METHOD FOR DATA COLLECTI ON DURI NG MANUFACTURI NG PROCESSES BACKGROUND OF
THE I NVENTION (1) Field of the invention. The invention relates to a nethod
for data collection, and nore specifically to a method for data collection
during manufacturing processes that will result inrelief of |oad on the
host and on the manufacturing equipnent. (2) Description of the Prior Art.

| npl enenti ng advanced process control (APC) has inposed a heavy | oad on
both the host system and the equi pnment controller. In APC, a nodel is

built to andgZEHOD F@RS[BAWASCGEIL@CT!DNWRINWW@FA@TWRI@?RFQQE%E t
epen

when a fault is detected. The reliability of the control node S on
the accuracy and the consistency of the data collected. Tine series data
can be collected in two ways: 1) Trace data - A nethod of data collection

in which equi pnent is set - def. t of data at a preset
interval. The m ni numt racegﬂpﬁgmgﬁﬁgpmg&\égﬁg@@i ng the trace data

collection nethod. 2) Polling - A nethod of data collection in which the
host is set up to request a pre-defined set of data at a preset interval.
Usi ng thiﬁ met Eogd?@ﬁ sub-second interval (0.5 second) can be achieved. 1
Both of the abb¥ AEfeild¥EHO8at a col | ection methods i npose | oading on
ei ther the equi Rmant trace data) or the host (polling) when tinme series
data col | ecti ohN¢ §IVEREGN eelatesrie agaethod 6o dataicoliedtiom, aak esorespecificelysions
resources of either the equi pnent or the host.

method for data collection during manufacturing processes that will result in relief of

load on the host and on the manufacturing equipment.

(2)  Description of the Prior Art.

Implementing advanced process control (APC) has imposed a heavy
load on both the host system and the equipment controller. In APC, a model
is built to analyze time series data in real-time and to generate an alert when
a fault is detected. The reliability of the control mode! depends on the

accuracy and the consistency of the data collected.

Time series data can be collected in two ways:

1) Trace data — A method of data collection in which equipment is set
up to send a pre-defined set of data at a preset interval. The minimum trace
interval is one second using the trace data collection method.

2) Polling - A method of data collection in which the host is set up to
request a pre-defined set of data at a preset interval. Using this method, a

sub-second interval (0.5 second) can be achieved.



U S. Patent 6,070,196 to Mullen, Jr. discloses a protocol converter
controller having distributed architecture. U S. Patent 6,532,434, to West
descri bes a nodul ar data sensing and | ogging system A control nodul e
interfaces between a host conputer and data acqui sition nodul es.

I nternational Patent Publication WO 01/52320 A2 to Coss, Jr. et al

descri bes an Advanced Process Control (APC) systemthat includes a nethod
for an operator to request trace data reports froma fabrication tool via

a report  geneBafasf thobBsi@aRNth& dE@t@ﬂbctﬁﬁ%b%rdis%xg%QQﬁfagﬂ%W.M Al to

Tripathi et al shows a device and nethod for conmunicating data in a

Pr oCess. conbitfr (18%8RForBaclBhENbr oAt AR v fifle slfies t caches a

general purpose data conmunications protoc verter. Pat ent

6, 708, 074 L al i scl-gse ric interface builder used to add
tool s or g%/tgtcghrlrlgdﬁ%] Ig enggfrfla?i i a;II€h %z@%gﬁgﬁ‘%ﬁ'g@ﬁ?ﬁ Paﬁf SWHBHESUES,  pat ent
6,721,618 tq Baek _ et al k6 teaches a stem and nmethod for automatically
generatinbeséﬁgsr?égggﬁre@e%fprﬁerﬁr%i%%éogontroI system U.S. Patent

6,556,881 to MIler shows an apparatus and a process for integrating
real -time fault detection into an APC framework. U S. Patent Application
2004/ 0040001 to MIler et al teaches a nethod to predict device electrical

par anet ers durV sy RaaentiGatq, 496 taVislien. Jradietioss; 535t06d donvadtéd er et  al
t eaches processing of sensor data froma process tool in an APC system

U. S. Pat eentrdroflerhsyiagdistribuBed architectued. dlS. Ratehtas, 538,4308totWeSonder man et al
di scl ose a nethod and apparatus for fault detection of a processing tool
in an APGiesgsibesmn risbfdV@RYatersehbingldNdEDTditHNsystem. A control module

interfaces between a host computer and data acquisition modules.

International Patent Publication WO 01/52320 A2 to Coss, Jr. et al describes

an Advanced Process Control (APC) system that includes a method for an

operator to request trace data reports from a fabrication tool via a report

generator interface. U.S. Patent Application 2003/0083754 A1 to Tripathi et

al shows a device and method for communicating data in a process control

system. U.S. Patent 6,208,904 to Mullen, Jr. teaches a general purpose

data communications protocol converter, U. S. Patent 6,708,074 to Chi et al

discloses a generic interface builder used to add tools or systems to a

centralized manufacturing system. U.S. Patent 6,721 ,6?8 to Baek et al

teaches a system and method for automatically generating SECS messages

for a process control system. U.S. Patent 6,556,881 to Miller shows an

apparatus and a process for integrating real-time fault detection into an APC

framework. U.S. Patent Application 2004/0040001 to Miller et al teaches a

method to predict device electrical parameters during fabrication. U.S.



It is the primary objective of the present invention to inprove the speed
and consistency of data collection in a process control system Another
objective of the present invention is to provide a mddle | ayer between

t he host and the equi prent, which inproves the speed and consi stency of
data collection in a process control system A further objective of the
invention is to provide a mddle | ayer between the host and the equi pnent
wherein the mddle |ayer functions as a data format converter and a data

processor Palens 6i5356783 1B Ml bt d1ueddis ﬁ?@&&%&ﬂg"cﬁ‘ Rhsbf@atafitiill 0N 1S 1o

provide a mddle | ayer between the host andthe equi pnment wherein the

i ddl e | ayeieobd ldPisaRAbd QIsBES ITRSPARRE BY%81400 IRldaeni apafiata to the

host or equi pnent. 3 Another objective is top a mddle | ayer between
t he host t [ [FeR . t o-renpl | ocal, data sanpling
(single g?%%)é,ageﬁ@q gr%up hg%’g e?g[)ﬁtj'?éi%g%ﬁﬁ?qqggIaé'dgﬁpgﬁfﬁtl,’s ?%3@“'?& i evi ng

pr ocessi NGetLESOULLES of b.otf% t he eg\ eclr:)rrggt and the host. Yet another

obj ect i ve T EYYT B BOIFESTINGiteri i an ;ﬁ SpefWeen the host and the equi pnent
to provide auto-reply nessages to equi pnent to relieve processing

resources of the host. Yet another objective of the invention is to provide
nmessage routing and filtering for a plurality of applications and hosts.

The present invention di scl osSBSMHARNCOFATIHEJNMESERIODh et hod enpl oyed by a
m ddl e | ayer between the host and the equi pnment, which inproves the speed
and consi stency of data collection. The mddle |ayer

It is the primary objective of the present invention to improve the speed and

consistency of data collection in a process control system.

Another objective of the present invention is to provide a middie layer between
the host and the equipment, which improves the speed and consistency of data

collection in a process control system.

A further objective of the invention is to provide a middle layer between the host
and the equipment wherein the middle layer functions as a data format converter and a

data processor/classifier.

A still further objective of the invention is to provide a middle layer between the
host and the equipment wherein the middle layer filters and formats messages before

delivering data to the host or equipment.



incorporated with the proposed data collection nethod functions as a data
format converter as well as a data processor/classifier, which helps to
filter and format nessages before delivering data to the host or

equi pnent. The proposed data collection nethod enables the mddle |ayer to
performauto- reply, local data sanpling, and group data polling, thus
relieving processing resources of both the equi pnment and the host. This
allows inplenentation of APC on ol der wafer fabrication processes using

ol d equi pment . AdotBB} &bjeBlRRCRIE BENH R nitiliePRANEYE & the Hast ahavse a

flowchart of the nethod of data collection of the present invention. Fig.

b shows 8q@isRRAPIJ Gerfdtat autBlreP! fokheys %%p‘ﬁh@gga@gqmig?u}i@gagcg Etﬁﬁ@t%artgsem

invention. Fig. Ic shows a blo di agram of "I oC

of " the pr Tl fruRPiE o) T ARERh br i HinD TaPaubLE0t pRTRC sBRPARAbbRG

of the pr&@q{;} invention. Fig. 3a shows a schematic diagramof a software
protocol con g}'ter of the prior art. Fig. 3b shows a schematic di agram of
t he enhanced software protocol converter of the present invention. Fig. 3c
shows a flowhart of the auto reply process of the present invention. 5

Fig. 4a shows an activity djagramof |ocal data sanpling of the prior art.
Yet another objective is to provide a middie layer between the host and the

equipment to provide auto-reply messages to equipment to relieve processing

resources of the host.

Yet another objective of the invention is to provide message routing and filtering

for a plurality of applications and hosts.

The present invention discloses a new data collection method
employed by a middle layer between the host and the equipment, which
improves the speed and consistency of data collection. The middle layer
incorporated with the proposed data collection method functions as a data
format converter as well as a data processor/classifier, which helps to filter
and format messages before delivering data to the host or equipment. The
proposed data collection method enables the middle layer to perform auto-
reply, local data sampling, and group data polling, thus relieving processing
resources of both the equipment and the host. This allows implementation

of APC on older wafer fabrication processes using old equipment.



Fig. 4b shows an activity diagramof |ocal data sanpling of the present
invention. Fig. 4c shows a flowhart of the |ocal data sanpling process of
the present invention. Fig. 5a shows an activity diagram of group data
polling of the prior art. Fig. 5b shows an activity diagram of group data
polling of the present invention. Fig. 5c shows a flowhart of the group
data polling process of the present invention. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON Advanced process control (APC) inplenentation is fast gaining
acceptance in seni condBRIEF DEBCRACTION OF a8 EMRAWTNGH act urers begin to
understand its potential for achieving better control and higher yield.
One of the critical factors that would determ ne the success of APC

i npl enentation is to ensure an accurate real-tine data collection

capabi l ity fromd he SHHLPIRBchIEs @Bﬁq&%a FQ kae{félle%ﬂoﬁ Sﬂ%@;ﬁg@éﬁt has put
much pressure on the equl pnent controll ér and "host server. stem
integratoqﬁvéﬁﬁ¥ﬁ 6 often encountered difficulties in integrating equipnment
due to | ow performance of the equipnent controller. This is especially
true for ol der nodel equipnent. Using the conventional data collection
met hod has usually limted equi pnment controller performance or host
performance. Upgradi ng of the equi pment controller and host systemis
usual |y not an tqibo?hoé‘fsrﬁ:écri'qm%é?ncﬂ?ét Olepalling@enpisierageef theepresea!
traditional trace data collection nethods involve configuring the

equi pnent v®ndend trace data periodically and automatically to the host
application. However, trace data nessages are considered by the equi pnent
controller to be of a

Fig. 1c shows a block diagram of local sampling of the present invention.
Fig. 2a shows a schematic diagram of traditional host polling of the prior art.

Fig. 2b shows a schematic diagram of the polling method of the present

invention.

Fig. 3a shows a schematic diagram of a software protocol converter of the prior

art.

Fig. 3b shows a schematic diagram of the enhanced software protocol

converter of the present invention.

Fig. 3c shows a flowchart of the auto reply process of the present invention.



|l ow priority. Thus, sending the trace data nmessages will|l be del ayed when
the equipnment is busy or |oaded with other tasks. In addition, traditional
nmet hods all ow nessages to be sent to a default communi cation host. The
default host application is responsible for re-directing all the nmessages
received by the default host to other applications. This inevitably
reduces data processing capacity of the host. The present invention ains to
sol ve the above-nentioned issues with the traditional data collection

net hod by enpl @g.h ehaVish aciladai | ' the
Enhanced Softmar% Pr ot ocol Cbﬁeart%?gﬁﬁgﬁg%gdégé%hgﬂgﬁ%ﬁgﬂggﬁgg?gd

Equi pnment Status Request (SSR) to retrieve data from equi pnment, regardl ess
of group polling or local data sanpling (treated as single group polling).

The SSR i s confd e, c LR & st.andard, such _as ined by the

Sem conduct or E&%%ﬁ%ﬁﬁaﬁggﬁ\}tﬁgé%@m %ﬁ%&%ggf%ﬁwp@ﬁ% I?(ﬁ%?e;fﬁrent

Communi caﬁri“p ti§handard (SECSI1). According to the present invention, prior
to activa ir?rgh ta polling, the ESPCis 7 initialized either by
pre-configuring the ESPC in a configuration file or by sending a defined
command to the ESPC. Referring to Fig. la, the initialization process (step
1) involves identifying the Equi pnent Status Variables (SVID) that are of
interest, the Fihfs sheysor flpeeharhef thatlecal dhats samplingeprdesss oftheqmesenid so
on, for each sanpling group. During this initialization process,

i nf or mat i givestioeach group will be stored in the ESPC nenory as objects
100, as shown in Fig. 1b. It is inportant to note that each group ID nust
be unique as it is used to identify a particular polling group in the ESPC
The invention inplenents a multi-thread programm ng design to achi eve the
hi gh speed r eq#ig. eaaMtowsTdiea&IVaY BidgParn ol i . shown in
Fig. 1c. A nai ngthread 102 con?rolgg th%@éﬁlﬂgggﬁé?a?lg@c%ﬂﬁggﬁagﬁﬁprocess. A
polling thread 103

Fig. 5b shows an activity diagram of group data polling of the present invention.

Fig. 5¢c shows a flowchart of the group data polling process of the present

invention.

DETAILED DESCRIPTION OF THE INVENTION

Advanced process control (APC) implementation is fast gaining acceptance in
semiconductor manufacturing as many manufacturers begin to understand its potential
for achieving better control and higher yield. One of the critical factors that would
determine the success of APC implementation is to ensure an accurate real-time data
collection capability from the equipment. The APC data collection requirement has put

much pressure on the equipment controller and host server. System integrators have



handl es the conmuni cati on protocol between the ESPC and the equi pnent. A
nmessage conversion thread 104 is responsible for the formatti ng of nessages
from equiprment format to host format and vice versa. A publishing thread
pool 105 is responsible for sending out data to the host at the requested
interval. The data collection process begins after the ESPC receives a
start command fromthe host application (step 2 in Fig. 1 a). The start
command is usually group based; e.g. start group = 1. Upon receiving the

comand, tdfilenESRCumterdd @th‘&ﬂ&ﬂﬁstlhmte@raﬁﬁ@eé&@mtHQeQS‘idvy S Rihcdlor
retrieve the list of SVID s fromthat particular group (step 4) (as shown

in Fig. 1dauiprént@oReslidr WIS%Y’%C@W{}UQ%)H &é%rer%ﬁglr W@rﬁ‘?.’%lhgﬂﬂwe prior

to the activation of group 1, for exanpe i cate

removed. AbhverdtRai @a‘il]tﬂgzgﬁ’é/étgnsm@fﬂoh gﬁﬂ/ ﬂﬁﬂ?& %qﬁ{@?@tnﬁ cﬁptg %ﬁe)i message 1o

retrieve data from nment ( erri for

exanpl e, cont ain
onty” svi pPETOghahgd GHRE 'P&%%}%"ﬁ A0S e SRR G TGRAY hgear
once int eSSSR msss‘filsgla The pol li nég thr ead 103, on receiving the start
pol | si gn&/SEPHmUSHETHER AN PRINSINGB canbe| verr R¥PHIRVE- he SSR message at t he
specified sanpling rate (step 6). Upon receiving the SSR nessage, the

equi pnent will process the nessage and send out a reply containing the
requested status values. The ESPC wi || decode the nmessage fromthe

equi pnent bas e liughernse deaditiernl Svice datd clleictiomaethedeinvalve conbigwirigitaedat a
in a tenporary buffer, and update a flag to signal that new data has been
recei ved. eqHemendtd senyl racedataqmniodivats ahd awkrbatioally td eheteost applictival

ti meout before proceeding to request a new set of data. The start command
al so acti Vaweset, tracp alta sleisbggddaeasthsitRbed B efecediiphebEcontrolier to be of a
low priority. Thus, sending the trace data messages will be delayed when the
equipment is busy or loaded with other tasks. In addition, traditional methods allow
messages to be sent to a default communication host. The default host application is

responsible for re-directing all the messages received by the defautt host to other

applications. This inevitably reduces data processing capacity of the host.

The present invention aims to solve the above-mentioned issues with the
traditional data collection method by employing a middle data processing layer, herein
named the Enhanced Software Protocol Converter (ESPC). ESPC employs Selected
Equipment Status: Request (SSR) to retrieve data from equipment, regardless of group
polling or local data sampling (treated as single group polling). The SSR is configured
according to a standard such as defined by the Semiconductor Equipment and
Materials International (SEMI) Equipment Communication Standard (SECSH).

According to the present invention, prior to activating data polling, the ESPC is

9



one thread (1 05a, 105b, ..., 105n) started for each host 11 Ca, 11 b,

..., 110n. At the defined publishing interval, ESPC wll first check for
the availability of new data. This is done by exam ning the data avail able
flag set by the polling thread. If this flag is set, ESPCw Il start to
process all active groups (step 8). For each active group, the respective
SVID values are read fromthe tenmporary buffer and are configured into the
host recogni zabl e nessage format. The nessage is then published to the

desi gnat edhitiatiasd sittet lepp@)-corfigWien tHeESPSPOdn el dmigarationdile onppeendiag aany
group (step 10), it will change the status of the respective group to

i nactive dattheceeonimantito 84 BSPIat Réfriikiel Figd1a, Qﬁé yniftizahib® peiceyd (stEBq SSR
message i s then reconstructed before the next polling message is sent

the equi pmatves\i’mmf@ngfﬂ%)Ea&aEﬁ%gggiaﬁpss %Ina@(eegg@ztbn);rpé{e&r%' (%fﬁrqte ees@'th QFOUPS

will be set to inactive and 't ‘polli ng
and publ g 5 I i u g d%? r esent
i nvention %HPQEQ tlgﬁ@ﬁlqiﬁé({:{% {hﬁ%%%%é g}%g@@ngﬂgg Qg] ﬁﬁ' Cgf mgi%g‘t‘p'by
reduci ng . This be. .achi eve of
nessages pgﬁﬁ?ﬂi%ﬂ d@ﬁ%@ﬂggﬁ{o%ﬁs Rlerpglien Opr?'?togﬁglb‘? Wﬂ@?ﬁd?ﬁéefg’”rtg‘a[%éc
nmessage to ui nt odi ca for every group, with the inplenentation
of the pr@?@?ﬂ Eﬁﬁéﬁ?ﬂtg(jﬁb %hq}fﬂ{'l” Heelp- oHI@”@MEG'"ttFﬁ eatedhat eadrgrospand
messages for each sanpling group ESPC. These command nessages are: 1) the
initializZZAUSbRe LBiaveRS it {frise tprdentify a pestioulas pellgrorebp écthe ESACs comand
is optional if the group is configured in ESPC directly), 2) the start
command, and 3) the stop command. Figs. 2a and 2b show a conpari son
between traditional host polling (Fig. 2a) and the present invention (Fig.
2b) . The invention implements a multi-thread programming design to achieve the

high speed requirement. There are four thread systems running as shown in Fig. 1c.

A main thread 102 controls the entire data collection process. A polling thread 103

handles the communication protocol between the ESPC and the equipment. A

message conversion thread 104 is responsible for the formatting of messages from

equipment format to host format and vice versa. A publishing thread pool 105 is

responsible for sending out data to the host at the requested interval.

The data collection process begins after the ESPC receives a start command
from the host application (step 2 in Fig. 1a). The start command is usually group
based; e.g. start group = 1. Upon receiving the command, the ESPC will change the
group status to active (step 3) and retrieve the list of SVID’s from that particular group
(step 4) (as shown in Fig. 1b). If other groups have been activated for data sampling
prior to the activation of group 1, for example, duplicate SVID's will be removed. All

remaining SVID's will be combined to create a SSR message to retrieve data from the

8



I n one enbodi nent of the present invention, ESPC incorporates a nessage
auto-reply function that further facilitates reduction of |oad fromthe
host. Message auto-reply is suitable for primary nmessages from equi pnent,
e.g. alarm nessages and events nessages, etc. Such reply nessages are for
confirmation of receiving nessages and are normally in a standard format.
Auto-reply is achieved by nodifying 10 the Wbit in the block header, which
i ndi cates whether or not the sender of a prinmary nessage expects a reply.

Fig. 3a ikhuphiattesteb!®y. aréfemirigtodli@orafooéxdnsie! f BEIH droNss 13 afeeP! ¥
cycle. Referring to Figs. 3b and 3c, the auto-reply function of the present

i nventi onsiggted tHeSERAhESsadeAF Bhidin Sﬁg%‘vlﬁ)vﬁf% Pyl gBE Y DGE?(%%Q& sVig 3

equi pnent. |If the nmessage 71s configured such that auto-reply I's required,

ESPC wi | | 458% wim%rﬁpgﬁg%g'o\?}mﬂ%{\ﬁmﬁe 48R rﬁ%s%g%.ef ore forwardi ng the nessage to

the host so that the not ~ nee o’séend a reply. At the sane tine,
ESPC w Il forma standard reply nessage and send it back to the equipnent.
In nmore detail as shown in the flowhart in Fig. 3c, in step 31, the

equi pnent semii}s_| o;éh, m?ﬁsa es. In step 32, ESPC receives nessages and
stores them i n' "FERBING thiggdstsyon secerdpe thag slartrall sigral from {hepinat threadhe
equi pnent nessages. ESPC configures the equi pnents' nessages into host

dat a for maP2(¥illsgndput tisPER messpgeratdhaspecified sempling ratesstep Hep/es) .
Finally, if areply is required, ESPC sets the reply bit to zero (step 36)
and sendsresansng hen8SRapessage; e equippehwill ffogessdtheshesmgaranactdnd dut a
diagramfor traditional |ocal data sanpling. Normally, a host request
consi sts ciply ypasiniig thetraqtiestbe statli$ esiles. and HIRC willdetddeetheahedsageol | ect

such data. In a typical time series data collection inplenmentation, the
host wi | | freenitiequipment based on the defined SVID value format (step 7), store the data in
a temporary buffer, and update a flag to signal that new data has been received. The

polling thread continues to wait for the next interval timeout before proceeding to

request a new set of data.

The start command also activates the publishing threads 105. There will be
one thread (105a, 105b, ..., 105n) started for each host 110a, 110b, ..., 110n. At the
defined publishing interval, ESPC will first check for the availability of new data. This
is done by examining the data available flag set by the polling thread. If this flag is set,
ESPC will start to process all active groups (step 8). For each active group, the
respective SVID values are read from the temporary buffer and are configured into the
host recognizable message format. The message is then published to the designated

hosts (step 9).



trace initiate command with the required SVID s and sanpling rate. Upon
receiving this conmmand, the equipnent stores the required SVID s in nenory
and starts a 11 process to publish the data to the host at the requested
interval (mninmum| second). This task in nost equi pnent controller
operating systens is considered as a lower priority task. \Wen the

equi pnent controller is busy with processing operations, the data
publishing is usually interrupted. This results in inconsistency in the

data col | ecti QUhéMESPGYecehBs 34tBp 6@&%nd%wbﬁy”§#8up&§%§0{qjah@%£ g@élhg%! f\g Pﬁ

affected when nultiple traces are turned on at” the sa

lover thr gugbiRuis ofﬁhbfi%ép%ctiﬂ'@brcﬁfb t@?ﬁﬁﬂﬂr@t ng rﬁq&%g{egginﬁ%wbqgég% redyired

i npl enentation of the present”invention, ayer ps to
relieve t ; e ' . LSqals illustrated in the activity

di agram i ?ﬂlé)l a ﬁ&ogﬁ'd T:F]%L% ﬂe! iﬁs&?g%éﬁ' }hegfreg?rbs?ru&ﬁle_deqq{grentbgtnetxgaalﬁgg is
sent to t PC.instead of to th ui pnent. The PC. processes the
request aﬂﬁesg?g?e%s%ntﬁp% e%%‘&ﬂfe Hﬁpétof)rc@mm?ﬁfg&@ﬂ%ﬁﬂ‘éﬁ’ﬁ isgggeived,
distribute the information to the host at the required interval. The

equi prrent 2L GRRYRS Willibe set @ jnagtiviand Hin BRRJIst wdkbagenphi.| Bothdhe neing and
resources for the actual processing work. In nore detail, referring to
Fig. 4c, PHelighirg threads willtbe puidntesPeispentedimoddat a  col | ection (step 41).
The ESPC receives the host request and stores it in nenory (step 42). The
ESPC configures the request into the proper format for the equi pnent (step
43) and sends the data collection request to the equi pnment (step 44). The

equi pment r ecelfieprédent takatisreReIes to CRh&RceMbk, dat® bfdce¥SitgldaBaBiiydef tagd
sends the data to the ESPC. The ESPC configures the data into the host

LTy o 1 P PRp O S Bt ) Bl Bk
messages required to be sent by the host. Instead of sending a request message to
equipment periodically for every group, with the implementation of the present
invention, the host need only send three different command messages for each
sampling group ESPC. These command messages are: 1) the initialization command
which initializes the group objects (this command is optional if the group is configured
in ESPC directly), 2) the start command, and 3) the stop command. Figs. 2a and 2b

show a comparison between traditional host polling (Fig. 2a) and the present invention

(Fig. 2b).

In one embodiment of the present invention, ESPC incorporates a message
auto-reply function that further facilitates reduction of load from the host. Message
auto-reply is suitable for primary messages from equipment, e.g. alarm messages and
events messages, etc. Such reply messages are for confirmation of receiving

messages and are normally in a standard format. Auto-reply is achieved by modifying

10



12 48 are repeated a particular nunber of tines or until a stop signal is
received fromthe host. When the host is satisfied that data collection is
conplete, it sends a stop nessage to the ESPC (step 49). For group

pol ling, |oading of the equipnent is greatly reduced by the inplenentation
of the present invention. Only one request nessage is to be sent to the
equi pnent regardl ess of the nunber of polling groups. Fig. 5a illustrates
an activity diagramof traditional group data polling. Fig. 5b is an

activity dhagvaminfthgblur hedaéwpn ihndafls WhE' GSRthd BYSIEHR R pfsargNOWn
in nore detail in the flowhart of Fig. 5c. The ESPC receives ar% send out

to the equhos®ie dpRclRostepdy. " BRYSS iiRstireRNhe r@%ﬁ:@{yvdf%%aﬂké%%gﬁ d’itic%r%f Auto-

equi pnent sends out one data nmessage to the en ects
all data rrgﬁf?icé,gg_fromthe equi pnent and classifies the data into groups.
In the traditional nethod, the equipnment would have to send nultiple data
nmessages to the host. The present invention effectively reduces the nessage
traffic between the equipnent and the host. In nore detail, referring to
Fig. 5c, the ho'ét inst{?g'g,ts éhe ESPC to begin data collection (step 51).
The ESPC recei vBEMETRE i0dsio8s3k apd s« themyitadteplwiunction af thenrregent(igyerpionds .
The ESPC configures the host's request into equi pnent data format (step

53) by co Sﬁﬁa?@fﬁ-t%%Ppe\@w@@eck«ﬁva@fmwm@e@@ge\i@ngequipme@mdsfsmmssage
request to the equipnment (step 54). The equi pnment receives the request and
sends out Ieeenfigfed pech thapestoafepliait aequitpd &SRE Wil $dtehESREsage'sWIH)to The
ESPC collects all of the data and classifies it into the groups as set up

by the hogerq befope ifvarting Sentessdue daha Host tdthat IR heatwif pbemedi o seHiea
host receives the data (step 58). Steps 54 through 58 are

reply. At the same time, ESPC will form a standard reply message and send it back to

the equipment,

In more detail as shown in the flowchart in Fig. 3c, in step 31, the equipment
sends out messages. In step 32, ESPC receives messages and stores them in
memory. In step 33, ESPC examines the reply bits in the equipment messages.
ESPC configures the equipments’ messages into host data format (step 34). ESPC
sends the messages to the host (step 35). Finally, if a reply is required, ESPC sets

the reply bit to zero (step 36) and sends a reply message to the equipment.

Fig. 4a shows an activity diagram for traditional local data sampling. Normally,
a host request consists of types of data to be collected and the time interval fo collect
such data. In a typical time series data collection implementation, the host will send a
trace initiate command with the required SVID's and sampling rate. Upon receiving

this command, the equipment stores the required SVID's in memory and starts a
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repeated a particular nunber of tines until all collection groups are
stopped by the host. Wien the host is satisfied that data collection is
conplete, it sends a stop nessage to the ESPC (step 59). ESPC facilitates
the integration of third party applications of the existing equipnment with
m nimal inpact to the current system This is achieved by the built-in
nmessage routing and filtering capability. Applications such as APC usually
require integration of the equipnent for real-tinme data collection

Tr adi t i ongirbyesd thaadlisRpf) dsatd eRShER At %@%qh@%@%t@n’é’l‘ﬁ&ﬂ{irﬂlﬂﬁ; y ¥e&91cf?,ﬂ.e
the app is

equi prent and the equi pnent replies separately to I catl ons.

i ncreases mﬂwta@mn%ds@@ahs@%erﬁhéﬁﬁr&%&n@ ?raﬁ%@%ﬁa@ﬂﬁis%@ﬁ%@%@d&%@aqg\kferhave

the capability to re-route the equi
applicati opgriphiacR Wacs I ' kn the present invention, the
ESPC pr ovicbgesw:;E rressagerﬁ?%u “ﬂgﬁ%ﬁa"%ﬁ‘?ﬂf’p %r'lsr%'8¥ Wﬁ@tqr?ﬁ?slsg‘ga‘i’f%ﬁrﬂh?% Move
pr obl ens. Licat)on,interested. jn eqyj prent nessages can regi ster
i th eopc B BB e, Rl e shR Rl R tarP ey to¢ nar o, s
wel | as b% ﬁg appl catii ?n identifier. Wien the ESPC receives a prinmary
message 18 %l?ﬁ‘i'B - 1 BOMP IGeSpBLqUsBentRariOamaaeR Cal Also malienied mbek
against the list of subscriptions to find interested applications. ESPC
wi |1t hen"Biibpledracen @redienedien af thesarne times resulting iagpiectirowghputhehis is
i npl enentation of the present invention has the follow ng advantages: 1)
i mproves 8at an @eredeblemondiiond and consi stency during the manufacturing
process, 14 2) enhances data collection and processing capability in an
APC environment by relieving the processing resources of both equi pnent
and host, and 3) enables equipment without tracing ability or with [imted
CPU resources tmtheriowlgientabonopihe Haser@ivdntibRthedaldRictBVEEE PR helps to
relieve the load on the equipment. This is illustrated in the activity diagram in Fig. 4b
and in the flowchart of Fig. 4c. The host request is sent to the ESPC instead of to the
equipment. The ESPC processes the request and starts a timer to collect data from
the equipment and distribute the information to the host at the required interval. The
equipment controller is relieved from this task and will have more resources for the

actual processing work.

In more detail, referring to Fig. 4c, the host instructs the ESPC to begin data
collection (step 41). The ESPC receives the host request and stores it in memory
(step 42). The ESPC configures the request into the proper format for the equipment
(step 43) and sends the data collection request to the equipment (step 44). The
equipment receives the data request (step 45), retrieves the data, and sends the data
to the ESPC. The ESPC configures the data into the host format (step 46) and sends

the data to the host (step 47). The host receives the data (step 48). Steps 44 through

12



The ESPC of the present invention can be provided as a conputer program
product. The conputer program can reside on any conputer wth the

M crosoft(r) Wndows(r) operating system (W ndows(r) 2000, XP, 2003). The
programis started as a Wndows(r) services programthat can be confi gured
to be started automatically when the conputer is started and run as a
background process. Although the preferred enbodi nent of the present
invention has been illustrated, and that form has been described in

detail, iagwrd }epléétédeﬁgbr't%u!éﬂﬂ@ﬁ%?%ﬂtu‘%s ok ﬂﬁﬁlea §t5b ds' iR ?é"retcl@@eérﬂtonﬁ fd

various modifications may be nmade therein w thout eparting fromthe

spirit ofhwew%@m%tgs&rgepgmosa%g\es”@ow g@ﬁ!g@%&a@a{@t What is

clainmed is Is claline |ngda93froma

pl urali tymggs%qeog):tﬁ%:é%@g#{gﬁgg? conpri si ng: recei ving froma host system

a definition ‘wherein said definition of each sanpling
group conprises a listing of equipnment status variables for a piece of
processing equi pnent, a sanpling or polling rate, and a nessage
destination; receiving froma host systema request to collect data for one
or nore of saf Y HAURPPIHGI JPBUPS; Oféhﬁleﬂlﬁéﬁ‘@ﬁf isegreathoredeget byl i ng gr oup
in said request, at said sanpling or polling rate: formatting a request
for said imlemesietan efthemresentrimaention. rnjyest requestimbssage és tof bosentdesi ng
equi pnent ;

the equipment regardless of the number of polling groups. Fig. 5a itlustrates an

activity diagram of traditional group data poliing. Fig. 5b is an activity diagram of group

data polling of the present invention, as shown in more detail in the flowchart of Fig.

5¢. The ESPC receives and send out to the equipment the host's requests. Upon

receiving a request, the equipment sends out one data message to the ESPC. The

ESPC then collects all data received from the equipment and classifies the data into

groups. In the traditional method, the equipment would have to send multiple data

messages to the host. The present invention effectively reduces the message traffic

between the equipment and the host.

In more detail, referring to Fig. 5c, the host instructs the ESPC to begin data
collection (step 51). The ESPC receives the host's request and stores it in memory
(step 52). The ESPC configures the host's request into equipment data format (step
53) by combining the request with existing active groups and sends the request to the
equipment (step 54). The equipment receives the request and sends out each of the
types of data requested to the ESPC (step 55). The ESPC collects all of the data and

classifies it into the groups as set up by the host (step 56) and sends the data to the
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thereafter receiving said data fromsaid piece of processing equipnent;
formatting said data received; and sending said formatted data to said

nmessage destination. 2. The nmethod of claim 1l wherein said receiving of
said definition of sanpling groups is in a configuration file. 3. The
met hod of claim 1 wherein said receiving of said definition of sanpling
groups is as a comuand fromsaid host system 4. The nethod of claim1l
further conprising receiving fromsaid host system a request to stop

col l'ect i ngogtabiplay). ame okt FReReQfths Bhth @RIFSA)NISHIWISthroughieareet hod of
claiml1 wherein said formatting said request for said data™ conpri ses:

creating %@M@Fhﬁu%rfngmp oﬁ%%@%bﬁloétpécg%ﬁﬁtg? Bﬁ%ﬁ 45 SR{D@%@?’?Q@Q

equi pnent; ‘and 1 n I ng ohe co icate

vari abl es > ] w1 JiN ho f claiml wherein said
formatti ngéés?[a?@h%@ﬂ aé Iﬁcgéctzg\s/ae#ﬁegélﬁ?;rqeaé%g&leccﬁitgﬁtwf ﬁ%rnggrtr%&%ﬂ‘éﬁl %Siﬁpf or mat

sui table for eacQ’ trgo éitem nd classifying said data received into
sanpl i ng 51988?)%8 S f%ﬁfg %tgpa? said host system 7. The nmethod of claim1
wherein said sending said requested data to said nessage destination
conprises sending said data at a requested tine interval. 8. The nethod of

claim1 further conprising:
ESPC facilitates the integration of third party applications of the existing

equipment with minimal impact to the current system. This is achieved by the built-in
message routing and filtering capability. Applications such as APC usually require
integration of the equipment for real-time data collection. Traditionally, these
applications can send requests individually to the equipment and the equipment
replies separately to the applications. This increases equipment loading. Alternately,
one host application may have the capability to re-route the equipment message to
other host applications which increases host loading. In the present invention, the
ESPC provides a message routing and filtering function to avoid the above problems.
Any application interested in equipment messages can register with ESPC by streams
and functions, defined in SEMI SEC |l standards, as well as by an application
identifier. When the ESPC receives a primary message from equipment, it will retrieve
stream and function and check against the list of subscriptions to find interested

applications. ESPC will then publish the messages to each interested application.

The implementation of the present invention has the following advantages:

1) improves data collection speed and consistency during the manufacturing process,

14



receiving primary nessages fromsaid pieces of processing equipnent; and
sending said primary nessages to each of a list of applications interested
in said primary nessages. 9. The nmethod of claim8 further conprising:
checking if each of said primary nmessages has an auto-reply option turned
on; formatting each of said primary nessages into a format suitable for
each of said interested applications; setting to zero a reply bit in each
of said formatted nessages before sending said formatted nessages to said

i nt er est eck)@mnlah@@gcﬂala%bu@ét%m%r@aeﬁih@éé&amiﬁpkﬁ'amwaﬁv'iédm&it%gpi ece of

processi ng equi pnent for each of said nessages having said auto-reply

option tUrr@%birﬁﬁ‘the@oc@%@ngf‘?és@ﬂﬂze%fof‘Bloﬁ'légegngﬁf %@hé&i Gn@ri mary messages

conprise alarm™ nessages Or events mness seni conduct or

fabricati | . i ST NG | one host system
whi ch'can JEhEIEE SRuPRRE RN IEFhA PR Sollth §ise S0 diraRtlosTReS i
processin i, pent ;. and enhanced software protocol converter

per f or mi n%cfe‘ﬁrg'&?ﬂﬂ%fngﬂgt.en?qeﬁar @@?R‘Hr‘ng fromsaid at | east one host system
a definition of sanpling groups wherein said definition of each sanpling
group conprises a listing of equipnment status variables for a piece of
processing equipnent, a sanpling or polling rate, and a nessage

desti nation: he ESPC of the present invention can be provided as a computer program

product. The computer program can reside on any computer with the Microsoft®
Windows® operating system (Windows® 2000, XP, 2003). The program is started as a
Windows® services program that can be configured to be started automatically when

the computer is started and run as a background process.

Although the preferred embodiment of the present invention has been
illustrated, and that form has been described in detail, it will be readily understood by
those skilled in the art that various modifications may be made therein without

departing from the spirit of the invention or from the scope of the appended claims.

What is claimed is:
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receiving fromsaid at | east one host systema request to start collecting
data for a particular sanpling group wherein said request to start
collecting data for a particular sanpling group results in preparing
sanpling requests to be sent to said piece of processing equi pnment at said
sanpl i ng V@ﬁatﬁ@'da‘wﬂl?r:@te receiving fromsaid at | east one host systema
request to sto colTecting data for a particular sanpling group wherein
said request to stop collecting data for a partl cul ar sanpling group

results in cgeasj r.epar sanmpling re sto esent to | |ece

of processi nﬁ eféu’% hi?rﬁffo aﬁaﬁq%'nggﬁtl? 88 E‘ﬁ?'ftﬁ PRIfGSPIOP 8%'

request t collecting data has been received and for which a request
RofipisIng

to stop collecting data has not been received, at said sanpling or polling
rate: converti nr@cgmrw B’Qﬁ’pﬂlhﬁ)@t pysiaese definigon of sermRlingLITOBE &VTSRINSEd at

| east one pi I t r ng
request to <Srmin PEREER Mol OB co BRI B PE ST FERE RIS "Gt
from sai d atvdrigdsds fone me@@ef pifocesgngwutpgnemqalsmmmg @qiolierd fatg @l d dat a
fromsaid at | east one piece of processing equipnment into a formt

sui tabl e formegsapedestiidienone host system and sending said formatted

data to said atrdBia BR AORs BYSiEAT bauCTe SYRLERAR! il drbeiel n

sai d receiving Initio I'ng groups is 1n a configuration
file. 13. Theaidgatmpingfgrolss;mntll wherein said receiving of said definition
of thereafter, for each sampling group in said request, at said sampling or
polling rate:
formatting a request for said data;
sending said formatied request to said piece of processing equipment;
thereafter receiving said data from said piece of processing equipment;
formatting said data received; and

sending said formatted data {o said message destination.

2. The method of claim 1 wherein said receiving of said definition of sampling

groups is in a configuration file.

3. The method of claim 1 wherein said receiving of said definition of sampling

groups is as a command from said host system.

4. The method of claim 1 further comprising receiving from said host system

a request to stop collecting data for one or more of said sampling groups.

5. The method of claim 1 wherein said formatting said request for said data
comprises:
creating a message in a format suitable for said piece of processing
equipment; and
including only one copy of each of duplicate process variables to be

collected.
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sanpling groups is as a command from said host system 18 14. The system of
claim 1l wherein said sending said formatted data to said at |east one
host system conprises sending said data to said nessage destination. 15.
The system of claim 11 wherein said converting said data from said at

| east one host systeminto a format suitable for said at |east one piece of
processi ng equi pnent conprises: creating a nessage in a format suitable for
sai d piece d. proeesstmyl oqolapnent whaneini saidudomatting ysaitiedatspyeotivedch of
duplicate roc.ess, vari ables to be collected. 16. The systemof claim 11l
wher ei n s&BH’ PESF¥erting said data fromsaid at |east one piece of

processi ng equi @@aflhg 'a%@s@ad@:h@forﬁx‘é't%@%tﬂeff@ﬂeécﬂi Rod@tsyk@Mgtandone host
system conpri ses: creatl ng a message in a format sui tabl e for each host

system and cl @E§§$Ifwﬂg1ga@aﬁ@tad@@alvﬁéd@iwwnph!ﬁ@) UERURFHES FEYRRIEE etPiBy

sai d host sr%/ el 7. The system of claim 11 wherein said sending said
formatted da £d ge at | east one host system conprises sending said
data at a requested t| me interval. 18. The systemof claim 11l wherein said
enhanced software protocol converter also perforns the functions

conpri sing: FecthimRihpliafemgin subgrel ﬁﬁ'gnﬁ‘%ﬂ"ég 819 Esiiestatedaiecioesy
processing,o s%ﬂgle ﬂﬁat:@?goﬁlﬁﬂgéé'geﬁcﬂhg sBld FRLYat PRRABER e dRENRE. a |1t

of applications inte
8. The method of claim 1 further comprising:
receiving primary messages from said pieces of processing equipment;
and
sending said primary messages to each of a list of applications inferested

in said primary messages.

9. The method of claim 8 further comprising:

checking if each of said primary messages has an auto-reply option turned
on;

formatting each of said primary messages into a format suitable for each
of said interested applications;

setting to zero a reply bit in each of said formatted messages before
sending said formatted messages to said interested applications; and

sending an auto-reply message to said piece of processing equipment for

each of said messages having said auto-reply option turned on.

10. The method of claim 8 wherein said primary messages comprise alarm

messages or events messages.

11. A semiconductor fabrication process control system comprising:
at least one host system which can request data and other information
from at least one piece of processing equipment; and

an enhanced software protocol converter performing the functions:
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in said primary nessages. 19. The system of claim 18 wherein said enhanced
software protocol converter also perforns the functions conpri sing:
checking if each of said primry nmessages has an auto-reply option turned
on; 19 formatting each of said primary nessages into a format suitable for

each of said int%%%wbe Eﬂtétol%%st sREtHIG gpgte%&@c’démnﬁm %f BhinpliAgeach
nmessa

of said formatted S be ore sending sai rmatted nessages to sai d

i nterested applgragts whsrelanaaicééaﬂiammamﬁ mh(ﬁammilrw @@s@awpmmadaspngce of
processi ng equi pnent. for

d d
option turned &8 eggpment Sg%g?’e‘fﬁr i rressag(%ﬁ g\“ ngﬁgﬁh%rgﬁﬁryge séages

conprise alar ”‘saﬁﬁﬁﬁ@gﬁfﬁ)oﬂfng@é@taﬁd@ﬁfé%g@@e dédtinddigp@nput er program product
conprising: a conputer readable code neans residing on a conputer, said

means causing sai oebARpmtiEeMt saidoAmiaastapaedhost sEsiREER deplestate tsiadf

cai d conput or CRGAT BriRdte PR e bfhe SRR Ehels R AR BaRPRGe M e

means causi ng sailsttipgnauth€or & ParRefirezm Jﬁlﬁttgagmeblresmlt@m pregaesg safiplinga
plurality of host systems; conputer readable program code means causing

sai d conputer [RAYRKHA beﬁnatma@a Rientq @EPmﬁSﬁaalﬁ@@ﬂ@ﬂ%frataS%qi §RENRIRG of
processi ng equ %Pﬁwg rg%rrputer r eadabl e program code neans causi ng said
conmputer to send

receiving from said at least one host system a request to stop
collecting data for a particular sampling group wherein said request to stop
collecting data for a particular sampling group results in ceasing to prepare
sampling requests to be sent to said piece of processing equipment; and
for each said sampling group for which a request to start collecting
data has been received and for which a request to stop collecting data has
not been received, at said sampling or polling rate:
converting said sampling request into a format suitable for said at
least one piece of processing equipment;
sending said formatted sampling request to said at least one
piece of processing equipment;
receiving data from said at least one piece of processing
equipment;
converting said data from said at least one piece of processing
equipment into a format suitable for said at least one host system; and
sending said formatted data to said at least one host system.

12. The system of claim 11 wherein said receiving of said definition of

sampling groups is in a configuration file.

13. The system of claim 11 wherein said receiving of said definition of

sampling groups is as a command from said host system.
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said formatted said data collection requests to said plurality of
processi ng equi pnment; conputer readable program code neans causi ng said
conputer to receive data collection results fromsaid plurality of
processi ng equi pnent; conputer readabl e program code neans causing said

conputer 10 forfgd sggt%;hiﬂf)ﬂéfaﬂnoﬂ' WREHIR B alF SEhdifg lid fhfhtftliUd st thsd hosg

systens; conputer r e program code neans causi ng sald conputer to sen
sai d f or mat teadt sae thodbs\stenl doaytrises seesing sait dasatasqitl inedsage destihabon.
systens; conputer readabl e program code neans causing said conputer to
receive primary nessages fromsaid plurality of processing equi pnent;

conput er reatablge RSB IR T8ANRERY SaRD cBAEHIRG Bl atd Yropeid Sl d
primary nmessages to each of a list of applications interested in said

primary msashgwe hest ciysiam enta @ademtal puitairanioc oxkdd radaleast ans mieesaiof
conput er check if each of said primry nmessages has an auto-reply
option tubﬁoecc?sgﬁp %%H%'HF@PC%Q%%%E program code neans causing said

conputer to for¢rbtingas imeésRpl th pr foriat SEEAAYEET isald pledeofBirosasdiag! e
for each of said interested applications; conputer readable program code

nmeans causi rRAWRINENEGRMPuter to set to zero a reply bit in each of said
formatted ness dj i ; SQes i
i nterested appﬁﬁggjfjpﬁg)?]ﬁ’aﬁﬁec%%u?%&rceﬁaggb eothggtggﬁam cgd\éél?raé%%%qga?)%i ng
sai d conput egolieoteglend an auto-reply nessage to said processing equi pnent
for each of said
16. The system of claim 11 wherein said converting said data from said at
least one piece of processing equipment into a format suitable for said at least
one host system comprises:
creating a message in a format suitable for each host system; and
classifying said data received into groups as requested by said host

system,

17. The system of claim 11 wherein said sending said formatted data to said

at least one host system comprises sending said data at a requested time interval.

18. The system of claim 11 wherein said enhanced software protocol
converter also performs the functions comprising:
recelving primary messages from said at least one piece of processing
equipment; and
sending said primary messages to each of a list of applications interested
in said primary messages.

19. The system of claim 18 wherein said enhanced software protocol
converter also performs the functions comprising:
checking if each of said primary messages has an auto-reply option turned

on;
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nmessages having said auto-reply option turned on. 22. The conputer program
product of claim 21 further conprising: conputer readable program code
means causi ng said conputer to receive fromsaid plurality of host systens
a list of sanpling groups requested. 23. The conputer program product of

claim?22 furth rising; r : [
cai d conputer 3R, a0, SRRk BREhEy FROY BIaPChimae: e N0
definition off saictmteestdd agpligatioms; conprises a listing of equi pnent status

vari abl es, a saml.i 1] te, d destinati 4, Th
corr;)gt er Sp_r ogfa%g%B‘lﬁggag%r'eHg? a Crlpgﬁ/nl)gg%\,\ﬁ@&gi%aﬁﬁzgﬁfgg%%giﬁ%d?gg beére ©
conf i gur ati apridid £said FornTatbed AIEBYASEs 1 948 MRIREN 8hpRiatibhd! dacdk3 wherein

n y

sai d neans conprises a coma rom said host system 26. The‘conputer
progr am pr oductseafding anmuie-réply trhessagentor $aidl migcecohpriocessing adnnraent iogr am

code neans causi sai d computer. to receive fromsaid plurality of host
systems a re%ﬁfi‘s%%ﬁﬁeéﬁﬁgg%h?}é'egi% autoarapby o tlo%@ﬁ?ﬁc?ﬁé' group. 21 27.
The conputer program product of claim 22 further conprising: conputer

readabl e program code neans causing said conputer to receive fromsaid
plurality of2thoEhe systeamdf glaiggi®yyhareinssdip RIGNEBCIES§aERY SOMPNisE alaERpl i ng

group. 28, T product of claim 21 wherein said t
r eadabl e meégsgﬁggg%%gﬁféﬁﬁgg%%??. ng said conputer to formt 52= d gg{rgu o

21. A computer program product comprising:

a computer readable code means residing on a computer, said means
causing said computer to communicate data between a plurality of devices in a
process control system, said computer readable code means in said comp.uter
program product comprising:

computer readable program code means causing said computer to receive
data collection requests from a plurality of host systems;

computer readable program code means causing said computer to format
said data collection requests for a plurality of processing equipment;

computer readable program code means causing said computer to send
said formatted said data collection requests to said plurality of processing
equipment;

computer readable program code means causing said computer to receive
data collection results from said plurality of processing equipment;

computer readable program code means causing said computer to format
said data collection results for said plurality of host systems;

computer readable program code means causing said computer to send
said formatted said data collection results to said plurality of host systems;

computer readable program code means causing said computer to receive
primary messages from said plurality of processing equipment;

computer readable program code means causing said computer to send
said primary messages to each of a list of applications interested in said

primary messages;
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collection requests for a plurality of processing equipnment conprises:
creating nessages in formats suitable for said plurality of processing
equi pnent; and including only one copy of each of duplicate process

vari ables to be collected. 29. The conputer program product of claim?21

wherein said co Lagabl %%@n [ | er to
format said dat@”é%%fé%tlon Pg%q}%ﬁgﬁé‘%%r sard p uragfigté@ éﬁnﬁ%ﬁftﬁ%@?g%
conpri ses: df eath ofysaie psiagey messhgestios asuattabeplyfaptiopduchga emal ity of host
systens; and cIaSS|f\E/| n i d data rgﬁfﬁegi ved into. groups as req efsted by
said plural ity GIMPHEE{CEiRlIR RIOTI0 Cofie MEARS RS S AT IR0 T8t ai m
21 wherein saidh ePNPAY hrimbRAIA gREOHIE M CRERAIBANBLRAYS! Raichabfl fpput er

to send said formatted said” data collection results to said plurality of
host syst ensnicoagiet sgplicalitishg said data at a requested tinme interval. 31.

o " . . . .
Conpr 1o al ar mEeBReL S Htle Bodofl b st R BB T BP Yies B RIS
sanpl i ng comyrd sa N@plyabitriaceas g $di@noembas WEssaas? bergesénding cglid ect

data on a piece of processing equipnent for a data sanpling group; b)
formatting doragitedmesspoeaiusaidinteresiod @pplieHipnggasdi d f or matt ed r equest

to said piece of,RLQGPFSAMLIE HOH N ode means causing said computer to send

an auto-reply message to said processing equipment for each of said

messages having said auto-reply option turned on.

22. The computer program product of claim 21 further comprising:
computer readable program code means causing said computer to receive

from said plurality of host systems a list of sampling groups requested.

23. The computer program product of claim 22 further comprising:

computer readable program code means causing said computer to receive
a definition of sampling groups wherein said definition of each sampling group
comprises a listing of equipment status variables, a sampling or polling rate,

and a message destination.

24. The computer program product of claim 23 wherein said means comprises

a configuration file.

25. The computer program product of claim 23 wherein said means comprises

a command from said host system.

26. The computer program product of claim 22 further comprising:
computer readable program code means causing said computer to receive
from said plurality of host systems a request to start collecting data for a

sampling group.
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d) thereafter receiving said data from said piece of processing equi pnent;
e) formatting said data received; f) sending said formatted data to said
host system at a requested tine interval; and g) repeating steps ¢ through
f until a defined nunber of data sets have been sent to said host system or

A el . . )
until —receiy ng,g EBrS?@ﬁéﬁ)r@@%@ﬂrﬁgﬁn@?hﬁg%ﬁﬂ‘é‘%sfhrtﬁé’r c;é@ﬁrigﬁ a sanpling for

said data sanpling claim3 erefn said
formatting sai deoraputes reddabis prodrdat eodecompne sessingrsait compatardssacmEvé n a

format suitable for said piece of processin ui pnent ;. and incl udi ng onl
one copy of EABhSYYf WHEﬂcﬂ'it)Eé’? g"‘l?’?@@%%m%ﬁ irﬁall’%gqtpogtl?@ C@Eﬁqt’gglt%ﬂt?ug}k.gThe Y
met hod of C'éﬁnﬁbl@ %@,ggi n said formatting said data received conprises:

ge Tn

creating a nessa format suitable for each host system and
classifying said data received into groups as requested by said host

system 35. Jhe_nethod of claim32 wherein,sai.d ndj.ng sai d.request dat a
to said hos%é]'gvg? e(r‘ﬁrBBHjﬁFi E@@@@mﬁ’iﬁﬁ@"csa% C@%ﬂ%s@t Vﬁh%gahe%q‘%dg?'ﬁﬁ%t%g
i nterval . r&abléepietdadcoie ChabRs 32alidind hedid CesmpuRIrNg foRRLl \Yald duta nary
messages from said pieces of processing equi pment; and
collection requests for a plurality of processing equipment comprises:
creating messages in formats suitable for said plurality of processing
equipment; and
including only one copy of each of duplicate process variables to be

collected.

29. The computer program product of claim 21 wherein said computer
readable program code means causing said computer to format said data
collection results for said plurality of host systems comprises:

creating messages in formats suitable for said plurality of host systems;
and
classifying said data received into groups as requested by said plurality of

host systems.

30. The computer program product of claim 21 wherein said computer
readable program code means causing said computer to send said formatted said
data collection results to said plurality of host systems comprises sending said

data at a requested time interval.

31. The computer program product of claim 21 wherein said primary

messages comprise alarm messages or events messages.

32. A method for local data sampling comprising:

a) receiving from a host system a request to collect data on a piece of
processing equipment for a data sampling group;

b) formatting a request for said data;
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sending said primary nmessages to each of a list of applications interested
in said primary nessages. 37. The nethod of claim 36 further conprising:

23 checking if each of said prinmary nessages has an auto-reply option
turned on; formatting each of said prinmary nessages into a fornmat suitable

for each of s : ' it in
each of said fgé)gsa%@'gé rg}éeﬁsjggrr@@ dng{]sen%sﬁﬁé%g?fgﬂ?égénsg?@gge@eﬁ%@ges to
said interest edd)akbwplrdaaftﬁnremvmgrsdnld;dam frgmamidpiece rod procassiwpgrpuipmesti d

pi ece of process| ul pnen gach of said messages having said
auto-reply opti®h %?u?& %arepﬁg/e fet hod of claim 36 wherein said

primary nmessagef $Hid %ﬁldafcﬁfr@tteﬂeéa‘?té%ssé’iﬁ ﬁd&r%y%té}‘ﬁsﬁaﬁ%qué"&edﬁlrﬁ@t hod
for group data polling conprising: recelving froma host system a request

to col |l ect dateivalhaadpi ece of processing equi pnent for one or nore data
sanpl i ng groups for each, data, sa I'ng group for which a request to stop
collecting data 'ﬁé’?aﬁBQ St?é)én ?‘é% d: a) formatting a request for said

data; b) senghtne @@r@&rﬂﬁrﬁb@ﬂ@ﬁbd@%haﬁ@bééﬁ@eﬂt ReEai@fhoRt ogstesi aguntil
equi pnent; c) thereafter receiving said data from said piece of pr ocessi ng

equi pnent an@ceiviis{rey srjddwist syEes adaadastaio iep dada @aawﬂlagsfawal rfata
sampling group.

33. The method of claim 32 wherein said formatting said request for said data
comprises.
creating a message in a format suitable for said piece of processing
eguipment; and
including only one copy of each of duplicate process variables to be

collected.

34, The method of claim 32 wherein said formatting said data received
comprises:
creating a message in a format suitable for each host system; and
classifying said data received into groups as requested by said host

system.

35. The method of claim 32 wherein said sending said requested data to said

host system comprises sending said data at a requested time interval.

36. The method of claim 32 further comprising:

receiving primary messages from said pieces of processing equipment;
and

sending said primary messages to each of a list of applications interested

in said primary messages.

37. The method of claim 36 further comprising:
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groups; d) formatting said data received; e) sending said formatted data to
said host systemat a requested tine interval; and f) repeating steps b
through e until a defined nunber of data sets have been sent to said host
systemor until receiving fromsaid host systema request to stop data

sanpling for sayd aldg PLackf ga:gaﬁrﬁ'n 'méé ¥ 1P an affd. reWoHFérhﬂﬁn&fi
IS

claim39 wherein saH? l%Iaornnt! sal for said data conprises: 24
creating a mggsage in a fornmat swtabl e for sai d piece of processing

equi prent ; and j ncl udi n nl e co of each of du r,o0cess

vari abl es to beorggit !”&cg%‘g‘ oﬂgwg %t'ﬁ‘@&sﬁge%l’ﬁ?rﬂg’é"\ﬂg @&H ‘58{ gach
formatting sgi SreREEAY G rises: creating a message in a format
sui table for e%(ﬁ%ogt S S;;/;gmaugﬁ%m classifying said data received into

groups as requesatanlgtiy mda heepty biyist each 43, saitlfonpeatied roessagasnhebre

ther el 521 eaSsh DBBalSEVRRL Bl oo RGN S 575 o

further conpri Sééﬂiﬂmd @ﬁeautbngplprmewagé@%@e}ﬁeéé efMpftiedsiByasripraént for
processi ng equi pnent
each of said messages having said auto-reply option turned on.

38. The method of claim 36 wherein said primary messages comprise alarm

messages or events messages.

39. A method for group data polling comprising:

receiving from a host system a request to collect data on a piece of
processing equipment for one or more data sampling groups;

for each data sampling group for which a request to stop coliecting data
has not been received:

a) formatting a request for said data;

b) sending said formatted request to said piece of processing
equipment;

c) thereafter receiving said data from said piece of processing
equipment and classifying said received data into said data sampling
groups;

d} formatting said data received;

e) sending said formatted data to said host system at a requested
time interval; and

f) repeating steps b through e

until a defined number of data sets have been sent to said host system or until
receiving from said host system a request to stop data sampling for said all of

said data sampling groups.

40. The method of claim 39 wherein said formatting said request for said data

comprises:
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and sending said primary nessages to each of a |ist of applications
interested in said primary nessages. 44. The nethod of claim43 further
conprising: checking if each of said primary nessages has an auto-reply
option turned on; formatting each of said primry nmessages into a formt

bi1 i each of SRR o ARTTERCSE SngrueRer e J87 soRf e of Brofastid P Y

messages to @iighment; enast ed applications; and sending an auto-reply nessage
to said piece of processing equi pnent for each of said nessages havi ng
sai d aut o- r epl yNeEinenonly RBE eRPY £5.eape OhtuRialSr PEIGESH Y&y PP 3aj d

primary messagesiGonprise alarm nessages or events nmessages. 25

41. The method of claim 39 wherein said formatting said data received
comprises:
creating a message in a format suitable for each host system; and
classifying said data received into groups as requested by said host

system.

42. The method of claim 39 wherein said sending said requested data to said

host system comprises sending said data at a requested time interval.

43. The method of claim 39 further comprising:

receiving primary messages from said pieces of processing equipment;
and

sending said primary messages to each of a list of applications interested

in said primary messages.

44. The method of claim 43 further comprising:

checking if each of said primary messages has an auto-reply option turned
on;

formatting each of said primary messages into a format suitable for each
of said interested applications;

setting to zero a reply bit in each of said formatted messages before
sending said formatted messages to said interested applications; and

sending an auto-reply message to said piece of processing equipment for

each of said messages having said auto-reply option turned on.

45. The method of claim 43 wherein said primary messages comprise alarm

messages or evenis messages.
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