim 46 further comprising:

a plurality of process control subsystems in communication with the driver controller,
each subsystem comprising a message queue and message loop;
a message pump associated with each message queue and message loop serializing access

to the respective subsystem.

63. The apparatus of claim 47 further comprising:

a plurality of process control subsystems in communication with the driver controller,
each subsystem comprising a message queue and message loop;

a message pump associated with each message queue and message loop serializing access

to the respective subsystem.

64. The apparatus of claim 48 further comprising:

a plurality of process control subsystems in communication with the driver controller,
each subsystem comprising a message queue and message loop;

a message pump associated with each message queue and message loop serializing access

to the respective subsystem.

65. The apparatus of claim 49 further comprising:

a device interface in communication with at least one device from a group comprising the
laser and the work stage, utilizing a language converter converting the communication from a
neutral language format utilized within the command interpreter to a device specific device

language format.
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a nessage punp associated with each nessage queue and nessage | oop
serializing access to the respective subsystem 61. The apparatus of claim
45 further conpri sing: a plurality of process control subsystens in
comuni cation with the process server, each subsystem conprising a nessage
gueue and nessage | oop; a nmessage punp associ ated with each nessage
queue and nessage | oop serializing access to the respective subsystem 62.
The apparatus of claim46 further conpri sing: a plurality of process
control subsystens in comunication with the driver controller, each

subsyst e DL 50 AIRSS A9RANRNE,AND TeSsage |oop; a message punp

associ ate each nessage queue” and nessage | oop serializing access to
the respecti vea éaylss jdartang ing@nmuiHentiapyith aitlenst e desticrifrpmyrerpupraomersieohipr i si ng:
a pluralifa¥r Qha ReQGeS §ta§e09&1§z€44 g SHRIUSE &FBerlel cGRETHE ke lomBRnith o ddiea dri ver

controller, each subsystem conmprising a nessage queue and nessage | oop;

a nessagen@ﬂfiﬁpla%%&?cfoéﬂfédﬂwqdhw’@% rﬁhemwgé IEOLFET dhd s’ a@félﬁCd&ﬁwc
serial i zi pgnAgL@sHit 0 the respective subsystem 64. The apparatus of claim
48 further conpri sing: a plurality of process control subsystens in
communi cation with the driver controller, each subsystem conprising a
message qagm&egﬁaamBSﬁm@ﬁshﬁ@mmwmnmnmmg message punp associ ated with each

| to th f.
CubeyStem 65, < s ARG ATSP G B G s M6 T PRER EOEI | SPIORPEE B8 oy ce

i nt er f acelasen atd MAURIrE athgeo Rtildirdehe Rhguagasinvare casuitiog tHeroommanigatod froeoapr i si ng

the | aserneugfg ngesl ng\l\cpfonnzﬁtu?'g dd wﬁhull IthzeI & n?‘anld an grtlﬁl)a g &N e{c%les;rrgleci ﬁn e%{cg:l ng the
comuni cation F a hHeutTar 1 anguage rmat U 224 W Chi e conmmand
i nt er pr et lenguage farrakévi ce specific deV|ce Ianguage format. 66. The apparatus

of claim50 further conprising:

68. The apparatus of claim 52 further comprising:

a device interface in communication with at least one device from a group comprising the
taser and the work stage, utilizing a language converier converting the communication from a
neutral language format utilized within the command interpreter to a device specific device

language format.

69. The apparatus of claim 53 further comprising:

a device interface in communication with at least one device from a group comprising the
laser and the work stage, utilizing a language converter converting the communication from a
neutral language format utilized within the command interpreter to a device specific device

language format.

70. The apparatus of claim 54 further comprising:

a device interface in communication with at least one device from a group comprising the
laser and the work stage, utilizing a language converter converting the communication from a
neutral language format utilized within the command interpreter to a device specific device

language format.
71. The apparatus of claim 55 further comprising:

a device interface in communication with at least one device from a group comprising the

laser and the work stage, utilizing a language converter converting the communication from a
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a device interface in comunication with at |east one device froma group
conprising the laser and the work stage, utilizing a | anguage converter
converting the comruni cation froma neutral |anguage format utilized within
the command interpreter to a device specific device | anguage format. 67.
The apparatus of claim51 further conpri sing: a device interface in
comuni cation with at | east one device froma group conprising the |aser
and the work stage, utilizing a | anguage converter converting the

conmuni catduor fngageaforeastutifiked witlgu dgecdironamd tinterpicter 2ed deivichispecitia edegiopmand
interpretgég%g : Bgvi ce specific device | anguage fornmat. 68. The apparatus
of claim rther conpri si ng: a device interface in comrunication
with at | east one device froma group conprising the |aser and the work

stage, ut#d irgl @b ngﬁgggvcg%gsqngconvertl ng the conmunication froma
neutral |anguage format utilized wthin the command interpreter to a device

speci fi ¢ devi cedqvighglrales in spmaunicason With al lepsirae devics fom oy ainRoBBrifing Pher

CONpri Si NGser and the wodk M, GRlAMY LLhAGREL LIAVERATBVEGAL tr@rbommcatonlf@asa one
device froma group conprising the |laser and the work tilizing a

| anguage LHHVFRBRECIRDE MiliFRS Vi BsntATHTARS (MRS 6‘1’na gtsli’eﬁ]l | EM§tage
format utizhguagdfomhdihi n the command interpreter to a deV| ce specific device
| anguage format. 70. The apparatus of claim54 further conprising: a
device interface in communication with at | east one device froma group
conpri si ngg. mhlaxldeasleerp xamhoﬁéneDwr korkbiagpetreatutent apphrags dellverrguigfetocondige t er
converti n@ Iece m Catafhzeglo I Badd tJnatlhe nignec g€ a];"r%'&%%ta "&}ohl st‘Z’t d W‘ thin
t he corman(c:l p &P 0 A Vi e speC|f|c Tan guage formatf.

The appar ta:tmpsmog aqpblaerdriasEﬁDUertglhesroumm arsomlgal train produmag @Iewmerrmmmecﬂiﬂ ace in
COmMUnY C2bd-DBolaldl il LB pAE WARM!CE( AR ILQNOY COMELRLAG iR | aser
and t he wor Rg a anguag converter converting t

conmmuni ca’teFmPﬁlerrS@imt@ naﬁ@\mtarna‘# of] valnepraigeufse forimitse esis| ompEsing t hi n t he comand
interpreter to,g.deycmrspeci fic device |anguage format. 72. The apparatus
of claim56 further conprising: a device interface in communication
with at |east ®werkgags @atrgllesm a group conprising the laser and the work

stage, utili zingRml RRGHROKNGANY ?ersﬁe%ﬁvectﬁd’lk\ﬁﬁ%%éﬂﬁ&tér@@e&ﬁrﬂ'@%b@ésﬁm @@ hrom a
neutral |anguage format utilized wthi he conmand interpreter to a device

speci fi c #EuF E8F tsdrigglgRretdor anpultiply gon- *Relﬁ[fmstéfaaflﬁeep ul traviol et (DW)

wor kpi ece treatnent apparatus delivering light to irradiate the workpi ece,
for crystﬁ{)[rr*]zation g{ﬂa r‘rgtrﬁgrlal on .the worlcpiece, carried on a work

st age SIPREFa phpladmd> FRLEcoBRRFTS ght source and an optical train
producing a vethy radpdelienasi dinridigf dorelaciagadiedn hearasgktitel tiRid jasiisesinget h a
set of paraneters. r@g@_ ired to be maintained within a respective sel ected

nar row r &> oY AVLETEYEh a pul se to pul se basis conprising: a |aser
controller;

75. The apparatus of claim 73 further comprising:
each thread having a respective message pump making access to a respective task

sequential and non-blocking.

76. The apparatus of claim 74 further comprising:
each thread having a respective message pump making access to a respective task

sequential and non-blocking.
77. The apparatus of claim 75 further comprising;

the message pump comprising:

a message queue and a message loop.
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a work stage controller; a systemcontroller running a respective
task in a separate respective process in order to code a task as a single
thread or as nmultiple non-reentrant threads. 74. The apparatus of claim 73
further conpri sing: the respective task conprising core tasks each
run in a respective thread inside a single process as a single thread. 75.
The apparatus of claim 73 further conprising: each thread having a
respecti ve nessage punp naking access to a respective task sequential and
non- bl ocking. 76. The apparatus of claim 74 further conprising: each

t hread hayj a respectiv sage. _punp maki ng access to a respective task
sequenti:%izﬂ%mﬁgﬁWE?6%%?2%%E§??%Tﬁgﬂﬁ%paratus of claim?75 further

conpri si ng: t hide srespay@ePpormpoEBMgRrRITeisNg: a nessage queue and a nessage

| oop. 78. The apparatus of claim 73 further conprising: the system
processor processing errors. 79. The apparatus of claim 74 further
conpri si - Thhapparpws efiplayn G¢ Esbercoppodesssi ng errors. 80. The apparat us of

claim75 furthg I8l Ao deB - SHSkEM processor processing errors. 81.
The appar at us o%$§ﬁ§3ﬁ17§&%ﬁ?theg conprising: the systemcontroller

processing errors. 82. The apparatus of clainP? further conprising: the

system cogi. rRd dphrafdl OCRDH 7D AirBéd Bhprisi3. The apparatus of claim 78 further

conprising: the system processor message i s processed using the nessage
punp. the system processor processing errors.

81. The apparatus of claim 76 further comprising:

the system controller processing errors.

82. The apparatus of claim 77 further comprising:

the system controller processing errors.

83. The apparatus of claim 78 further comprising:

the system processor message is processed using the message pump.

84. The apparatus of claim 79 further comprising:

the system processor message is processed using the message pump.

85. The apparatus of claim 80 further comprising:

the system processor message is processed using the message pump.

86. The apparatus of claim 81 further comprising:

the system processor message is processed using the message pump.

87. The apparatus of claim 82 further comprising:

the system processor message is processed using the message pump.
88. A puised deep ultraviolet (DUV) workpiece treatment apparatus delivering light to irradiate

the workpiece, for crystallization of a material on the workpiece, carried on a work stage,

comprising a pulsed laser DUV light source and an optical train producing a very narrow width
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84. The apparatus of claim79 further conprising: the system processor
nmessage is processed using the nessage punp. 85. The apparatus of claim80
further conprising: the system processor nessage is processed using the
nessage punp. 86. The apparatus of claim8l1 further conprising: the system
processor nessage i s processed using the nessage punp. 87. The apparatus of
claim82 further conprising: the system processor nessage i s processed

usi ng the nmessage punp. 88. A pulsed deep ultraviolet (DUV) workpiece

t r eat ment vap pangated deae bi Nghe pulgs Iwiitg htsemf piaﬂ‘amaldisaé@iréd”lﬁ baodipaiagleyithios
CryStall ) R AR R LR kS AR B SRS bR on @ work st age,
conprising a R R ?1 urce fand o a ? c&l train produci ng a
very narrow V\ndlta*ercamplﬂer,el ongat ed beam of |ight puI ses with a set of

par anet ers req?%grﬁgtaéec Pgougpl ntained within a respective sel ected narrow
range of values on a“pulse to pulse basis conprising: a |laser controller; a
wor k st age com plaialityof process devices qontealig by ysysfempienecwanagewiilierg o dnastitwt | ed by
a system deyleg fﬁ%ﬂ@rgr?grthfégdsldng bﬁgma; cdrfiASls ol HOIcS ERAGA!E el L ORI NG
threads one of "which conprises a device interface to each of the plurality
of pr oces%f%@‘isé’é‘éce%g The apparatus of claim88 further conprising:

the two separately functioning threads conprising a control thread
associated with all of the respective devices and a di agnostic thread
associ at e¥f- W1 #rgpivs offclaip A3 PEbpcempisiisievi ces. 90. The apparatus of claim

88 further congétvd sa@ratagmcmrtﬁkaiswo&pmﬁg 2Oddh gl tﬁr@d’d&a@@cﬁ&ﬂ’ﬁ)ﬁﬂh&llﬁb@ a
separate comuni c t| .on (ganne '1%& @tlg f claim,@89 further
conpri si néereé%eé’ﬁve SHaT 4P Tg’ag"ﬁﬂ&ﬂi“ﬁ%aﬁsé’c? &4g2 8’?{% teeRy c 4°4EPar at e
communi cation channel. 92. The apparatus of claim88 further conprising:

t he syst edy %)nt rgrlatus Fe aamlsé IZnIrtng Cgr%nr%r]l ¢ devi ce conmands i ndependently of
t he device é’ PHSME:
each separately functioning thread comprising a separate communication channel.

91. The apparatus of claim 89 further comprising:

each separately functioning thread comprising a separate communication channel.

92, The apparatus of claim 88 further comprising:

the system controller utilizing generic device commands independently of the device

types.

93. The apparatus of claim 89 further comprising:

the system controller utilizing generic device commands independently of the device

types.

94. The apparatvs of claim 90 further comprising:

the system controller utilizing generic device commands independently of the device

types.

95. The apparatus of claim 91 further comprising:

the system controller utilizing generic device commands independently of the device

types.
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93. The apparatus of claim89 further conprising: the systemcontroller
utilizing generic device commands i ndependently of the device types. 94.
The apparatus of claim90 further conprising: the systemcontroller
utilizing generic device conmands independently of the device types. 95.
The apparatus of claim91 further conprising: the systemcontroller
utilizing generic device commands i ndependently of the device types. 96.
The apparatus of claim92 further conprising: the device comrands
corresponding to high |evel actions 97. The apparatus of claim93 further
conpri si ngﬁf é aretvg G850 % n rc81(Tz)lrrrlse onding to high level actions. 98.
The appara 3 CBPUEPRT M Ur ther 2o nﬁ$|5|ng t he devi ce commands
correspondi ng m@mhmghmhmmdkma@ﬂﬁm@egmgﬁﬂlahbwé@paratus of claim95 further
conprising: the device commands corresponding to high level actions. 100.
The apparatus of claim9 further conprising: the GUI client storing
reci pe de¥? ilhe dpparetunef cpim Shbrtbergomprisiige MSC dat abase prior to sending user

gggg?ndsnt 0 t hge ALRE ESRmARE Ytfesponiy to UM 18RPRGLUS of claim 10 further
i sing:

98. The apparatus of claim 94 further comprising:

the device commands corresponding to high level actions.

99. The apparatus of claim 95 further comprising:

the device commands corresponding to high level actions.

100. The apparatus of claim 9 further comprising:
the GUI client storing recipe definitions as parameters in the MSC database prior 1o

sending user commands to the process server.

101. The apparatus of claim 10 further comprising:
the GUI client storing recipe definitions as parameters in the MSC database prior to

sending user commands to the process server.

102. The apparatus of claim 11 further comprising:
the GUI client storing recipe definitions as parameters in the MSC database prior to

sending user commands to the process server.
103. The apparatus of claim 12 further comprising:
the GUI client storing recipe definitions as parameters in the MSC database prior to
sending user commands to the process server.
104. The apparatus of claim 13 further comprising:
the GUI client storing recipe definitions as parameters in the MSC database prior to

sending user commands to the process server.

105. The apparatus of claim 14 further comprising:
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the QU client storing recipe definitions as paraneters in the MSC dat abase
prior to sending user commands to the process server. 102. The apparat us of
claim 11l further conprising: the GUI client storing recipe
definitions as paraneters in the MSC database prior to sendi ng user
commands to the process server. 103. The apparatus of claim 12 further
conpri si ng: the GU client storing recipe definitions as paraneters
in the MSC dat abase prior to sending user commands to the process server.
104. The appartat G631 Qfient |saring 1&ife uletiidonsCo npransiersgin the MSC ddtdbeseGidior ¢d | ent

storing rec¢. e definit{l ns . as paraneters in the MSC dat abase prior to

sendi ng S e TR R e % mﬁrscsjéeenéesr' server. 105. The apparatus of claim 14

further conpri sing: the GUI client storing recipe definitions as

par amet er gy ﬂwtagﬁaé%@%fg@;@p@égh&rc&glgrlisgn%. sendi ng user commands to the

process server. The "apparatus of ¢laim15 further conprising:
the QU cli enttheGhHdient storinp eecihef defipitipnsres rammeRrsairebe MG fatthae WBCat abase

prior to &g&lg%]&gr&ﬁﬂan&qm@qjgesgger@&e process server. 107. The apparatus of
claim 16 further conprising: the GQU client storing recipe

definitions as paraneters in the MSC database prior to sendi ng user
commands {@. tRQpPhAGETSIaSe0/Bther t8Bprisk3e apparatus of claim57 further
conprising: a nessage gueue and a nessage Io% 109 H;g gip%%r atus of claim
58 further conpf S gent stopag secipe drfRifiensaticPrrisssighe g:p ORE, PR
Ftppar at Ussedinghsad dRrbRAndsus i @foc&0BRIrSi Ng: a nessage queue and a nessage
oop.

108. The apparatus of claim 57 further comprising:

a message queue and a message loop.

109. The apparatus of claim 58 further comprising:

a message quene and a message loop.

110. The apparatus of claim 59 further comprising:

a message queune and a message loop.

111. The apparatus of claim 60 further comprising:

a message queue and a message loop.

112. The apparatus of claim 61 further comprising:

a message queue and a message loop.

113. The apparatus of claim 62 further comprising:

a message queue and a message loop.

114. The apparatus of claim 63 further comprising:

a message queue and a message loop.

115. The apparatus of claim 64 further comprising:

a message queue and a message loop.
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111. The apparatus of claim60 further conprising: a nessage queue and a
nmessage | oop. 112. The apparatus of claim6l further conprising: a nessage
gueue and a nessage | oop. 113. The apparatus of claim 62 further

conprising: a nessage queue and a nessage | oop. 114. The apparatus of claim
63 further conprising: a nessage queue and a nessage | oop. 115. The
apparatus of claim®64 further conprising: a nessage queue and a nessage

| oop. 116. The apparatus of claim88 further conpri sing: t he at

| east two separately functioning threads conprising one or nore separately
functioniﬂgébggggg%Sg)cphfggéhﬁggarate device interface to a respective one

of the pl 6E8sE devi e E7. The apparatus of claim 116

further conpritse ngleast two scpireiclat fuh@msing ttusads epanpetied pne @ncﬁqr@ﬁﬁmgﬂe_ﬂ)hr eads
conpri st E%n&io{li%é RS ‘é?ehgx? nt sre;g ratl *E!Ex}?ﬁedin ﬁ?é%% At edeMyk it BE M GRRARY LY €

device and a respective agnostic thread associated wth the respective
devi ce. l1d8cessThswicggppar at us of claim 116 further conprising: each separately
functioning thread conprising a separate conmuni cation channel. 119. The
apparatus of claim 117 further conprising: each separately functioning

t hr ead cohipr Thsianpprafussd glaint 16 fEwheMiE#P&on channel . 120. The apparatus of

claim 116 furtfieh: ATRL Sdpdiclt ﬂﬁctﬁ)mgemm%ﬁpﬂigi@ra wspdctivd Q@rgemend C
devi ce commands i ndependently of the device t¥§$s. %ﬁ% The agpaﬁqﬁus of
cl ai m 11725FQ5r M eVitle BRPIPESHNg dovisfeand & FeRTEEh fireorts Biref 12PoPAgY JaRePs ¢
devi ce compmnds dskngependently of the device

118. The apparatus of claim 116 further comprising:

each separately functioning thread comprising a separate communication channel.

119. The apparatus of claim 117 further comprising:

each separately functioning thread comprising a separate communication channel.

120. The apparatus of claim 116 further comprising:

the system controller utilizing generic device commands independently of the device

types.

121. The apparatus of claim 117 further comprising:

the system controller utilizing generic device commands independently of the device

types.

122. The apparatus of claim 118 further comprising:

the system controller utilizing generic device commands independently of the device

types.

123. The apparatus of claim 119 further comprising:

the system controller utilizing generic device commands independently of the device

types.

124. The apparatus of claim 120 further comprising:
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types. 122. The apparatus of claim 118 further conprising: the system
controller utilizing generic device commands i ndependently of the device
types. 123. The apparatus of claim 119 further conprising: the system
controller utilizing generic device comuands independently of the device
types. 124. The apparatus of claim 120 further conprising: the device
commands corresponding to high level actions. 125. The apparatus of claim
121 further conprising: the device conmands corresponding to high | evel
actions. 126. thheaevappanhms c@fesgindingtoli?gh byt ddiess. conpri si ng: the device
commands corresponding to high I evel actions. 127. The apparatus of claim
123 further conprising: the device commands corresponding to high | evel
acti ons. 125. The apparatus of claim 121 further comprising:

the device commands corresponding to high level actions.

126. The apparatus of claim 122 further comprising:

the device commands corresponding to high level actions.

127. The apparatus of claim 123 further comprising:

the device commands corresponding to high level actions.
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