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laser light sources are very expensive and the integrated circuits they produce are very
valuable, the integrated circuit fabrication lines typically operate almost continuously,
“round the clock”, 24 hours a day, 7 days per week 365 days per year with the minimum
possible down time for maintenance. Therefore, great efforts go into building and
servicing the fabrication line equipment, including the excimer lasers, to minimize down
time, especially unscheduled down time. As a result, lithography excimer lasers are

expected to have “down time” of much less than 1%.

In addition, the quality of the integrated circuits produced on these fabrication lines is to a
large extent dependent on the quality of the laser beam produced by the laser The beam as
indicated above is typically line narrowed and the energy of each pulse is carefully
controlled. Beam quality specification parameters of centerline wavelength, bandwidth
and pulse energy are typically monitored for each pulse which in state of the art
lithography lasers operate at pulse rates of between 1,000 and 2,500 pulses per second.

Beam specifications for a typical KrF excimer laser might be:
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U.S. Patent No. 5,646,954 (incorporated herein by reference) describes a prior art
maintenance strategy control system and monitoring method for improving performance
reliability of excimer laser lithography light sources. This system uses microprocessors to
monitor laser pulses and to predict based on usage values when maintenance and
equipment replacement should be scheduled. Lithography lasers are typically built in
modular form so that an entire module is quickly replaced with a spare module whenever
there is a failure within the module. The replaced module is then returned to the factory.
The reusable parts in it are recycled into newly manufactured modules. Examples of such
modules include chamber modules comprising the laser chamber and associated
components, stabilization modules comprising a wavemeter for stabilizing the wavelength
and pulse energy of the laser beam and a line narrowing module (LNM) for narrowing the

bandwidth of the laser beam and controlling the wavelength of the beam.



bandw dth of the |aser beam and controlling the wavel ength of the beam WO
01/61514 3 PCT/ US01/ 03762 Control of |aser beamquality is very inportant
t o mai nt avoiongishs gh quality integrated circuit producti onpCBUSIO3MM2 t he
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sent by E-mail aser acturer further processing. c) This
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for historical analysis. he entire process is tinme sensitive (e.g.
certain queries t@keﬁbatmeéﬁeﬂmmnPWerﬂ nutes for processing). The foll ow ng
limtations exist since the current process is manual in nature: a) Field
engi neers nust be physically present in the clean roomenvironnent at the
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laser manufacturer involve the following steps:

a) Field engineers from the laser manufacturer physically download the data
from the lithography lasers every week

b) This data is stored in the form of ASCII flat files and then sent by E-mail to
laser manufacturer for further processing.

c) This E-mail based program has been in use for 3 years, which parses data
files of E-mails and saves them in a server.

d) This data is viewed/massaged by experienced factory technical support
personnel for discrepancy.

€) Ad-hoc queries are generated by user(s) based on the data in SQL Server
Database for historical analysis.

) The entire process is time sensitive (e.g. certain queries take between 7 to 8

minutes for processing).

The following limitations exist since the current process is manual in nature:
a) Field engineers must be physically present in the clean room environment
at the integrated circuit fabrication plant to download this data every week.
Hence, this process cannot be done daily but has to be scheduled with the

customer/field engineers. The data currently is being collected every week.



Hence, this process cannot be done daily but has to be scheduled with the
custoner/field engineers. The data currently is being collected every week.
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and by the time it is processed the 4ata may be nore than a week old. c)
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l'i t hography #aser'd i'rcul abrication pliants. Each | aser at
each fabricationgtapiryhas associated with it a termnal server. Wth
respect to each fabrication plant a central control server unit is in
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aut hori zation. A princjipal function of the present invention is data

acqui sition. Mnidgthe BGANEHONRIYrs record an enornous anount of data. For
exanpl e, each laser pulse is nonitored for pul se energy, wavel ength,
bandwi dt h and charging voltage. Since a state of the art laser typically
oper at eWhattis A6 fiza héttetl sysyern Yo meniddringblathpgraphyplaseent , j ust t hese
paranmeters represent 1600 val ues coll ected each second and since operation
is around the clock this data anounts to about 138 mllion val ues of

primary |aser data per dayyMMARYIOFITHE INVVENTBONr cal cul ates ot her
performance values fromthis primary data. The cal cul ated val ues i nclude

standard deviation values of both wavel ength and pul se energy for small
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circuit fabrication plants. Each laser at each fabrication plant has associated with it a
terminal server. With respect to each fabrication plant a central control server unit is in
communication with each of the lasers through a local area network. Information from the
lasers is collected by the central control server unit and the information is used to provide

summary information which is made available in a web site format to interested parties

having access authorization.

A principal function of the present invention is data acquisition. Monitors on the lasers
record an enormous amount of data. For example, each laser pulse is monitored for pulse
energy, wavelength, bandwidth and charging voltage. Since a state of the art laser
typically operates at 2000 Hz at duty cycles of about 20 percent, just these parameters
represent 1600 values collected each second and since operation is around the clock this
data amounts to about 138 million values of primary laser data per day. In addition, the
laser calculates other performance values from this primary data. The calculated values
include standard deviation values of both wavelength and pulse energy for small groups of
data. The laser also calculates a dose variation value for designated groups of pulses

referred to as “windows” of pulses. In addition, other laser parameters are monitored very



referred to as "wi ndows" of pulses. In addition, other |aser paraneters are
noni tored very WO 01/61514 PCT/ US01/ 03762 5 frequently and nay be recorded
as oftenwasod&siq ed. These ot her paraneters include vari RGE/USMPHE6At ur e
val ues, laser gas pressure and fan speed. Typically the lithography |asers
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bandw variation,” energy sigma and energy variation. BRI EF
DESCRI Rifily@ssie¥d Stirfim BHRAVEMGHE1# oBs, bposs, satd¢rawhick honigggegaies geceapansingyout  of

a preferred_enbodinen f the presen i,nvention. FIGS. 2 through.5 are
copi es foth%%maé(rbeﬁ?f%fa&é%n %r\?ﬁ ﬁﬁé pade ﬁ‘éaﬁ%bglonaaﬁlp%pgr{g%l'tg?e g?s)llspi cal web
pages which were created with a prototype enbodi nent of the present

i nvention.
Charts could include:

1) For each laser up-time (or down time) on a monthly basis

2) For each laser duty cycle during up-times

3) For each chamber integrated pulse count since last chamber replacement

4) For each module (such as LNP, Power supply module, commutator module,

compression lead module, gas module) integrated pulse count (or days)
since last module replacement

5) For each laser at specified time intervals: wavelength monitor, wavelength
sigma, average bandwidth, dose variation, energy sigma and energy

variation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a chart showing the general layout of a preferred embodiment of the present

invention.

FIGS. 2 through 5 are copies of computer printouts showing the general appearance of
typical web pages which were created with a prototype embodiment of the present

invention.



WD 01/ 61514 6 PCT/USOL/ 03762 DETAI LED DESCRI PTI ON OF PREFERRED ENMBCDI MENTS
First Preferred Enbodi ment A first preferred enbodi nent of the present

i nvent i oowoanet3es descri bed by reference to the draw ngs. PCIESE03T62out | i ne
of a process nonitoring systemfor itoring lithography Ilasers in
integrated circuit fabrication plants is shown in FIG 1. Lasers Lasers 2

ntegrated {RBAGOBDETCRIBERS T TRER ARG EUROPIMERTSIC of ' &
conbi nati on of nodels of KrF |asers such as Cyner 5000 series and Cyner

6000 series |lasers available fromCyner, Inc. wth offices in San Diego,
California. These |asers opbirsRrefgrred Emhadimsnt at es of about 1000 Hz or

2000 Hz, producin el - r : he
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port 4 provides for conmynication between the | aser controls and the

moni t or?SSE 18 qRIFERIEHCIISRBWRPTIGRtipR plants is shawh WgﬁIGS rver Each | aser has
associated with it a termnal server 6 having a unique internet address. In
the preferred enbodi ment, the termnal server 6 is a standard server Model
LE 995A-R3 avail able from Bl ackboxlLademg. Fabrication Plant Central Control

oot (GBS g PRI CH MG ATER 116 SEMYEAA AP b b i PREUERE R Dt ant

cent r al,GantLR! mee by 8pp@xintatelySRY MEdrs $rade UFBINH EhiSiRatidr Hf £3Es bAKEF 2
through the fabrication plant”s | ocal area network (LAN) 7 as shown in

FI G 1.laseresushe$ Eymed SA9hbariemand Givires 480N serfes daserseavadable frogr €yasr. e | ows:
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1000 Hz or 2000 Hz producing laser pulses of about 10 mJ per pulse. These are the
ultraviolet light sources for scanner and stepper machines which produce integrated

circuits on silicon wafers.

Interface
An RS-232C interface port 4 provides for communication between the laser controls and

the monitoring equipment shown in FIG. 1.

Terminal Server
Each laser has associated with it a terminal server 6 having a unique internet address. In
the preferred embodiment, the terminal server 6 is a standard server Model LE 995A-R3

available from Blackbox, Inc.

Fabrication Plant Central Control Server
In this preferred embodiment each integrated circuit fabrication plant forming part of the
system is served with a single fabrication plant central control server 8. The server 8
communicates with each laser 2 through the fabrication plant’s local area network (LAN)

7 as shown in FIG. 1. The preferred minimum requirements for the server are as follows:

Processor: Pentium 700 MHz or higher, dual processor system

RAM: 2 Gb



Hard Di sk: 400 Go UPS Backup Tape Drive - 400 Gb A preferred server
neeting these requirenents would be a server within the HP LH 6000 Series
avai | abl avd opensteew ett Packard. The above systemw || be ROTuson@dme2for a
fabrication plant where: a) data is 5tored for up to 6 nonths b) the
nunber of |asers are 20 or less. The Internet As shown in FIG 1 in this
preferred arrangenent the operators of the fabrication plant have erected
a fabricati ﬁargﬁ?}ﬁlf‘ 400y |1 12 between its conmunication network and the
out si de worl@gpgo protect against unauthorized access to the information on
its LAN. The laser manufacturer which in this case is responsible for
assuring thaBadkhp TapsBrige2 498ty  wit h agreed upon performance standards
and al so has contractual obligations with respect to perfornmance of the

| asers is permtted |imted access to information collected by the

noni t or A Rgefeisd QR @t médimgltBbkire@titeaient waild bEN servdrmwitien tiecHBIH 680(r ovi ded
(as agreed between the laser manufacturer and the operator of the

f abr i ca¥drign apdilebte) fremrdaygptt Packard.nt er net . However, both organi zati ons have
provided firewalls shown as 12 for the fabrication plant and 11 for the
manuf acturer. Thus, in a particular preferred enbodi nent, certain types of
dat a ( prigvibous kystéf el e gpfittient Garn fabrictiongthnt whesrver 8 in a web site type
format and down | oaded by manufacturer through the nmanufacturer's Internet
server 16 todany #ita pafor@rie odnomhdcessing units (not shown) at the

manuf act urergys fagllh tigsof 1GN L@hoafgesdoni toring Progranms The centr al
control servbr Sa@re]ntm S %rg%grreg enbosd'i ment utilizes the foll ow ng

comercially avail abl e software packages: a) Operating System - Linux 6.2
Del uxe Version with X11R6 b) Datc_?;za e Storage and Retrieval - Oracle 81
St andard Edition WD 01/61514 8 P £YR3762 c) Web Server - Toncat

Ver si ona3.stown in FIG. 1 in this preferred arrangement the operators of the fabrication plant
have erected a fabrication plant firewall 12 between its communication network and the
outside world to protect against unauthorized access to the information on its LAN. The
laser manufacturer which in this case is responsible for assuring that the lasers 2 comply
with agreed upon performance standards and also has contractual obligations with respect
to performance of the lasers is permitted limited access to information collected by the
monitoring system at the fabrication plant. This limited access is provided (as agreed
between the laser manufacturer and the operator of the fabrication plant) through the
Internet. However, both organizations have provided firewalls shown as 12 for the

fabrication plant and 11 for the manufacturer.

Thus, in a particular preferred embodiment, certain types of data (previously agreed upon)
can be stored in server 8 in a web site type format and down loaded by manufacturer
through the manufacturer’s Internet server 16 to any of several central processing units

(not shown) at the manufacturer’s facilities.

Control and Monitoring Programs
The central control server 8 in this preferred embodiment utilizes the following
commercially available software packages:
a) Operating System — Linux 6.2 Deluxe Version with X11R6
b) Database Storage and Retrieval — Oracle 81 Standard Edition



Programm ng Linux CVS/RCS programis used to programthe Linux operating
system 8 for this application. A GNU toolset is used to create program

| i brari eswatilshsigernit the various prograns to be nodul ar PCPUSHYe3T62
libraries include: shared libraries, Static libraries and dynam cal |y

| oaded l|ibraries. Conputer Program for Central Control The software for
operating system §,i r ef er abl r eat in nmodul ar form There are four
primary softfare g‘)‘%ﬁ S Oén%%t\}ajﬁ;’r%{%%gﬁsiti on nodul e, the parser nodul e,

t he dat abase nodule and the user interface nodule. The Data Acquisition
Modul e The data acquisition nodul e consists of a set of progranms performng
the task of gathering data fromHrageammingng sending the data to the paser
nodul e for f Sjn The TR CAL - Nl tehe, t i nal
server fsmélﬁdéyﬁzﬁ %%g%gﬁnlseg?egcg) Rm% shO\?\nE]?lHQrb Ie%t&g%ﬁgl at?0 5 fadT

acqui si sppicatin uAeGNONPOIssES Ushé té ofdarvprograsiniibmeice whorpmmeit the vafiolaser
Read and Wite » Command Wite to Lasers A%%Pg Wite i?;ﬁje.’\ Dat a Read
from LaR®gsms to\hg medulaeh Sgegram hbrppessinclyds: phprgsh Harapiess sECIRranesfiid pase
Wite Qf@’r’ﬁ%i'éal LR 4. Logs and Error Daenon Laser Read and Wite The
first nodul e consists of socket communication read and wites prograns. The
wite programoutputs commands to the |aser. The read program acquires the

responses and data fromthe |aser. A paster schedul.er nodule calls the
write program at confi g@"’é‘ﬂ?‘@ebgﬁ’%‘a‘m%é?'btf?sllad?%“gtmllhe read programis
cal | ed gepeselivig fPQRrithe sHMeil SRidrbfeyatdf clebRd i aRANBE fHAL aThdré ard fohie

device. Each wite operation will initiate a data response fromthe device.
The WO priimaiys deftwarP@TduBe Hg3d@2 acquisition module, the parser module, the database

module and the user interface module.

The Data Acquisition Module
The data acquisition module consists of a set of programs performing the task of gathering
data from lasers 2 and sending the data to the paser module for further processing. The
communication is through the terminal server 6 and the RS232C interface 4 as shown in

FIG. 1.

The data acquisition module comprises the following software components:

Laser Read and Write

Command Write to Lasers

Command Write Queue

Data Read from Lasers

Master Scheduler

Interface to Parser Program

Database Write Queue

System Error Logs and Error Daemon

Laser Read and Write
The first module consists of socket communication read and writes programs. The write
program outputs commands to the laser. The read program acquires the responses and data
from the laser. A master scheduler module calls the write program at configurable periodic
intervals. The read program is called depending upon the availability of the response data

from the device. Each write operation will initiate a data response from the device. The



subsequent wite operation to the sane device should not be attenpted
before a successful acquisition or a tineout value on the read operation.
Conmand Wvotoe/6isa4 Devi ce A socket conn%cti on i s made from tPEI/UBHIRTGer ver
to the termnal server. Commands are “witten to the socket under the
control of the master scheduler. A preferred |list of commands to the device
is given below .Cet nf i ation.The t

conf i guF%F%ueﬁgwge@egﬁé otﬁil{ %Sasnﬁesfleevrlﬁ eo%lg)?lg{?ogﬁlbe ahg%lp &éﬁigae?répﬁa g,s_;ﬁ? s ount
of gas defuidiforfor £fitkbut@BRIca 18 reddipergies. of many | aser conponents, the
| aser serial nunber, and many ot her paraneters are included in
configuration data. The "get configuration” conmand collects this
information. Get Diagnostic |pg| . .sensors nonitor the laser's
performance. Periodically, thg%lggﬁatn?t)\ﬁrlk@ntgﬁﬁvé&reeads t he sensors and

updat es A hrkerssanactioadatnadasronhdte lainex saeer todhs taymenal kerves divsonandsaek ngs.
The di agnostic readi ngs . include qarg&eters s%g{‘]ﬂas the tenperature inside
t he | as&witieadq thepackes ndergheaeniro Thagle s ®rrors Wien the |aser
detects warnings or errors, it displays a nmessage on the hand-held
termnal, and | ogs the warning/error code in a section of reserved nenory.
Each | og\ pefirred licbof aimrsartdseto war deving ipgiven belowsode nunber, the date and
time that the error occurred, and the paraneter that caused the error. The
| aser stores up to 50 warnings (if you are running MCS version 1.64 or

| at er) Q?&C@Bﬁg‘ga’s@ errors. CGet Status Status data are the paraneters that
det er ni ne | adée lper cortelnpistens yees cenligdmbls €3340 QUEPRIZG RS ORFBO ¢ ri gger
node and. bur, 0 : d e [ : S fi t

fol | owi g’é’rieﬁ‘g;élP%a;{ﬁ%nan?%Eﬁ‘%?\?g%aﬁ Qi WCTdft oBEralibh UROBer’ of Bapy Ser -
PCT/ USOLb@pdfichts, fRel Rseres@igynumber, and many other parameters are included in

configuration data. The “get configuration” command collects this information.

Get Diagnostic
Inside the laser, sensors monitor the laser’s performance. Periodically, the control

module reads the sensors and updates the memory locations that are used to store the
sensor readings. The diagnostic readings include parameters such as the temperature

inside the laser, and the cooling water flow rate.

Get Errors
When the laser detects warnings or errors, it displays a message on the hand-held

terminal, and logs the warning/error code in a section of reserved memory. Each log
entry contains the warning or error code number, the date and time that the error
occurred, and the parameter that caused the error. The laser stores up to 50 warnings (if

you are running MCS version 1.64 or later) and up to 50 errors.

Get Status -
Status data are the parameters that determine laser performance, such as repetition

rate, energy mode, trigger mode and burst count.

Get Shot data '
Every time the laser fires, the following information is saved in the main control

board:



H gh vol t age set poi nt Wavel ength Bandw dth Get Averaged Shot data 1 K
This is shot data averaged over 1000 pul ses Get Averaged Shot data 100K

This is averaged over 100,000 pul ses Get AveragsérD5alosdat a 100M
This is §P§?“§§%§ aver aged over 100,000, 000 pul ses Cet Frﬁﬁge Data Fringe

data is a 1024-byte spectral representation of a single |aser shot and is
used for wavelength calibration. Unlike the other data types, valid fringe
dat a can ol Yulse enchgwnl oaded while the laser is firing. Get Al This
instruction acquires all of the above data. The |aser software stores
command ch®r d8€8 VeIIERSEIPOMt encounters a terminating signal. The software

t hen gathegs%ﬁggﬂ§§@gs the data to the central control server unit. Conmand
Wite Queue The master schedul er sends conmands to a wite queue at a
schedul ed §i rBandAddthti onally, an interactive user or another control
program can send commands to the command wite queue. The wite queue uses
a firSet Arerpggdsyhasdatadi uct ure and sends the commands to the device usi ng
sockets. Cbhivanshot dpia averggediotes 1808 palses i ¢ | aser as designated. The next
command to the sanme | aser should not be attenpted until the previous
commaget hesafe$hotdataplo®Ked or a timeout has occurred. Data fromthe parser
i s passed Thistifighat dhlaiavgrapedavaam00jonopoiss format file. The file handl er
is returned to the calling programby a return nessage queue. The naster
schedglLeh 89651 Ot (agedonet urned data. The returned data is then submtted

the"dat abadt Ve b TR e BRI S " ara Reaa from Dovice

Get Fringe Data
Fringe data is a 1024-byte spectral representation of a single laser shot and is used

for wavelength calibration. Unlike the other data types, valid fringe data can only be
downloaded while the laser is firing.
Get All

This instruction acquires all of the above data.

The laser software stores command characters until it encounters a terminating signal.

The software then gathers and sends the data to the central control server unit.

Command Write Queue
The master scheduler sends commands to a write queue at a scheduled time. Additionally,
an interactive user or another control program can send commands to the command write
queue. The write queue uses a first in first out structure and sends the commands to the
device using sockets. Commands are issued to a specific laser as designated. The next
command to the same laser should not be attempted until the previous command has been
completed or a timeout has occurred. Data from the parser is passed to the calling program
in an XML format file. The file handler is returned to the calling program by a return
message queue. The master scheduler does not need returned data. The returned data is
then submitted to a database write queue for uploading of the collected information into

the database.



Each command sent to each laser results in a response with data fromthe

| aser. The subsequent command can be witten to the |aser after the data
r esponsew®ei/418e1 previ ous conmmand has been conpl etely red®€iTigd1/03M2t her e
is no response fromthe laser, thellresulting timeout will termnate the
data read program and append an entry to the system error log. Data is
read fromthe term nal server using a socket connection. A formfeed
denotes the end of each data response. The parser application will handle
the entire data response aDAnReddfBaeDevidhe primary difference here is
that only the first data set will have the laser ID. For the purposes of
dat a Raghjcoatmand et tthecaglatlaser sesdltpringy ssporssevihrdats om Fh@a{aé%r-gf one | ong

tri f i nt abl e, ASGl | . I |
nai cdeeee B PuRred SR “ERE FRUE s IR R e A e R entry
t 0 t heniyaideas BEdnOtorhplgtel Watdethaided [tldiete iis npassgahst drathahpdaser ther ogram i n

preparation for database |oading or web view ng by an int etg)acti ve user.
O herreging timgouthail sEninaterfbe Wataread; negeam #Bd gpeend 4 cvecle V8 S¥fiEdat a i n

XM fe%oﬁ%%%g]i%ﬁ%dglz&?xetﬁe té\@rﬁﬁeﬁrseﬁ%?%gﬁﬁ &f sodtEScaneSi @M s ehadweas the

vari ous ¢ o the l'aser at previously configured tine
i nt erdeabss théseidofedchtdaitnrdspense offfine parsér applieatoyn will hapdde Weeentirgdetaf ace

Screen (on the b). The command-wite operation.tq a.las resulits in a
dat a TS9P ONg \Iggta)ﬁ‘?tnu € %ﬁ“&ﬁ%’a‘?‘ggeé‘%ﬁ“%u’ts%}‘?tt ?fﬂ?f\n%i’el ﬁﬁsi C@Lae%f%éyslht he
mast §f,,s ghed gb;. P%r'ﬂ?@%urb@e@ro?ﬁ% vaBd AV A8 dath Seadi R¥eand theoditd & t he

contents of %gﬁ ‘crontab” file. A nornmal user account is used to run these
cron traabsl asl ovteelohgctringoof prantatle AHCIA charseter. 1o agnpriotpblnAS &Il ehagaécrpar si ng

am wh it h | et dat. [ d. If th
e poRdiss el deBnrore arter AUl hengier i PR hrsh e ARG 1 10

di scagfigdipg! fvalighted tdas 1LHRRAS €0 rB@DafseP Prédtem| @S prepudatibn Her snbed in a
disk buffer. The parsing program anal yzes this data, parse the data per

pr e- deading @r grebnviawingnbly apirtpredvy psercOthsaarogaams Mint crlh dhe Wikt d8¥e. The
parsin rogramw | n_ i ite request to a database
W i temjgg'ged’ﬂgﬁ%@‘ﬂﬁéhﬁgggi%§m§0%@ﬁ U@(ﬁl‘% 8’%‘7‘%{2 Dat abase Wite Queue

Master Scheduler

This program schedules the various command writes to the laser at previously configured
time intervals. Users maintain the command frequency using a User Interface Screen (on
the web). The command-write operation to a laser results in a data response. The Linux
standard “cron” utility will be used as the master scheduler. A user interface is provided
to view and modify the contents of the “crontab” file. A normal user account is used to

run these cron jobs.

Interface to the Parser
A laser read program calls the parsing program when it has a complete set of data
responding to a command. If the response data is incomplete after a timeout period or is

corrupted, it is discarded. If not, the response read from the laser will be stored in a disk

buffer.

The parsing program analyzes this data, parse the data per pre-defined grammar and
prepare it to load into an Oracle database. The parsing program will then issue a database

write request to a database write job queue.



Dat abase wite requests fromthe parser are stored in a job queue. Load
comands are initiated based on the capabilities of a database SQ. | oader.
The i nputwoansisiate over a period of tinme should all ow f oPCTOSPIBIe20N of
all the database wite requests as%chronously. A dat abase wite submts a
job in the batch queue. Commands will be provided to nonitor, delete and
add new jobs to the batch queue. When a job termnates, the exit value
will indicate a success or an error situation. It is possible to use the

Li nux operating system shel DagbhdeWsitd Qupss f or m an asynchr onous j ob
control of batch jobs. The job to be run in the background under the | ocal
shel | Databaser Weitestéarestsafipm s trarsgr erfestEsdningt B8 apie Wl RIS KB5S a
change..j. S e . i r hS ; { e

fr ad T10AsF bRk BARphIRAHBHE LKA SOb BT e Sk ek 8 he user
vi a epédd .of Tiesshoeldubliswafe rcedipicionedft all t the dpbapr vaite sqoewss or
error log files. System Error Logs and Error Daenon The application wll

cr eat 8SYBFROPOYYY entries under the fol lowing situations: “ No response
fromdevice for a command ™ Inconplete response fromdevice with a tinmeout
A Corrupted response fromdevice » Database |oad error due to a uni que key
vi ol atAl databaskewstedsittanitssa gbb éadyie dathl qidue. CoDanaidaswill badrevidest t@ue to an
incorrect o fi I& ’\dData.bgse | .oad error du%}tlo a. a&abasz d wn_ or ot her
syst eMoBHeh delte pAY 2Ad DRy I0BR 19 HiaPateh AUPYS a M MoRi (O IER G BBV opr i at e
var ni Reise Hi ifisAE a%8&kekdordan ot sRIAERH IO ESposkiBROW. usé teliatirbferaisd em err or
| og daenon may or nmay not be necessary. Any new fatal or _non-fatal error
occur spstee shell seripts typerfarmaamesyaslktoseosiobecondplsef kajeh ivhsedhgdok Hebt ype and
the count of errors.  Sipulation, Prggra ' [ t the
modul 848 te e, TS kEoRRd Pt Bk e t5§‘rqgga“§ptﬁ%%b§§é‘5ﬁi“?ﬂf’gﬁh%?‘g‘?fﬁnf’@g%?%vi ded.
Such ghzhikd Ribi H8 avhagiFedil ssted | Wheh fid Qictie diewsils rogapanassi inahe waireé ous
commands, including inconplete responses, |ack of response, and other error
condi tiagiionatT hatchiprRAcaNinGD SIYFAERE, Frseie raip Tpiurnsds (o thea Upgwy g ot

L ow spegd REaiQOMGlald t&%/af)ﬁ%yigééggcess or error log files.

System Error Logs and Error Daemon

The application will create error log entries under the following situations:

No response from device for a command

Incomplete response from device with a timeout

Corrupted response from device

Database load error due to a unique key violation, where data is already available
Database load error due to an incorrect load file

Database load error due to a database down or other system problems

Fatal and non-fatal errors are monitored, and appropriate warnings are displayed in a
system console window. A separate system error log daemon may or may not be
necessary. Any new fatal or non-fatal error occurrence will trigger alarms and console

displays based on the type and the count of errors.

Simulation Program
A simulation program to test the modules described above without tying up a laser is
preferably provided. Such a simulation program should simulate device responses to
various commands, including incomplete responses, lack of response, and other error

conditions. The simulation program preferably runs on a low-power, low-speed PC



13 running Red Hat Linux 6.2. It will be connected to the Black Box Conpact
Term nal Server (BBTS) using the RS232C interface. The PC stores and

si mul at es@blesieandard responses for each of the possi bl PECHGMME2
Initially, flat responses are ret urk¥ed. Exter nal application program
interfaces will be provided to the Cormmand Wite queue and the parser

out put as scri bed bel gw nd Wi eye. Thi s nds from
he. GRBATSCRBHLFE M Br0-21 it SFT VEm HeD Sn00S s b5 CORAER! IFamE

Pr Ogr §iPy e TIBBTOUEHES tHRSEPIMBAEFacaANTherBC eoréshaid sidndatpanllistaidard | aser,
when the |ast command to that |aser has conpleted. The calling program
passesspdmses domeard, olddhe p@ssild@momm@dsan&lltlﬁg’, B ureeRonses @He reégme ng
programto.the.command wri. ue . . epe: i been
read FYGMA ﬁgglllcggg? 1pr?%raq151¥1%5@§§5d\e&ftﬂ(l) btgﬁflég“gg‘?g%?‘é ?E‘é“ﬁggm‘?g‘é& Q%s glll{a{?e'ss vari ous
fiel dgnd thepafskSodtpures dagpibadbelother headers and prepares the record as
outlined in the database schemas. Data read queue contains the file

poi nter and the return address for the calling prograns. The calling

program pi cks up .tHe. hr £ Wite
Queue: Per |88H’iné£lgr{§ﬁlt%§n@%\'ds%9Hcggrbgﬁggé’?l ab g?“?r %ltljgh%]? roéleDrg%}giQﬁ@ ‘conmands to
be acqui r eght@nétiveeniraadedbi wep of be edrted psegrarihelosijpaites ahe torempadser i n

SQL Loader format will be presented to the Dbhwite ue. .Thi s gueue
handl es i AYbEaItFOHEBY toseyParyada Bsen hsp dpe eyt 6881‘%‘%05‘) that ?aase e

| mpl ement at) h | 0 AU, SRR N A Barea R hEe Wdrhifeedad the Li nux
Shel | QJeuéb%ﬁﬁte&?gg%g%?ogé}amu&sz. TI' BCO Queui ﬁg ?Appl ication 3. |BM
MXBer i es f edurtd ofitke Valihg pegiarotothe deeinaslerriPaguses. Modul e The parser nodul e
creates the necessary digital information in the appropriate formso that

the data acquired can be properly processed, stored and retrieved. In a
preferred Le: Wien IAAlORABbEDNLE R SBS 14s8E, Qt 12 peat@eorthes: WO
01/ 61514 15 PO TealT 85703 P

parser. The parser splits various fields, inserts timestamp and other headers and

prepares the record as outlined in the database schemas. Data read queue contains

the file pointer and the return address for the calling programs. The calling

program picks up the data through the data read queue.

e Database Write Queue: Periodic cron commands will request for data of certain
commands to be acquired and be loaded into the database. The output of the parser
in SQL Loader format will be presented to the Dbwrite Queue. This queue handles

invocation of SQL Loaders and proper loading of data.

Queue Implementation

The following queue mechanisms can be utilized:
1. Linux Shell Queue and GNU Queue Programs
2. TIBCO Queuing Application
3. IBM MQSeries for Linux V5.1 Technology Release
Parser Module
The parser module creates the necessary digital information in the appropriate form so that

the data acquired can be properly processed, stored and retrieved. In a preferred

arrangement, the information is parsed into 12 categories:



1. header conprising command and |aser S/N 2. detail for identifying

manuf acturer data 3. xm 4. equipnent identification 5. data set
identificgadppéuspy sequence 7. global unique identifier 8.paiarse1esm2date 9.
uni versal tine code offset 10. cordflector type 11. process ID for parser
status 12. nane of log for warning or error messages User Interface - Wb
Pages The web pages are dj spl ayed b ons cting HTM. pages on the server
8 shown i nl-FI Ggheader CSF’é’ﬁ‘a‘é‘lg(fOWdt%ﬂiaW %Nbe used to create these pages.

Si nce theg_;e HT M REGERieMiNing #ARLABEArLHYARM ¢ data that will be retrieved
fromthe database, it Is recommended that the Java Server Pages technol ogy

(al ong wi th seramhlet s) be used. Sonme of the reasons for selecting this
technol ogy, are as. follows;..1..JSP enpl oys Java and rel ated technol ogy that
have becore a setqéllrp&éern&‘%,\eﬁhflﬁaélqnndustry. Hence it enjoys support from a
nunber of yendqs @ftichagcarpd qual ity of support available. Mgrating to
future versions wll also be easier. 2. Tontat, which is a JSP and servlets
engi ne is €.reelspqeanae| abl e from Apache

(http://iakarta, che. gr.g/tanvat/index.htm) and readily integrates with
t he Apache’™ webg@ga \‘/lgqu.ueége gltgtjre extensions to display the device

per formancg data@td &t hdad- hel d devi ces can be readily acconmopdat ed usi ng

t he Xal an t echnol ogy t hat in'ltnggrat es well with the Apache web server. WO
01/ 61514 PET/ USEywsH gme aslepfisether | Java is a pl atform i ndependent,

secure, nefghor kco%jecqudt'y}ﬁel anguage that enpl oys

11.  process ID for parser status

12. name of log for warning or error messages

User Interface — Web Pages
The web pages are displayed by constructing HTML pages on the server 8 shown in FIG.
1. Standard HTML tags will be used to create these pages. Since these HTML pages will
contain dynamic data that will be retrieved from the database, it is recommended that the
Java Server Pages technology (along with servlets) be used. Some of the reasons for

selecting this technology are as follows:

1. JSP employs Java and related technology that have become a standard in the industry.
Hence it enjoys support from a number of vendors and has good quality of support

available. Migrating to future versions will also be easier.

2. Tomcat, which is a JSP and serviets engine is freely available from Apache

(http://jakarta.apache.org/tomcat/index.html) and readily integrates with the Apache

web server.

3. Future extensions to display the device performance data in hand-held devices can be
readily accommodated using the Xalan technology that integrates well with the

Apache web server.



the "wite once, run anywhere" principle. Future mgration to a different
platformw Il not require reconpilation of any of the front-end code. In
order towoppasis the creation of HTML pages through JSP, Jevauspsemsrs2ar e
designed to support the data thatlheeds to be displayed in these pages.
There is preferably one Java bean per JSP to | oad data, perform any data
processj ng_and store data back into the dg%grba%ﬁylPr OEF)er nmet hods shoul d be
i denfirthedlag 18 aplatierg ddspendrnk feC 5t BEBHT F4diony g° At EBPIERt | y
Sepagﬁt‘%@itg%hx\?,?ﬂn LRRVEERE aitifiBe FdRYanb8aon toh Qitkednt bRitReM s Hofe

dat abase to retrieve/store data, JDBC technology is used by the Java bean.
Ther ecqaire recompilagion of amyoolthe tnoet-ged/epd®DBC drivers for Oracle (level 4
drivers) that supply good performance. In addition, the use of prepared
statenents wi Il enhance performance for frequently executed queries. As

specif bRir ReE@iRrt thbRreh@¥a PSRN GRBEAIHoug JSH, 1evd B@hs afeodesige@ssi ng t he
dat abase. In order to enhance performance even further, these Java beans

shoulseppsit tierdagnthat oetdsrie heodisplayadanathassepdgesnt haie it BredEablyMneplBgR . The
connection . will recycl onnegt.l i s t@.t he

dat ag’ﬁ% Pth Egp t%\rlrgefie e ﬁhé%ff?ré% uag rﬁ)t&até%%g;écﬁgg}é%%ﬁ gl S\c{)d;}lE n(%lt%ga g%éﬁg otﬁ%ect i ons,
whi cRaRbseY Pripen@Rsdswiould Brddanifirdcbitha thodisplay lahd Hetagesdegsiag wilh such a
way that its paraneters can be externall controlled through a text file.
Sone berorpelycsraaiad shvesarthet o rad BedavaifBer of times a connection can be
used, inactive tinme period after which connection wll be returned to the
pool, etc. The reader should note that XM. pages nay be generated instead
of HIMordepageasets thematahaseXSRtrisve/stheet datkat/DBSatechieoldg s islwmyd Hy ithe daapi ous

devices (palmpilot,. cell hones, rs, ete.) using the appropriate
styl &°¥hebbde AN BERRTOf g@\g@pw a¥a mggs‘%}"«?fseﬁéér%ﬁlﬁﬁgv%ﬁs }Vgﬁghagr e: 1.
Admi %h?ﬁl&agdo%npgﬁ&%aancéfhil% RRGGoM tht e ssptphRdadifemients owill Rehdryi ce.
cluste connected to a particular server. Adm nistration functions wll
i ncl yeeforuaticadon freqenilyexeorted guerisswd s lspeasBerd befurd. tlep Hae deard s@ddinon

P T St oo RSB n B B B R e P30
these Java beans should obtain connections to the database from the connection pool. The
connection pool will recycle connections between various calls to the database thus
preventing frequent opening and closing of the connections, which are very expensive.
The connection pool will be designed in such a way that its parameters can be externally
controlled through a text file. Some of the connection parameters are: number of times a
connection can be used, inactive time period after which connection will be returned to the
pool, etc. The reader should note that XML pages may be generated instead of HTML
pages (from the JSP) so that data can be displayed in various devices (palm pilot, cell

phones, browsers, etc.) using the appropriate style sheets.

Web Pages
Web pages that preferably are displayed are:
1. Administration Page — This page will be used to administer the device cluster

connected to a particular server. Administration functions will include adding a
device to the network, configuring data collection parameters, etc.

2. Central Page — Displays the status of all the lasers that are connected to a particular
server.



3. Summary Pages - Displays data regarding a particular |aser nodel. The
type of data is either cunul ative or averages for that |aser nodel. It
al so showo éih@snaunber of parts that are expected to be reprasedoss a
weekly basis for the next 5 monthsl®4. Equi pment Control Pages - Displays
data regarding a particular laser ID regarding usage, naintenance and
repl acement schedules, etgc. 5. Service Log Pages - Data.is.entered by the
servi ce- pePOGRL B~ DIRRIPYS it é?gafcg Yo Ig’mugafﬁiseqé’?%%ll's PSP Pﬁg t he
down ti medataas eisher eppuiatye QhavasRtdRt Datlaser apgds)-dpalsy phqvyy we 5@’“ This is
one of thef pais halgas expecieddo bg reriated ongy weaklXpasinfor thedisis > AIS- f r om t he
web user to be stored in the database (the other being the Adm nistration
page) . 4. ESEPn(edt Gontsol Raks Pidisplsys @omtagetdingagarsiculaDlase By segaring(- bar and
Range chaut#ef maintananécoarsl replaagrat¢e sehedabadie.dt h, energy sigma, etc.) for a
particular device ID. Al so displays the error and warning | ogs recorded
during 3.hgepact L&z Papes — Batals eperelagethe sefvideqessoanel dhn panigsildr dasen

parti cul agpdeyd g&ail PregadlingdCRRTIRMSHMEgRSts TefiftedemaltodeiémeateRntdred i | |  down
from EC) i 94iPpddeS ThRRL BREHS thefiRh RBENINABY Liert Projeérhich dosupts dan EC) 10.
Interacti \ﬁ%muﬁl%rwe%)lgggFthgg %?ed’&?ﬂ%ﬁ%%se?&@ (ﬁ‘ﬂlé%ﬁ:l exndhgidagss data

acquisition K onmmand etc. fromthe browser. This page w ||
have a ch8f®% box to select the type of conmand and a button to submt this

conmmand he.. j L5 Leds. | ect ed
Wil | be6' gi} s%eqsétanggga?n at 9 3 §?§¢w¥ﬂd oéeisn d‘?ﬁ'ﬁ%? it {h%‘gf-ﬁg.&ic%%gg}’@?@g?é pages
shoul d coﬂ?‘a&ﬂf ﬁéé%getF% rfsydl. gner ey pighe: g'%gosraol? dca‘{%fs SVESr “exanpl e, the
sunmary p&Ye dsplepethacrey Tgng l9gs recy PHpg ihedist> 82YSconsumabl es,
Devi ce Productivity, Device Performance and Repl acenent Schedul es. Dividing
a conpl-eErsadegssnt Brrpisdindi Wamingsdorsa paiewar 4avide IBe i npl enent ed as separat e
pages internally) will deliver faster perceived perfornmance since the
cal cul a8.i diwsnrhents Baghsr— Edveaclt bemi¢esIDhi(liill dewdifsondE€) anong t he pages. Wb
Page Sequence The hone page for the project is provided. The user can drill
down t 09 eiplafi€ fephitell ndHot leflttadlevidedPE (drly d6Wh EébBCPN the desired device ID
area (EC, Service log, etc.) or to the sunmary
10. Interactive User Command Page - The user can also issues the laser data

acquisition commands like GA, GE, GD, etc. from the browser. This page will

have a choice box to select the type of command and a button to submit this

command. Once the command is submitted, the raw data that was collected will be

displayed in a tabular form.

Additionally, some of these pages should contain tabs to display different types of data.
For example, the summary page can be divided into four tabs titled Cost of Consumables,
Device Productivity, Device Performance and Replacement Schedules. Dividing a
complex page into individual tabs (which will be implemented as separate pages
internally) will deliver faster perceived performance since the calculations to render the

charts will be divided among the pages.

Web Page Sequence
The home page for the project is provided. The user can drill down to either an individual

laser by clicking on the desired device ID area (EC, Service log, etc.) or to the summary

page from this page.

There preferably are a number of links from each page to other pages. Also, within the

pages that display the details regarding a particular laser ID or in the summary page that



page fromthis page. There preferably are a nunber of |inks from each page
to other pages. Also, wthin the pages that display the details regarding
a parti cqggg} éﬁﬂer ID or in the summary page that WO 01/ 618d4uso1/03762
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consuming and expensive. A number of vendors supply Java charting components

packaged as Java beans. Examples include PowerChart from ProtoView, Jclass
components (JCChart) from KL Group, DataVista Pro from Visualize, Inc.,

(www.visualizeinc.com) etc.

Chart Types
The following are the different types of charts that will be required to be displayed for the

project.

Bar Charts

Stacked Bar Charts (for cumulative data)

Line Charts

Line Charts with standard deviation (hi-lo) markers
Scatter plots

bl ol e

The following table shows the preferred charts that may be displayed and their chart
types.
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Usage Rate

Line plot

Plot for last 6 months for the
average usage rate for a
particular laser model.

Monthly Uptime/Downtime

Stacked bar chart

For a particular laser model,
percentage of uptime,
scheduled and unscheduled
downtimes for the last 6
months.

Monthly Average

Bandwidth and 3 Sigma

Range

Line Plot with hi/lo points
for sigma

Average bandwidth for a
particular laser model for the
last 6 months.

Monthly Average Energy

Stability and 3 Sigma
Range

Line Plot with hi/lo for
sigma

Average energy stability for a
particular laser model for the
last 6 months

Errors and Warnings Pareto

Bar chart (with line plot for

Occurances of different types

The tables that need to be displayed are the following:

Chart cumulative?) of errors and warnings during
the last 6 months.
EC Usage Line Plot Usage (billions of pulses)
over the last 6 months for a
particular laser ID
SPC X-bar Line Plot with UCL and Plots for Bandwidth. Energy
LCL limit lines Sigma, Dose Error. Voltage,
Chamber Pressure,
Temperature. Total Injection
Shot, F2 Consumption for a
particular laser ID.
Range Line Plot with UCL and Same as X-bar
LCL limit lines
Tables
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The charts such as those of FIGS. 2 and 3 on charts portraying some or all the information

listed above is preferably added to a website created in server 8 and charts are made

available through the Internet to interested parties having authorization to access the

information.

requiring a user name and a password.

Preferably this is accomplished in the well-known Internet technique

Thus, this information on web server 8 is available to the laser manufacturer and is used

by manufacturer to plan maintenance and replacement activity and to look for trends

which could indicate design problems.

The information is also available to interested

parties outside the fabrication plan but within the corporate organization of the owner of

the fabrication plant.

External Interface Specifications

XML format where appropriate are used for communicating with the external applications.

Highlighting Problems and Opportunities

The system described herein permits interested parties to quickly and efficiently compare

the performance of a large number of similar lasers. This permits the parties to identify

the best and worst performing lasers and to identify problems and recognize techniques



| i sted above is preferably added to a website created in server 8 and
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during fluorine gas refills which would permit a determination of beam quality values as a
function of quantitive values of fluorine gas concentration, and/or as a function of
chamber pressure. This information could be collected from a large number of lasers and

would provide additional valuable information which could be used to recommend

operating ranges which would produce improved beam quality.

While the invention has been described above with specificity in terms of preferred
embodiments, the reader should understand and recognize that many changes and
alterations could be made without deviating from the spirit of the invention. Also, in
preferred embodiments the laser manufacturer’s server 16 is connected through the
Internet to many fabrication plants so that hundreds of lasers are monitored. For example,
the terminal server 6 shown in FIG. 1 could be a network card embedded in the laser 2,
this is referred to as an embedded network card. Therefore, the scope of the invention

should be determined by the appended claims and their legal equivalents.
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quality. Also this systemw ||l permt the |lasers to be progranmmed to
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a second server unit providing comunication through a comunication

net wor k bet ween sai dedmpaterssetilized hynpersensghaving access authorization to the

information stored by said first server unit.

2. A system as in Claim 1 wherein said plurality of lasers are narrow band

excimer lasers.

3. A system as in Claim 1 wherein each terminal server is provided with a

unique internet address.

4. A system as in Claim 1 wherein said second server is located at facilities of

a laser manufacturer.

5. A system as in Claim 1 wherein said central fabrication plant server unit is
programmed with software created in modular form said software comprising:
(a) a data acquisition module
(b) a parser module
(c) a database module and

(d) a user interface module.



conputers utilized by persons having access authorization to the
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Wit h Salvhwadensoneat @8mpAsiapdul ar form said software conprising: (a) a data
acquisition nodule (b) a parser nodule (c) a database nodule and (d) a
user interface (@bdulleserypdendeuse4 PCT/ USOL/ 03762 22 6. A systemas in
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conpri si ng: (a;l(b?asecr()%%g%lé a{nl%t\évrlésffe)s (b) command wite to lasers (c)

command wite qudgue copthhatbiaterq@de from | asers (e) naster scheduler (f)
interface to parser g) database wite queue (h) systemerror |ogs and
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lasers is presented at.aA Wep&§ite created by said central fabrication
pl ant server un@ﬁ. g’ ,&es;(/:stem as in Caim?7 wherein said data acquired
fromsaid | aser(f) s prefeateghrsen t he form of sunmary charts.

(g)  database write queue

(h) system error logs and error daemon

7. A system as in Claim 1 wherein data acquired from said lasers is presented

at a web site created by said central fabrication plant server unit.

8. A system as in Claim 7 wherein said data acquired from said laser is

presented in the form of summary charts.
0. A system as in Claim 7 wherein said web site comprises web pages.

10. A system as in Claim 9 wherein said web pages comprise:
(a) an administration page
(b) summary pages regarding particular lasers
(c) service log pages

(d) eITor pages

11. A system as in Claim 8 wherein said charts comprise:
(a) chamber lifetime charts
(b) LNM charts
(©) Stabilization module charts
(d)  Uptime or downtime charts

(e) Maintenance related charts

12. A system as in Claim 1 wherein said communication network is the Internet



9. Asystemas in Claim7 wherein said web site conprises web pages. 10. A
systemas in Caim9 wherein said web pages conprise: (a) an adm nistration
page (b) womwarsg4 pages regarding particular lasers (c) sep@TA80VBH2pages
(d) error pages 11. A systemas in & aim 8 wherein said charts conpri se:

(a) chanber lifetinme charts (b) LNMcharts (c) Stabilization nodule charts
(d) Uptinme or downtinme charts (e) Mintenance related charts 12. A system
as in Caim1 wherein said comrmuni cati on network is the Internet WO

01/ 61514 PEY/ USQLLRRAERs in2Clafkd 1 Wha¥istsald @nminiChtednmelwohels @hninsaied

comuni cation network is an intranet system 14. A systemas in Caiml
wher esystgai d term nal server is an enbedded network card.

14. A system as in Claim 1 wherein said terminal server is an embedded

network card.



