PROCESSING INFORMATION MANAGEMENT IN A PLASMA
PROCESSING TOOL BACKGROUND OF THE INVENTION [Para 1] A
cluster tool may consist of one or more plasma-processing chambers (i.e.,
module) and other components to facilitate substrate processing. Each
plasma- processing chamber may have a plurality of transducers (i.e.,
sensors). Each transducer is able to detect specific process parameter (i.e.,
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interacts with data oWB&CKIGROIIRED b T ENVENERSINg (SP) data as a
substrate (i.e., wafer) is processed in a plasma-processing chamber.
Substrate processing data refers to two types of data (i.e., meta-data and
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temperature, pressure, gas flow, etc. [Para 4] To facilitate discussion, Fig. 1
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[Para 3] As discuss herein, data owner relates to a software interface that interacts
with a data source to collect data pertaining to a cluster tool and its sub-components. Data
source may include, but are not limited to, transducers that detect conditions of the cluster
tool or its sub-components. The data gathered by transducers are generally known as
process data. Also, data source may relate to pre-stored data (i.e., meta-data) that may
include information about a substrate or a process. Data may be collected when changes

occur in a plasma-processing chamber or periodically. Changes may include

increases/decreases in temperature, pressure, gas flow, etc.

[Para 4] To facilitate discussion, Fig. 1 shows how data flows from a cluster tool to
a database. In a cluster tool 102, data is collected by each data owner (104a, 104b, and
104c). The data that is collected by each data owner may be, for example, a name of a

data point, absolute timestamps when changes occur, and a value for each absolute



1 timestamp. For example, data owner 104a may be a software interface
that interacts with a transducer that detects changes in pressure. Thus, data
collected by data owner 104a may include pressure as the name of the data
point, absolute timestamps when pressure changes occur, and a pressure
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gathered, a database interface 106 is notified by data owner (i.e., 104a) via
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In the discussion about Fig. 2. [Para 7] Fig. 2 provides examples of tables
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processing conditions, the user may first have to determine when the
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olute timestamp (i.e.. 202a gr 202b) at which time the substrate entered
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208 stores data about step number, and table 210 stores data about pressure.

[Para 8] Since the data collected is not specific to a substrate, a user may have a
difficult time reconstructing processing conditions for a specific substrate when an issue
arises. To reconstruct the processing conditions, the user may first have to determine
when the substrate entered a plasma-processing chamber. Once the user has the absolute
timestamp (i.e., 202a or 202b) at which time the substrate entered the plasma-processing
chamber, the user is then able to use that absolute timestamp to compare it against
absolute timestamps (i.e., 204a, 204b, 206a, 206b, 208a, 208b, 208c, 208d, 208e, 210a,
210b, 210c, 210d, 210e, 210f, 210g) on the other tables. However, the absolute
timestamps on the other tables may not produce a perfect match. A reason for a lack of a
perfect match may relate to how data stored on each of the tables is collected when there is

a change in a processing parameter.



210b, 210c, 210d, 210e, 210f, 210g) on the other tables. However, the
absolute timestamps on the other tables may not produce a perfect match. A
reason for a lack of a perfect match may relate to how data stored on each
of the tables is collected when there is a change in a processing parameter.
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timestamps on the pressure table because the pressure for substrate A is
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other tables. In some situations, the user is able to extract the relevant
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does not match any of the absglute timestamps on pressure table 210.
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e range (i.e., actual pressure value falls
Under that 51tuat10n the user may have to 1nterp01ate based on values corresponding to the
absolute timestamps that exist on the tables. For example, absolute timestamp 202a does
not match any of the absolute timestamps on pressure table 210. Instead absolute
timestamp 202a falls between absolute timestamp 210b and absolute timestamp 210c.

Even though the user may be able to determine the range (i.e., actual pressure value falls

between 59 and 68 millitorrs), the user may find it difficult to determine an actual value.

[Para 12] There are several problems with the current methods for collecting data
from a cluster tool. First, data may not always be readily accessible since the data may be
stored locally on a cluster tool or on a network server. To retrieve the data, a user may

need to have access to the cluster tool or network server.

[Para 13] Second, data is currently collected on a time slide, grouped by data owners,
and is stored on the database as individual tables. For example, data about pressure is

stored together on a single table whereas data about gas flow is stored on a different table.
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between 59 and 68 millitorrs), the user may find it difficult to determine an
actual value. [Para 12] There are several problems with the current methods
for collecting data from a cluster tool. First, data may not always be readily
accessible since the data may be stored locally on a cluster tool or on a
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cluster tool or network server. [Para 13] Second, data is currently collected
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Third, due to the way data Is stored, a user may not be able to automatically
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occurred since the user may have to synchronize the data on the various
tables. As a result, the accuracy and quality of the data may be lacking.
SUMMARY OF INVENTION [Para 15] The invention relates, in an

embodiment, to a computéHMMI/éﬁ?é EdNYERRBYRor managing substrate
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takgs plurality of process data streams are being collected in accordance to one of a first
methodology and a second methodology. The first methodology represents data collection
that is periodic in time. The second methodology represents data collection that takes
place when predefined events occur. The method also includes storing the individual data
items associated with the plurality of process data streams in a single file. The single file

stores only the substrate process data pertaining to a single recipe that is employed to

process the substrate.

[Para 16] In yet another embodiment, the invention relates to a computer-
implemented method for managing substrate processing data. The substrate processing
data is acquired while a substrate is processed in a plasma-processing chamber of a cluster
tool. The method includes receiving meta-data associated with the substrate. The meta-
data identifies a process recipe employed to process the substrate. The method further

includes receiving from a plurality of transducers a plurality of process data streams, each



place when predefined events occur. The method also includes storing the

individual data items associated with the plurality of process data streams in
a single file. The single file stores only the substrate process data pertaining
to a single recipe that is employed to process the substrate. [Para 16] In yet
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BRIEF DESCRIPTION OF THE DRAWINGS

[Para 18] The present invention is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings and in which like reference

numerals refer to similar elements and in which:

[Para 19] Fig. 1 shows, in the prior art, how data flows from a cluster tool to a
database.
[Para 20] Fig. 2 shows, in the prior art, example of tables that may exist in a database.

Each table stores data about a specific process parameter or meta-data.



other recipes. The single file is also not employed for storing substrate
process data associated with other substrates. BRIEF DESCRIPTION OF
THE DRAWINGS [Para 18] The present invention is illustrated by way of
example, and not by way of limitation, in the figures of the accompanying
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In which: [Para’19] Fig. 1 shows, in the prior art, how data flows from a
erisismo sl toaskidihbase. [Para 20] Fig. 2 shows, in the prior art, example of

bles_ that may exjst in a database. Each t t:ﬂg.stores data about a specific
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file. [Para 22] Fig. 4A shows, in an embodiment of the invention, indexes of
IRaRAdIAl dabigittPhdhovisaih arcHRRO¢ BB QS ehpraYaS Fgrasssigwatan an
gr¥ardiment of the invention, a processing data hierarchy. [Para 24] Fig. 5
shows, in an embodiment of the invention, an overall view of the process.
DRTAMED DESGRHATION1OENBMBMD] MEN TS {Réwe, 26 pTdrel preseot the
g}g%ggon will now be described in detail with reference to a few
mbodiments thereof as illustrated in the accompanying drawings. In the
following description, numerous specific details are set forth in order to
provide a thorou%)h understandin%r['%f thelgpresent invention. It will be

apparent, howev rET@HTFé)sQﬁéﬁ the? Qﬁﬁ%ﬁ@ﬁ%@gﬁrﬁnvention may

be practiced without some or all of these specific details. In other instances,
Warxadlvn ploeasesene Py e Hroetubesieravbeddn deleH voeseripisacnto a
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Variqus embodiments are described hereinbelow, including methods and
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anticteamafing of the present invention. It will be apparent, however, to one skilled in the
art, that the present invention may be practiced without some or all of these specific
details. In other instances, well known process steps and/or structures have not been

described in detail in order to not unnecessarily obscure the present invention.

[Para 26] Various embodiments are described hereinbelow, including methods and
techniques. It should be kept in mind that the invention might also cover articles of
manufacture that includes a computer readable medium on which computer-readable
instructions for carrying out embodiments of the inventive technique are stored. The
computer readable medium may include, for example, semiconductor, magnetic, opto-
magnetic, optical, or other forms of computer readable medium for storing computer
readable code. Further, the invention may also cover apparatuses for practicing
embodiments of the invention. Such apparatus may include circuits, dedicated and/or
programmable, to carry out tasks pertaining to embodiments of the invention. Examples
of such apparatus include a general-purpose computer and/or a dedicated computing
device when appropriately programmed and may include a combination of a
computer/computing device and dedicated/programmable circuits adapted for the various

tasks pertaining to embodiments of the invention.



manufacture that includes a computer readable medium on which
computer-readable instructions for carrying out embodiments of the inventive
technique are stored. The computer readable medium may include, for
example, semiconductor, magnetic, opto- magnetic, optical, or other forms of
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Invention may also cover apparatuses for practicing embodiments of the
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embodiments of the invention.© [Para 27] In accordance with embodiments
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daias Individyah dataiitemsdramigsainglevigipe that is employed to process a
single substrate are stored as a single file. The single file is uploaded to a
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receives a plurality of process data streams. Each of the process data streams pertains to a
process parameter (i.e., pressure, temperature, step number, etc.) that is monitored.
Process data associated with each of the plurality of process data streams for a substrate of
a single recipe are collected and stored as a single file. Also, on the single file is the meta-

data that is collected by the cluster tool for that specific substrate undergoing that specific

recipe.

[Para 30] In an embodiment of the invention, the methodology used to collect
individual data items may be either synchronous or asynchronous. The methodology is
synchronous if individual data items are collected periodic in time. For example, a
transducer may be scheduled to receive process data streams at a specific interval (i.e.,
every ten seconds) regardless of activities. The methodology is asynchronous if individual
data items are collected upon occurrence of predefined events (such as a change in a

process parameter).



[Para 29] For example, a substrate is etched in a plasma-processing

chamber of a cluster tool. In the plasma-processing chamber, there is a
plurality of transducers that receives a plurality of process data streams.
Each of the process data streams pertains to a process parameter (i.e.,
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associated with each of the plurality of process data streams for a substrate
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i@plift.e., every ten seconds) regardless of activities. The methodology is

nchronous if indiyid data items are cqllected n occurrence of
A o o e L R SRS R S0y 19 st
Bheni demkmlt dmmmB oolegtedmaytbe SIOMS).ad adsingle file e diMS
IQ%%'H&Q!%@A%B?F.g%{%%etsoi%&?@éﬁ 8’@5%%%9 Q&@f%&%&&%ﬂﬁaﬁfﬁ&g%ﬁn@ to

.smgl'e recipe yse process a su strate. In an embodiment o ' ]
indeidish datsimghe MeckhmpuRipvadedemRedaimandiBdessidrringle file

EOMRKUETVE @1aBRVRIhRS MSHBSH AR S MQRessRH to enable a user to
monitor for process irregularities. In another embodiment of the invention, a

(s‘ﬂm'yleﬁile mahbachpleakedde inprocess tolitidldemputenafidich sihgle the
{E&'\%SJﬁrd%t%%?ﬁ}{%%é‘é‘esar e@%%g%jﬁ%%%é”%h% %éﬁ@i‘.’%‘yeﬂégﬁﬂg the
process control computer, the single file is ma aged by an equipmerit
infoyiaetl shataiianeg e rashissytedimesilyl Shtamsigflisddualatita dicans, relatexi koS siggle
anbiniacaee el nanroerindividudl ¢als itesnsmang difeeiS £ WicasiRRs ct

relating to individual data items to relevant party(s). In an embodiment, an

B EEHELREH TR S e B archive database, which may be a relational

W&?{?ﬁ"f' [P&?ﬁ% FRhlRe ARG dalRbashindRre s iR dvduRldatg,fems,
which aflows the

hierarchy. The process data hierarchy includes files stored as leaf nodes in a tree-like
storage arrangement (i.e., file directory). The tree-like storage arrangement makes

navigation among the files more accessible for a user when files need to be retrieved.

[Para 35] In another embodiment, an EIMS also notifies an application when specific
individual data items, which an application has requested for, are available. The EIMS
may also compress and push the individual data items to the application when the

individual data items have been stored and indexed on an archive database.

[Para 36] The EIMS may also provide the individual data items to a customer
application. Prior to pushing the individual data items to the customer application, the
EIMS may send the individual data items to a data adapter to translate individual data
items into a format that is suitable for use by the customer application. As discussed
herein, a data adapter is a software interface that reformats individual data items into

specific format as requested by the customer application.



individual data items to be searched quickly in subsequent searches. By
indexing the individual data items, a user is able to easily obtain individual
data items related to a single substrate of a single recipe without having to
go through a multitude of steps to reconstruct the substrate processing

poniropment1Paa R4 The ARMEARIRRARE AlSAMIPpaR MK single-fig o a

rocessing data hierarchy. The process data hierarch%_/ includes files stored

QYearbRsasE of thednHeatistoyeVarkartsHient (Peciificireaio)y. irAesded
teenlikpstaniage BlEARIRMEST Pakes RaNigaionsiBianehtisifilesHnaie of
acgessible for a user when files need to he retrie ara 35] In another
ety Gh S e R e
dadalitebas; wirtichcamagplicahah has bedoestdoricr claseamilableaniiel & IMS

A% AlEeSomPI SRR AN aQ}ﬁ%tHQ&é’s'ﬁq%’E‘i’l'dﬁlbgﬁfﬁ‘ HEE e 510 BIGAI e,

when the individual data items have been stored and indexed on an archive
et dses uipHrée 36PrPRes EVIsdividyd Idy previtiareelipeiRddnasipaed femytela
gustomer application. Prior to pushing the individual data items to the
customer application, the EIMS may send the individual data items to a data
Htajpatd8lto trarisidteatndivicaethclateodtdens notdiedfdumasitiyd fdsisitablgbtr fose

ng;as &Hst@égﬁ&&@@g&i&%i%r@ﬁtgﬁsgkﬁ%@ @9&%&%&%&9&@%&@(3%%%3

ftware Ints rfa(;et at re'for ts individual data items into speci at as
rad eshdbepydivideilstaimserappilicdtio fT@ e PRI T FTBdeitatefi Semsdisie,

the dallewing exampiB i de s dTPNRIVIRYS efahovhembedine s RlithRual
invention may work. Assume a specific substrate file is needed by an

APt e A IR PSSR PR IRR SV Ry B thg what type of
(digg! daig jlems %‘ne 2RRl %%'8&1?&?%‘?&?%‘1 E-ﬁTrQ(%E'M Henfonards
e request to a database intertace module, which may be located on a
ElMdbeiends thralerivih teshes shibbwdatislis] daia ddronto 2 preliveadpedesssiy
‘&Rﬁm@a&%&t&&%@%&%é&bﬁl@m@@éﬁ?@- dﬁ@aiiﬁd&s@%t&aﬁpi&ed, the

rocessed, individual data items are collected and stored on a single file.
&‘Mﬁ ngsifien they apRH Ui e srbAd %dhvdﬁ%&%ﬁdf%iﬁrﬁlévﬁ?@?%e and
avsiitaite iamppicachdpishateroceadcoditalicom putes appiedatabasehidaiface

1nc1)9,'1!,£% Wscrgar@/%’l?s “the individual data items to a customer application in a format
that is usable by the customer application. To convert the individual data items into a
format that the customer application is able to use, the individual data items may first go

through a data adapter.

[Para 40] The features and advantages of the present invention may be better
understood with reference to the figures and discussions that follow. Fig. 3 shows, in an
embodiment of the invention, an example of individual data items in a single file. A file

300 includes individual data items that may be process data or meta-data.

[Para 41] Individual data items may include substrate id 302 (the id of the substrate),
lot id 304 (substrates are grouped together using the same recipe), OCR id 306 (serial
number on a substrate), notch angle 308 (number on a substrate that is used to align
substrate the same way for every steps throughout a single recipe), recipe start time 310
(time a process begins) and recipe end time 312 (time a process ends). Individual data

items may further include step number 314, a pressure 316, and a gas flow 318.
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and push the individual data items onto the process control computer. At the
same time, the database interface module may notify the EIMS that a single
file with the individual data items, which has been requested by the

application, has been created. [Para 39] Once the single file has been written

[P4RLHOCESFEADHOLLOMAHIET: RGN RAFACRIGIIEANE RUShes the

Individual data items to an archive database. The archive database stores

BINGSHRERE RS EThgréafiNe ORcBRRxiY Axalebseiker theh Bavrs!HbisiEae
th@@&pli&at'mﬁﬁbaﬁ,tﬁ@@Ifgquﬁshm,iadgfiﬂg@iddﬁftmitamﬁeaée@aau&hlﬁlamm

EIMS may compress a ush the jndividua).data items_to the applicatio t
B e B e WS, A SRR g
apibiicetioh ifter foemaipthatrisiosabie byl thdcustoraet @licdfionTsTd dongert
tha ndividyal. aata eips e @nlaimebied e CHRIQmEl aBR AL IS &RlE to

use, the individual %Jlata items may first go through a data adapter. [Para 40]
e fEfire8 A aldvhishige Pisrite ghessditoeAtiBlorag 1@ Hrtstative time
uhreerstood with reference to the figures and discussions that follow. Fig. 3
shows, in an embodiment of the invention, an example of individual data
[ans 48]a singtenfietihdileb300 imdiided ihdividuantathdietis ttpenagidgly or

gﬂ%ﬁ%ﬁ g %1%%%3‘3&‘@ eﬂzéﬁh%)cf‘e"x]elﬂgi@%k%ﬁ TGS MY IR HYEmore

ubstrate id 302 (the id of the substrate tid 304 (substrates are grouped
eeticlaissinglivsted megwedios) 3OCRIPBOB Al Hintpampls dlstdtnate),
pRICh Analedas awnbenand sebstatedhatdgsusedsienalian sphsieade the

same Wa)i)for every steps throughout a single recipe), recipe start time 310

AR LS HUE R ALAREy HRE YaK P time 312 (time a process ends).
vidyal data ,ite : include st mber re 316

P T T e S SRS A S

fteledies datagholile (i e tjpaeoil proeededioararnesss yoralakicamiieritne fyam

%Hégs@n‘a@|b@s§§§@%@ﬁ%&ﬂ%@eﬁ%ﬁéﬂmﬁmﬁaﬂ IR VRImE VRS INRIE BT ve
pressure 316, at O time interval (at the recipe start time), the value at 0 time

RXERosT Asdnslearf Rl e gD HRrsRingo YRRy daidr Eppsaved

o lizecohics @ftaratleenschpatstadtitimeaetlike valuehaswhangadite. GBrectory),
'vTv'l'llfc':tt%'if" Takin Tecipe start time t%él(gﬂ(:rsgmpe start time is 10:04:38:070), the
User is able to calculate the

[Para 45] To facilitate discussion, Fig. 4A shows, in an embodiment of the invention,
indexes of individual data items on an archive database. The indexes shown are examples
and are not meant to be all inclusive of the possible indexes that may exist in the archive
database. Index 404 includes individual data items about substrate id and file id. Index
410 includes individual data items about OCR id and file id. Index 416 includes

individual data items about file id, start time, end time, and file path.

[Para 46] For example, a user queries an archive database to retrieve a file related to
substrate123. Since individual data items stored on the archive database is indexed, the
system is able to quickly determine that substrate123 has a file id of 6, which is stored at
the following path: Archive/tooll/modulel/filetypeA/1-11-05/file2. In another example, a
user queries an archive database to locate files related to substrate124. Since the archive
database is an indexed database, the system is able to quickly locate 3 file ids related to

this single substrate.
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time (10:04:38:270) at which the pressure changed to 68 millitorrs given the
relative time interval. [Para 43] As mentioned above, individual data items
may be collected periodically or they may be collected due to predefined
events. The example in Fig. 3 shows that more process data is collected for

Bo-H19w 318 H1an ReSTHIG 310, LIS SXAImAIA AURHAICS RGeS H AR R ASING

coIIected due to predefined events (such as changes to process parameters)

Hha Toethie slrgechfsiiite MBRAIAEPERY BoVeIRaRs dtial stE rdarsnine efetish
fsl §ﬂ@l@|@(§dﬂhgtﬁ@€te or exsingle msa@iaarm }ﬁgfﬁgnzﬁ?ﬂe‘ﬂl ngiecfilgcd hegmmbe "
e 1S 1oa to a ess control co uter and fro y e st re
O R S e R T P S S B e A
éitesimd exaabmfmmmw effectivet §barshihiyeAtsb/incividusilldznpastdma-
5348 PMNERHRDNRIIHPRATE TaYs 6 AL AR B84 1KGSIPp AR a-

arrangement (i.e., directory), which allows for visual organization of the files.

PG A qhomberitatdisecislSite FgchirehpRlaraduist/ dlshoament 96 tHE2)

Hﬂ»ﬂ&ﬂ'@i@fhe iﬂdﬁz&ﬁ&ﬂidﬁdi&iﬂyﬂirdﬂi&ﬂ%%ﬁ&&ﬁ@l@ﬂl @aghh\qﬁadai@pﬁﬁ@ssﬁge
indexes shﬁwn ar ﬁji?[%re not meant to be all inclusive of the

HERRSTein gg(ggr %{e Oé;? é’i‘t AV HRISHRSS IR S ROt s
mbbmsiﬂataﬂal%t&meo&tpﬂm%phs&aiegdn@akﬁdepcbcmdmg dhddbacludes

%\ﬂ%ﬁwﬁl&ou @%P%é QAR idyand file id. Index 416 includes individual

ata items a tart time, en tlme and file path. [Para 46] For

AR, A UBRECHSYIES AR Archive dalahase da miriexs Rdisds)alad iome

ubstrate 123. Since individual data items stored on the archive databa fe is

aeFs S Lyselapie g W liadiPHettne Bt shiBstraarlo s4a d e
idl 16x Witicheis Atorad/atolthiensallaifitppatis AicHISEHed] Hmaditede in the

’f"efg&% Nk 11192?1{”%%@%[‘ FROtET eXAL %‘%ﬁem‘%%ﬁfn% eriemanarchive
atabase to ocate es relat d to substrate mcet e archive database is

arpsatievedatidtinnashy (RO sYSeeieiaEbitstetquirkdyp Todaed Ut lescheldiethieo

s RingdlgsubstmaigrhOidRa At fidheeerigaiie ifs wplated doysuhstiate
124 because there are three different files for this single substrate. A
A P SR 1 O o R Ghvlielpry data Iog. and

maintenance data log.

[Para 49] At the grand-grand-parent level, the files are grouped by module ID (i.e.,
plasma-processing chamber). For example, a cluster tool has 4 plasma-processing
chambers. The files are grouped by which plasma-processing chambers handled the
processing. At the highest level (grand-grand-grand-parent level), the files are grouped

together by tool ID (cluster tool).

[Para 50] For example, substrate A has been processed by plasma-processing
chamber 1 of a Lam 2300 cluster tool on January 25, 2005. Meanwhile, on the same date,
substrate B has been processed by plasma-processing chamber 2 of the same Lam 2300
cluster tool. Thus, the single file created for substrate A is stored in the processing
database hierarchy under Lam 2300 (tool 1), plasma-processing chamber 1 (module 1),
procedure data log (file type), January 25, 2005 (date). While, the single file created for

substrate B is stored in the processing database hierarchy under Lam 2300 (tool 1),

11



is stored on the file. For example, substrate 124 has been etched twice, once
in plasma- processing chamber 1 and the other time in plasma-processing
chamber 2. As a result, two files are created for substratel24. The first file
(Archive/tooll/module I/filetypeA/l-12- 05/filet) provides the individual data

Bﬁ@?ﬁa{?fo‘é’&?fﬁ%&?ﬁﬁﬁ?eﬁez](&%dﬁ?éf Al 959&01%53%9 %@Wﬂ%ﬁr}%%@?zoos

second file (Archive/tooll/module2/filetypeA/1-12-05/file2) " provides

(éf%dual data items for when substrate 124 was in plasma-processing
gro%%ﬂjz Tllr'ule thlrdgflle for s%t])gtratel24 may belﬁ(mamtenance log that is

wHBA SBBISI SHES BBat ol g gh amaneement e

plasme-processihly ohanibpla s¢rchive/toohputer monitor) by a user employing a

HEO%‘QHL‘??{Jl@FXPe?‘I#Jé%%'\Q%H' &%&ﬁ%ﬁ@ ARMGI1RS M AlraLE rganzed JRig.

a processing data hierarchy, where the files are stored as leaf nodes in a

freugirBecrd e sheasgamidert msledidahisieviewiefilepath in index 416 (i.e.,

chive/tooll/module2/filetypeA/1-12-05/file3) is a leaf node in the tree-like
7 e s AN T e
prdeeissing date hiecariohyad20 chle itle Dhtie irstgroupeth Py daiee (parepivyed

! ADR-RR ' e iI1 S A yaf a

TR e R R ea N
aaner Riten) erasTees saAefa it metaticeadanisy. fpardividpal dgieitems to a file
giignd-grand-parent level, the files are grouped by module ID (i.e.,

plasma-processing chamber). For example, a cluster tool has 4
prasanzsprocessinghtohadnibers, dhe dilesardagrowpec oy anvhiaarface that
'%%%ﬁ'&{%ceé%é‘?gﬁr*‘c% Weirhangled }Eﬁ%hpr SERING: obingIgngs! level
grand-grand-grand-parent level), the files a e groupe togelt1her by tool ID
cerseensol PiRaase Rgriesiadsphat sishutdmigdias thasdprisdbasdaicsy

BiAAMBAR GRS SiRdeClavMRE oL iRf Ad-8smARRACIUSIe! {oakemdaniakIdR o
2005. Meanwhile, on the same date, substrate B has been processed by

BISSHE DB SaI B ¥ ABTHIE Y B R ARB PP HED CCh RS tS0l. Thus, the
?A%es‘%l‘f Cr?ﬁ%‘g it ;@?%éraég o Irsezis‘te%teci%tlzlnowr?epgﬁg%%ﬁﬁ& %aﬁ%? e module
ierarchy under Lam 230 ftoo 1), plasma-processing chamber 1 quIlIJ]Ie
198 proesbidrie dutdileg(fileatypssy Jariadry/Psn PORH(dhtk) npyiitalithe isipgice
fﬁs&aﬁ@%t%dfﬁ%v SHESLR B iasBtaredin the precassing databRes bigrarchn
under Lam 2300 (tool 12, ) , ) ] ) ,
514. In an embodiment of the invention, a single file may be loaded immediately to a real-
time process control computer. By uploading the single file as process data streams are
received, a user is able to monitor the process for irregularities. In another embodiment of
the invention, a single file may be uploaded to a process control computer after a single

recipe for a substrate has completed.

[Para 55] Meanwhile, interface module 508 may also notify an EIMS 522 via path
515 that a file has been created. For example, an application 540 needs a specific file.
Application 540 registers (534) with EIMS 522 the type of file that is needed. EIMS 522
then notifies interface module 508 that application 540 is waiting for a specific file. Once
the requested file is available, interface module 508 notifies EIMS 522 that a file has been

created.

12



11 plasma-processing chamber 2 (module 2), procedure data log (file type),
January 25, 2005 (date). [Para 51] In an embodiment of the invention, a
tree-like storage arrangement (i.e., directory) is navigable on a display
screen (i.e., computer monitor) by a user employing a navigation interface.

[ '8 92U QL IURHIAS S Bl WS {DEHS R RGN tEﬁ\iSeﬁ’zEK?aﬁqu&Qﬁ? 506 to be

arrangement and to choose any leaf node (file) for viewing. [Para 52] To
BEWEP (MBIORSEATAHShCTBPWRDN Hd £ s WofRaCH wiidwas srapleted,
empeimentiohtaginventiern1aravatalb viaw of thaipsuesssfssingladacipe

is employed t bstrate. While the single substrate i d
et st 205 T LB o S e A R
evittutriteOtive indiviclathbiesastéms taiilee 606 (Rer pi58}AFMEN R dshes
AROYE QQ&?alfl?l"%'ﬂgrtJ ARSIRASRIYALE 3@%92{3%(}'%&@1%5 APPRLAALH Wi gt

source to collect data pertaining to a cluster tool and its sub- components.
Dirahablitce3thigyr iR, but are not limited to, transducers that detect
ndi%’ﬁs of the cluster tool and/or jts sub-com%onent,s Data source may

te to' pHSSIPE 4 BEth A Al TR AhALSH SER PR Bstrate
oustoprocepiciRansd 4| diealfike GOGitkas hogbcpastied ppataequaseo5den the

&%’i@ﬁ%ﬁa‘?ﬁé{yﬁ%ﬁ]&%@P@e‘ﬂ!ﬁn%@c}ﬂ% Ra %%?éﬁl%tbfé'e% %1956;}9815&38&9%%‘8%

Upon receipt of the notification, interface module 508 may compress an
pusHng e OBl Ay rdte $6 8D HuBIStUhsp abeH SR it hahs 1Bdiyidypkgpta items

srabord e atafdgdrvsotion pausngle hie.maybesoadedinmediatelbade dat
real- time process control computer. By uploading the single file as process

Hars e s el R U B S B AS S EHE P8Rk Q16T the
indgideditias: feranbihebembaakitnedttbé ithikvidvantionitansingl@dilleedndy fpeh
Egﬁqgoclgg[ %81 a d%[%ﬁ?e?t% ¢ Mol computer after a single recipe for a substrate

as complete ara 55] Meanwhile, interface module 508 may also notify

pPakd hi@ 522 4Pt aﬁ%@cm@ﬁ@r_glﬁ ﬁ@%&@ﬁﬁhﬁ[@ﬁ%iﬁ@ﬁt@%ﬁﬁ@ lﬂv&ﬂion
%{})pllcatlon 540 needs a specific file. Application 540 registers (534) with

RIS I HREHAIS SRUSEHEH OB RS B3 e RS BtHRS taritind of
onadpden et thiateabidhc atéovn 5 Ay istovaigi hglfad eabpaaifienfdeh{Dpaeain to a single
recipe for a single substrate as a single file, a user is able to monitor a substrate for process
irregularities. Also, data analysis may be quicker since interpolation or synchronization is
not required. Further, a single file for individual data items related to a single recipe for a
single substrate allows for quicker reconstruction of a processing environment at a later
date. Additionally, a user is no longer burden with the challenge of separating unrelated

data from individual data items that a user may need to analyze problems related to a

specific substrate.

[Para 59] In addition, embodiments of the invention allow for individual data items to
be indexed, which enable for quicker searches. User is able to easily access the individual
data items without having to do multiple queries to pull relevant data. An embodiment of

the invention also allows for individual data items to be sent to a customer application in a

format that is suitable for the customer application’s needs.

[Para 60] While this invention has been described in terms of several embodiments,

there are alterations, permutations, and equivalents, which fall within the scope of this
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the requested file is available, interface module 508 notifies EIMS 522 that a
file has been created. 12 [Para 56] Once EIMS 522 receives the notification,
EIMS 522 waits for file 506 to be written to process control computer 518 as
file 516. Once the upload has completed, EIMS 522 reads and pushes file
AhEBP AR R A AEINEARNASR Rty ARRNE IR E A RRARS

the file and updates the indexes with the new individual data items collected.

B e Brchived dRpI L SOURISE A pIEEeH e it &3 f5f Btk aic o Rt dhat Size
PYIRIAS filsH &R Vidapaih Sk tprapplicatianddd0.as fie H28.a66 NelifiRsations,
application 540 vi %atllll 536 that file 538 is avay ble. [Para 57] At the same
ﬁﬁﬂ%,qié‘m “é‘zﬁ\r@y SO R & TS AR R TSER SRR B8 RS application
544. Individual data items may be pushed upon request or when the
individual data items meet certain specifications that have been
pre-programmed. Before pushing the individual data items to customer
application 544, the individual data items are sent to a data adapter 520 via
path 528. Data adapter 520 is a software interface that translates (i.e.,
reformats) individual data items to client's specifications. Once the individual
data items have been translated, the individual data items are pushed via
path 542 to customer application 544. [Para 58] As can be appreciated from
the foregoing, embodiments of the invention allow for individual data items to
be collected on a per substrate per recipe basis instead of on a parameter
time slide interval. By storing individual data items that pertain to a single
recipe for a single substrate as a single file, a user is able to monitor a
substrate for process irregularities. Also, data analysis may be quicker since
interpolation or synchronization is not required. Further, a single file for
individual data items related to a single recipe for a single substrate allows
for quicker reconstruction of a processing environment at a later date.
Additionally, a user is no longer burden with the challenge of separating
unrelated data from individual data items that a user may need to analyze
problems related to a specific substrate. [Para 59] In addition, embodiments
of the invention allow for individual data items to
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be indexed, which enable for quicker searches. User is able to easily access
the individual data items without having to do multiple queries to pull relevant
data. An embodiment of the invention also allows for individual data items to
be sent to a customer application ing {qRjat that is suitable for the customer
application's needs. [Para 60] While this mventlon has been described in
Waatis elebeedisi embodiments, there are alterations, permutations, and
equivalents, which fall within the scope of this 13 invention. It should also be

note that here are many alternative ways of implementing. the methods and
Lappa atag%ssta%tﬁrg%%géyﬁ TR O IRRHSTCR B REA SR Lo managing

0] en clal interpre e S ncludain S a
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permu thﬂS gné equwa ents a aTF In the rue Spll’lt an scope (0] '[]h

pRIGSERL Y SOHAN. fEQGhANR WY AL 'élféé&”&ﬁﬁ e Ind U SURFHRIR:

processing environment, a computer-implemented method for managing

substalawrecesalog data i daidrRYbalaRPeEesD Hala halngrcauiadwiile,
a substratglls processed in a plasma- frocessm g chamber of a cluster tool,

FHHBeHEtRBE O8mBISHY: r?é%’éuxdﬂﬁl%%‘l OGBIA AT RISHLY ‘e‘i?ffidentification of
said $mwager®ald phetditgd atarfosdhesricepiiifylitg of promsﬁmcs’peams: ployied
ess| i Str ro r t
G e L A R e
Hlf;h’@é}*ﬁb%@rtﬁiﬁlm@ 9 pFoeisd pakisneé RIpeRsnépimeFteare Beinggrligeiati data
item%iﬂrﬁ%%ﬁlgflﬁkqdﬁlﬂf@el’i%@ﬁﬁ%‘é@&%tg@%tﬁtéﬁ &%@%Ppﬂlﬁ@&@qﬁ%@gms
said individual data items associated with said plurality of process data
g8 AR% single table; storing said single table and said meta-data in a
smgletﬁimmtdl smg@iib&shﬂm@dﬁa -grestainingdle 6fdyssalidipleddssteipdata

and sali r?strat usm proce ntgol cpmputer to receive a registration
I"[all‘lll‘l Sal TOCES e arn Sal
Pfrom a app catlo sal Istration | entlelng a file type needed by said

applicatiart pe@ewmg}t@m@mwrgm@eeymmtwmpﬁm 23 mitlivestiorsaid

rdpdicating dbatisaid SH18IE pe needed by said application;

receiving, using said process control computer, a notification indicating that said single
file in accordance with said file type has been created;

writing said single file to a said process control computer as a written file;

updating indexes in a database with said individual data items;

after said updating, pushing said written file to said application as a pushed file via a
first path;

after said updating, notifying said application via a second path that said pushed file is
available;

receiving second meta-data that identifies said identification of said substrate, said
second meta-data further identifying a second process recipe employed for processing said
substrate; and

creating a second file for storing said second meta-data and a processing data set, said

processing data set resulted from processing said substrate using said second process recipe.

2. The method of claim 1 further comprising providing said individual data items

pertaining to said plurality of data streams substantially in real time to a real-time process
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file in accordance with said file type has been created; writing said single file
to a said process control computer as a written file; updating indexes in a
database with said individual data items; after said updating, pushing said

céﬁﬂ%?@ofﬂﬁutt%rsé‘elﬁj?Qﬁ'lﬁﬂ&'g%@&&%&&%&ﬁﬁ@%@ﬂg Shinfitheash é?ége said

updating, notifying said application via a second path that said pushed file is
ll’d«‘/‘éﬂablléa‘i%ﬁ‘é‘mr‘@éééﬁﬁd%f&tfdlét@‘?ﬁ"a?ﬁ?ééﬂﬁlﬂfégt%fﬁflH@ﬁﬁ?'ﬁcﬁ{%ﬁl@?%d
substrate, said second meta-data further identifying a second process recipe

empl ed fo sin gsubstrate and. crea ga ond file for

Sl by e R e e NS
ddabassetaidsuited; fremdmg cessipgasdidBuldstlateuseng aeadcse@cbwdlpmdqssrality
of 5182 B 0GHTEA 0 937 s gapmprising providing said ndividual

data items pertaining to said plurality of data streams substantially in real
time to a real-time process 15 control computer, said real-time process

4contreheonamdiesging configiradiiisnalyzanaid dndividual dattiamsineisnce

said substrate is processed to monitor for process irregularities. 3. The
G BPEIERIAS iafﬂ PR HNSRYRENGS SRS S AR L OFirsipe has

belatabaptshid storing including storing said individual data items associated
with said plurality of data streams in a single file of said archive database. 4.
The method of claim 1 further comprising creating a third file for storing a

SmaintEitametobghwiaeh bfsteysingraitngnlsstrasaisimgledite priscepwsetipe data
and said second process recipe has been completed. 5. The method of

higiasighy: ﬁ&}ﬁﬁP@éﬁeﬁgﬁw@tﬁ&eﬁ% %‘&f&’%ﬂfbﬂé‘ﬁ%sfﬁfﬁ%b}%?éé@gﬁfdrdﬁféee -like
hierarchy, said essm data hierarch stotr?d as leaf
e TR OB SR ARSI Gt TG e
fil tI | of said fjl
RS M R A

aﬁﬁ%@ﬁﬁf&%&é@é}ﬁ PLARN-gF % %@B&ﬂ&%%@l%@'&ﬂ'?ﬁe 6. The method Of

claim 5 wherein said tree-like s orage arrangement is navigable on a

6. The method of claim 5 wherein said tree-like storage arrangement is navigable on a
display screen by a user employing a navigation interface, said navigation interface permitting
said user to view said tree-like storage arrangement and to select any of said leaf nodes for

viewing.

7. The method of claim 1 further comprising compressing said single file prior to said

pushing.

8. The method of claim 1 further comprising furnishing said substrate process data to a
customer application, said furnishing further including translating said single file into a format

suitable for use by said customer application.

9. In a substrate processing environment, a computer-implemented method for managing
substrate processing data, said substrate processing data being acquired while a substrate is

processed in a plasma-processing chamber of a cluster tool, the method comprising:
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display screen by a user employing a navigation interface, said navigation
interface permitting said user to view said tree-like storage arrangement and
to select any of said leaf nodes for viewing. 7. The method of claim 1 further
CompISIAG FOMRISERINGLAAICSINGIR (SRR (83l URR IS, O DRe
of claim 1 further comprising furnishing said substrate process data to'a
Prgsto fsePa spIRatRsHoORIRs Fi FihiBSHAer including translating said single

f||eb|ni@c&\fﬁf@ﬁ&lﬁuﬂﬁm&m{eﬁﬁ%&%ﬁﬂi@ w&&qﬂwgsﬁﬁp&@amd &?]gnﬁmtored,
su strate process onment, a com implemented method for
manayi lﬂggﬁ‘é%ﬂi]tgdﬁlr%é P?alaé{}g Sé%ﬁg ﬁ%trate processing data being
acquiceglofiile assuldstibt foisstpringassbdniglatirsma spid cessitgackambeglofile
o8 ElBIRLPR) (s MeIe oIR8 QIREIMIA MALR GAlB IR MG e

said strate, said meta-data further identifying a process recipe empl
kg proeegRoyaftieBetizgsUPsEalR/MgTRididichisaitieHETHE PERaTAMGAES:

a-prog@ss PpreurRiesae gmediiered: »iarag saibindbdduphdatadiems.ia

a smgle table; emp Iofyln a single file for storing said single table and said
oYY hdegﬂféflgﬁw% USIPHEIERIIS R fBPUSAHAY substrate process data

assoctatednyithsoip eridgeipess saidgdinglebile, alsaificitempldpednfprhatoniigingle
ﬁ%“%%“é?&?d&@g%%gQE?fﬁé g‘}é%'%ta%doggﬁ*&%%?%f substrates; using a process

contro computer to recelv reglstratlon rom an appllcatlon said

registiationg raehtingledize fitert3pid Meeate dopy Jaienapitictivrecrsddighg, using

said Qljﬁﬁﬁﬁg rREkQlicARYHte & NRtficatien indicalingdhat said single file in
accordance with said file type has been created; writing said single file to a

said BHSESEY SBAtF B BHPUREFAL W LisedHE e RARAG ek REshd file via a

flm;aiﬂasm&vnh said individual data items; after said updating, pushlng said

writte tglresg cpatl g :li%apgllgggf’lc?n% ﬁlcafj ofllll%lwas%cﬂrigg%tni sl ft E} = l[ﬂe is

updatlng noti ng S a a secon pat that said pus lle'is
agpthibdble.
10.  The method of claim 9 further comprising providing said individual data items

pertaining to said plurality of data streams substantially in real time to a real-time process
control computer, said real-time process control computer being configured to analyze said

individual data items while said substrate is processed to monitor for process irregularities.

11.  The method of claim 9 further comprising storing said single file into an archive
database, said storing including storing said individual data items associated with said plurality

of data streams in a single file of said archive database.

12.  The method of claim 9 further comprising creating a log file for storing a maintenance

log when processing said substrate has using said process recipe has been completed.

13.  The method of claim 9 further comprising placing said single file into a processing data
hierarchy, said processing data hierarchy comprising files stored as leaf nodes in a tree-like

storage arrangement, wherein date represents a parent level of said files, file types represent a
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10. The method of claim 9 further comprising providing said individual data
items pertaining to said plurality of data streams substantially in real time to
a real-time process control computer, said real-time process control
EAMPHIGE ReINg LORTIGHEd IR ARRYZR SRIALINAIVIGHAHC Lﬁdiﬁ%i’\{@ua §Adia
substrate is processed to monitor for process irregularities. 11. The method
fiRdsClaimod U REARASINg:StaLl %é%&ﬂ%%ﬁﬂ%%ﬁ%%ﬁrﬁmye database,
said storing including storing said individual data items associated with said
plurality of data streams in a single file of said archive database. 12. The
nethogof lain o fuhey comprising preatind 8 og fl 101 SIOMNA &, e on
maintenance (fog when processing Said substraté a8 48 g said process
dispdipedies been somplbtethglBnahe me tinou afec sith B figther toenjoeisirpgmitting
ssﬁlﬁ%&%@i%ﬁﬁ%réﬂ%@?t@r@@&?éﬁ%@&&ﬁ%dﬁk%@i@i@Xn Bt pracessiagdata
hierarchy comprising files stored as leaf nodes in a tree-like storage
Vardtfgement, wherein date represents a parent level of said files, file types
represent a 17 grand-parent level of said files, module IDs representing a
rand-grand-parent leve| of said files, and tool IDs representing a o
Gt 0 T U P R B ARG O dfapyation.
savhpreinlisgithtree-likdustogage pressngesnidrvingle élegabieto frans ohisilay serelen
aﬁMi@aHﬁﬁ.r employing a navigation interface, said navigation interface
permitting said user to view said tree-like storage arrangement and to select
any of said leaf nodes for viewing. 15. The method of claim 9 further

160MprigingeHQYtdipgi sricksingle figptaial RPRIEMICAId SabdtRie YEiRgstHEigh to a
includin%ﬁﬁgmg)ressi?% sajctaf?}ig?letﬁle. rlllor.to traniggitting.ao s%\g igfl{cati n. .
YR PRUEHR TG IR Be il Anlating i Bl ifadarc @ forma
sprade$singedataaid eusoustorpptiepplication, said furnishing further including
translating said single file into a format suitable for use by said customer
application. 17. A method for processing at least a substrate in a plasma
Ihroceddisgagd6e rogses e thasCoHPHEISg N reRleNMag PRt B A EaY the method
chigntifigs an identification of said substrate, said meta-data further identifying
a first process recipe employed for processing. said. substrate in a first
I ce?ving meta-data thae id%ngffes a% ? ent1 ica%on (g seﬁ& substrate, sagd meta-data
further identifying a first process recipe employed for processing said substrate in a first
plasma processing chamber;
receiving data items pertaining to process parameters monitored when said substrate is
processed in said plasma processing chamber with said first process recipe;
storing said meta-data and said data items in a single file, said single file not employed
for storing substrate process data associated with other process recipes, said single file also not
employed for storing substrate process data associated with other substrates;
using a process control computer to receive a registration from an application, said
registration identifying a file type needed by said application;
receiving, using said process control computer, a notification indicating that said single
file in accordance with said file type has been created;

writing said single file to said process control computer as a written file;

updating indexes in a database with said data items;
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plasma processing chamber; receiving data items pertaining to process

parameters monitored when said substrate is processed in said plasma

processing chamber with said first process recipe; storing said meta-data and
said data items,in s Rdififilessaid:aibgiadile 0es soniover Jlor S19MGie via o
substrate process data associated with other process recipes, said single file
figiserAe e mployed for storing substrate process data associated with other

SUDSHALRSIdSIPE AR AGESHA COMTOLSAMBRIILT 10 J CSRINE FAHREIS EEIGH SFeddd s
application, said registration identifying a file type needed by said
a‘é%%%i%ition; receiving, using said process control computer, a notification
indicating that said single file in accordance with said file type has been

lg_'reat%gé\ﬁﬁg{m gﬁ'&qiaﬁjrpg;eﬁjpt%etpcgﬁj LRIogess control computer as a written

file; updating indexes In a database with said data items; 18 O after said
updatftf§ PR AN ang tavrAttahlddendbisd wibikaribisaiongiaeyieigasaid
sdistdatha-and aiteesaichiRsatings Jatifyiog: said pRRIGAION i ars@sond fath
that said pushed file is available. 18. The method of claim 17 further
S Fiiriy orRE IR aLEB R Hhe (I HRRS tHA identifies said identification of
said subsingtessaid seglorfdafietswata hidhenidantifyitgeaséeqnetprocedsta set,
4815 Poeceesrﬂﬁ)éo%?g sL?'ﬂ%{&%%%%ﬂg %gégss%l béz%? g%ﬂg}r% g %C%”s%iﬁ'é‘e%%‘nad ocess recipe
processing chamber; and creatr%g a second single {‘lle for storing sald secon
inyeithserapdahrarecessigrritdSet, said processing data set resulted from
processing said substrate with said second process recipe in said second
lasma processing chamber. 19. The method of claim 17 further comprising
1§singT§]§i81%‘hS’ U IR 1 EBRTD GRESS AR BFPAEE 18T GlS MRSt
naiylicatiosinaecs dulkl enaf aald e dype. RedThélmetkad ok algen 17 further
comprising providing said data items to a customer application at the same

time of performing said pushing and said notifying. 19
20.  The method of claim 17 further comprising providing said data items to a customer

application at the same time of performing said pushing and said notifying.
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