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 analyze time series data in real-tine and to generate an alert
when a faul tMESHOR EORDATANEOLEECARDNI DYRMNG thheNUeRoT RING PIRGIERSBES 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 equipnent is set up to send a pre-defined set of data at a preset

interval. The mnimmtrace gj i i the trace data
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collection nethod. 2) Polling - ata collection in which the
host is set up to request a pre-defined set of data at a preset interval.
Using this nethod, a sub-second interval (0.5 second) can be achieved. 1

(1)  Field of the invention.
The invention relates to a method for data collection, and more specifically to a
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 contro! (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 model 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.



Bot h of the above-nentioned data collection nethods inpose | oading on
either the equi pnent (trace data) or the host (polling) when tinme series
data collection is enabled. The data collection job takes up processing
resources of either the equipnent or the host. U S. Patent 6,070,196 to
Mul I en, Jr. discloses a protocol converter controller having distributed
architecture. U S Patent 6,532,434, to West describes a nodul ar data
sensing and | oggi ng system A control nodule interfaces between a host
conput er and data acquisition nodules. International Patent Publication WO

01/52320 A2 to Botisof the abeleaterdRsetid2es colRiatidd tteadh Rieessadiagt rol  (APQ)
systemthat includes a nethod for an operator to request trace data

reports fremehbaiHe &riipradnti@gke Vi i inaterikace. U S.
Pat ent Application ZéC%ﬁ/ 00?33(7546Elb@at)?r'}%ggétttw&gﬁ@r\g{?%g@%sﬁgg evi ce and

met hod f or qSEMERNRLGA ishaBR Tk @at%ré%ﬂgglfonggﬂttél?és u%értsotggg%i . S. Patent

6, 208,904 to Mullen, Jr. teaches a gener ur pose ni cati ons
74, to Chi et at discloses a

protocol c r Pat ent 6,7

generic infée)s'\réﬁgéeg %&Hﬁaaheu% WS”B%(%?%HP% or systens to a centralized
manuf acturing system U.S. Patent 6,721,618 to Baek et al teaches a system
and nethod for automatically generating SECS nessages for a process

control system U, S, Patent 6,556,881 to MIler shows an apparatus and a
process for intdgratater) ¢8409.106 fie Mullgn: Jradiselosees nratosobeoneder

controller having distributed architecture. U.S. Patent 6,532,434, to West
describes a modular data sensing and logging system. 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 6,721,618 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.



framework. U.S. Patent Application 2004/0040001 to MIler et al teaches a
nmet hod to predict device electrical paraneters during fabrication. U S 2
Patent 6,535,783 to MIler et al teaches processing of sensor data froma
process tool in an APC system U.S. Patents 6,725,402 to Coss, Jr. et al

and 6,546,508 to Sonderman et al disclose a nethod and apparatus for fault
detection of a processing tool in an APC system SUMVARY OF THE | NVENTI ON
It is the primary objective of the present invention to inprove the speed
and consistency of data collection in a process control system Another

obj ective Phtdrit® 585EENo MNee Bt AidBatised gropesyihgler sertofieh® frevier bet ween
the host and the equi pnment, which i nproves the speed and consi stency of

data col | geide8s tddd irkaR FESSFstEANTY @, P%Yé%t@@}?z%,{]dﬁ tlg@csssl?t}}.eéifat ve of the
invention 1s to provide a mddle | ayer between e host "and the equi pnent
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pr ocessor/classifier. | er Ive O rnvention i1s to

id i dal. bet. N dth [ wh i h
e 1 ayBropidh oPY PloShiRTe I R0 G B8 ore “del PVeri ng anta to the

host or equi pnrent. 3

SUMMARY OF THE INVENTION

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 middle 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.



Anot her objective is to provide a mddle | ayer between the host and the
equi pnent to performauto-reply, local data sanpling (single group), and
group data polling (nultiple group), thus relieving processing resources
of both the equipnment and the host. Yet another objective is to provide a
m ddl e | ayer between the host and the equipnent to provide auto-reply
nmessages to equi pnent to relieve processing resources of the host. Yet
anot her objective of the invention is to provide nessage routing and
filtering for a plurality of applications and hosts. The present invention

di scl oses a newAdather cbjdctes isoto previied mehiid yedbdweanthe dbst draytee bet ween
the host and the equi pnent, which inproves the speed and consi stency of

data col | eefjiipment bepsifeteh auicie@ly, Iddac 4RI RhgWsingid Hroupy, @rﬁ@sﬁ&;;@a&@
collection nethod functions as a data format converter as well as a data
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del i vering data to the equi p pr oposed ection
met hod enap 3§) dihe mddle Iayer to perforn1auto- reply, local data
sanpling, and group data polling, thus relieving processing resources of
both the equi pnent and the host. This allows inplenentation of APC on

ol der wafer fabrication processes using old equipnent. 4

Yet another objective is to provide a middle 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.



BRI EF DESCRI PTI ON OF THE DRAW NGS Fi g. l1a shows a flowchart of the nethod
of data collection of the present invention. Fig. 1 b shows a schenmatic
chart of polling group storage of the present invention. Fig. 1c shows a
bl ock di agram of | ocal sanpling of the present invention. Fig. 2a shows a
schematic diagramof traditional host polling of the prior art. Fig. 2b
shows a schematic diagram of the polling nethod of the present invention.
Fig. 3a shows a schematic diagramof a software protocol converter of the
prior art. Fig. 3b shows a schematic diagram of the enhanced software
protocol converter of tBRIBFEMERCRIPVION OFMTHEI QRASENG®Ws a flowchart of
the auto reply process of the present invention. 5 Fig. 4a shows an
activity diagramof |ocal data sanpling of the prior art. Fig. 4b shows an
activity diagramof |ocal data sanpling of the present invention. Fig. 4c

shows a flowcharlg ofy dHikyd PGNcHiR 8f FRRENBE PHAELESIRlioh BRI GEEN:

i nventi on.
invention.

Fig. 1b shows a schematic chart of polling group storage of the present

invention.
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,

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

converter of the present invention.

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



Fig. 5a shows an activity diagramof 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. DETAILED DESCRI PTI ON OF THE | NVENTI ON Advanced
process control (APC) inplenentation is fast gaining acceptance in

sem conduct or manufacturing as nmany manufacturers 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 inplenmentation is
to ensure an acdigateshaeed ah aotvigatiagranodl 1864l d2ta sapphng bt thefgrimaihe

equi pnent. The APC data collection requirenent has put nuch pressure on

t he equi prrent controller and host server. Systemintegrators have 6 often
encountered difficulties in integrating equi pnent due to | ow perfornmance of
the equi pnent t

equi pnent . Ls|ngm?ﬁgpQ¥§ﬁVQE?F§ﬁ §h ?QﬁgﬁF%%é%#%ﬁaﬁﬁ'wﬁégﬁe§ﬂ§§§§||y
limted eqylyyeBL controller perfornance or host performance. Upgradi ng of
t he equi pnent controller and host systemis usually not an option since it
can be very expensive. Furthernore, traditional trace data collection

nmet hods i nvol ve configuring the equipnment to send trace data periodically

and aut omat i caIE t'_@e hOﬁ%ahpp i cation. However, trace data nessages
are consi dered i}lg ArSTouG pliewehasbok theiloe deta srmplingprocess of the present

invention.

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

FFig. 5¢ 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



|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

met hod by enploying a m ddl e data processing |ayer, herein naned the

Enhanced Sofftana¢rcontered diffiddieintintegt AR quifHR @QMPlody® pReloRBheek of the
Equi pnment Status Request (SSR) to retrieve data from equi pnment, regardless

of group pajuipmeniogoritetied. Thit & SeMEidINGrUd fOPBIRS nsich OUR) ing).
The SSR is configured according to flzl gt Eamdard such asbggkﬁlﬁgé g)@/m?ﬁfgé

Seni conductoehvEaitiaata @Mdcidh ﬁ&rﬁ&hé&&&mgyhg%g' ep(f{@(gl))t c'z:a%'djoﬁl’?‘?”t

Comruni cation Standard (SECSI1). Accordi ng ent 1nvention, prior
to activati datk j ' ipitialized either by

pre-cont | gtrr e ene? BepetberbRiahertblaclnd Bl the b i S ckaRiehend st ned
command to P ring.to Fig. la, the initialization process (step
1) invol Vgg%ggﬁtt%uﬁﬁzég{%%om f’)'ﬁ'ﬁ%ft CGRYLEVEPERTER (SVID) that are of
interest, the sanpling or polling rate, the nessage destination, and so
on, for each sanpling group. During this initialization process,

i nformati on on acP %goup Wi |l be stored in the ESPC nenory as objects
100, as shown i AUENEMA, tragitipralitigserdaiacotestivotraethhds irvmbie epmdigprinddthe

equipment to send trace data periodically and automatically to the host application.
However, trace data messages are considered by the equipment controller 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 defauit host application is
responsible for re-directing all the messages received by the default 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 (SECSIHI).

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

7



must be unique as it is used to identify a particular polling group in the
ESPC. The invention inplenments a nulti-thread programm ng design to achi eve
the high speed requirenent. There are four thread systens running as shown
in Fig. 1 ¢c. A min thread 102 controls the entire data collection
process. A polling thread 103 handles the comruni cati on protocol between
the ESPC and the equi pnent. A nessage conversion thread 104 is responsible
for the formatting of messages from equipnment format to host format and
vice versa. A publishing thread pool 105 is responsible for sending out
data to théihidgaedaithenby pegraesfiguingrihe BERC inTheodiguratial fileatribyrsapupeess
begins after the ESPC receives a start command fromthe host application

(step 2 i ndefiged ﬂ:amméﬁubtostharBSRmrTR@Mnh%t@S |1b)’trﬁrlﬁmmlza@l@ﬁ%ﬁocé%s%teﬂﬂrt
group = 1. Upon receiving the command e ESPC Wi | change the group

status to asiiws |ﬁétﬁtﬁ?|ﬂ§)th@ﬁ@urp‘?ﬁédt@f@tu%%rldb?és (%f\/i[ﬁ/lgt rd 5OMB&L the

particular group (step 4) (as shown in er groups have

been acti vaheih@br %@ﬂl $§t@pﬁer}ges§5 o ﬂaw AELdvas on e%{l;‘ %‘rﬁﬂiﬁ,’gql $"0];H§-r

exanpl e, duplica remar fi ng _
(step 9). P“??'?'ﬁg*f“ @ﬁ%ﬂgﬁﬁ%&%bﬁmgﬁ%ﬁé& o ?ﬂ%{«ﬁg‘wt@%g?oﬁ%ﬁ%“éﬁ;@c
Bupl i cat ec G2 P e 1Hburs FVGHT 1 EBpd TonduPb TG netsHIwb s8siygrouPHe

pol I'i ng threagl 103, on receiving the start poll signal fromthe main thread
muUst bé unique as it is used to identify a particular polling group in the ESPC.,

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



102, will send out the SSR nessage at the specified sanpling rate (step 6).
Upon receiving the SSR nessage, the equipnent will process the nessage and
send out a reply containing the requested status val ues. The ESPC wi | |
decode the nmessage fromthe equi pnent based on the defined SVID val ue
format (step 7), store the data in a tenporary buffer, and update a fl ag
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 al so activates the publishing threads 105. There
will be osguipmendstendba, Rafesing to.Fig. 105a) esdrapleed bbtir geaph 1host 2 akda,
110b, ..., 110n. At the defined publishing interval, ESPC wll first check

for the avatdresi e $SBf mossagdabidl.coftiis oniysS\ioNe, B3, @xansnDuplicdted uUB's 3
avai lable flag set by the polling thread. If this flag is set, ESPC wll

start to pandessilidnly asidareonge Wik $SRaReSdaged 0" each active group, the
respective SVID val ues are read fromthe terrporary buffer and are

configured into the host recogni zabl e nessage format. The nmessage is then
publ i shed to the designated hosts (step 9). 9 Wien ESPC receives a stop

Fespective oroune SoPna3biEte Dauobiediung it Wiwadetn Foi st 'P‘fslg‘eth&?ﬁ“{/ by
message. | o el EN LT De SRaRESSRGR (° SPBHed SRR G G AT PN 5
received, receiving the SSR message, the equipment will process the message and send out a
reply containing the requested status values. The ESPC will decode the message
from the equipment 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).



all groups will be set to inactive and the SSR list will be enpty. Both the
polling and publishing threads will be put into a suspended node. The
present invention hel ps to enhance the data processing capability of the
host by reducing the host |oading. This can be achieved by reducing the
nunber of nessages required to be sent by the host. Instead of sending a
request nessage to equipnment periodically for every group, with the

i npl enentation of the present invention, the host need only send three

di fferent conmand nmessages for each sanpling group ESPC. These command
messages are: 1)WhaeBSHQ redeiveata stopcommad fomainglyrduy tstad 1ap s wihehgnge!p
objects (this command is optional if the group is configured in ESPC

directly), t2g stdtes st thbtresuviRadrodn® idhctivieearkt R GRBMANGVIT S is Rauasd 2b

u
show a conpari son between traditional host polling (Fi'g. 2a) and the

present i nvaRtbypthis §ioud. T%@SSR@n@&%&%ﬂ??@%@%nﬁ%&%&?@(&%g{r@?%ﬂgi‘bﬁmr{ on,

ES(F;C i ncorporates a nmessage auto-re unction tla rurtl f Itates
br i mar ;"%@i%;%?%*% %%%%E‘*?%%@fn%weﬁﬁéfﬁ%%% e felo K AR B r@.‘éé@fsags,
e normal P Ord A ERTEES B Finefie SRR SRR vl o Shintve B0ty PRI #eF 10

the Whbit in,the bl ock header, whi ch indicates whether or not the sender of
a primry HB@E@%“E?%W@% PEAMp @ pigpendgdimedst rates the activity

di agram of the traditional auto-

The present invention helps to enhance the data processing capability of the
host by reducing the host loading. This can be achieved by reducing the number of
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).

[n 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 normaily in a standard format. Auto-reply is achieved by modifying

10



reply cycle. Referring to Figs. 3b and 3c, the auto-reply function of the
present inventionis illustrated. ESPC will check every primary nessage
fromequipnent. If the nmessage is configured such that auto-reply is
required, ESPC will set the nmessage's Whbit to zero before forwarding the
message to the host so that the host will not need to send a reply. At the
sane tinme, ESPCwll forma standard reply nessage and send it back to the
equi prent. In nore detail as shown in the flowchart in Fig. 3c, in step 31,
the equi pment sends out nessages. In step 32, ESPC receives nmessages and
stores thertheNV bitdmibing/blobk hetagr, &&;Crﬁﬁ%awsamaﬁér éh@otﬁﬁ@b&ndhrttﬁ a @&
equi pnent nessages. ESPC configures the equi pnents’ nessages into host

dat a f or matmé¢sdage SdpctsESRGly. Skigdsa ihetEREIA BBt &lﬁgrafﬁ@& thesfRMtiorR) auto-
Finally, if areply is required, ESPC sets the reply bit to zero (step 36)

and sends aeplgRl¥lemessage to the equipnent. Fig. 4a shows an activity
diagramfor traditional |ocal data sanpling. Normally, a host request
consists of types of data to be collected and the tine interval to collect
such data. In a typical tinme series data col l ection inpl errentati on, the

ggrsrta! ;NinlgI rzsgd %%Frfn ceﬁ%’%gﬁ}?e'ﬁchc’c trehmggmé:&equ prgt\sll%tptéév?rﬁlgn IS
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is configured such that auto-reply is required, ESPC will set the message’s W bit to
zero before forwarding the message to the host so that the host will not need to send a

reply. Atthe 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. 3¢, 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 to 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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This task in nost equi pnment controller operating systens is considered as a
| ower 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 collection interval. In sonme cases, equipnent
performance can al so be affected when multiple traces are turned on at the
sane tinme, resulting in lower throughput. This is not an acceptable
condition. In the inplenentation of the present invention, the mddle |ayer
ESPC helps to relieve the load on the equipnent. This is illustrated in

the acti vi tRrogessgtogmbiinh Higydatdho tiae tostrat tihe rédduewaitanterdl (Mimuft 1 sEhéndiost
request is sent to the ESPC instead of to the equipnment. The ESPC

processes thhds tague stostRduiphadrit Sobtrbildipet RirgQlysRihs Qaécﬁ‘lsLd'e(P@a ab B8ower

equi pnrent and distribute the information to the host at the require

interval . Thierityerdk PVeRén GREJUANHEAt dohticRb) E‘ﬁgwlﬁ%rbgé%éégggéerﬁﬂgné’“t%

have nore resources for the actual processing etail?y
referring bAblidhthe ' cts. t SPC to begin data , collection
(stop a1). BrePElstng s RBPeRTE” riis dSu Rk dhsraehe ke dafior

(step 42). P fi es the reguest intp the proper format for the
equi pnent c@%céféﬁd e?\gé?n'dlrggéﬁg GPRES LHUPTEENY qrgﬁ”Pgﬁagﬁsqt@ﬁﬁﬁ@t%Wr@ﬁent
(step 44). T ui pnent receiv the data request (step 45), retrieves
the dat a ARG AGeB RE hup&T S 5 fhe SampimernesaRUndome! s ahnhe ThHatia
into the hos{9 format (step 46) and sends the data to the host (step 47).
The host r BeEPNEECERIRDIGL0RYItIgPep 48). Steps 44 t hrough

In the implementation of the present invention, the middle layer ESPC 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 controlier 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
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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 diagramof group data polling of the present invention, as shown

in nore det8idre rapeaed & Ipavidudrtnudhbdricd timdstor ubtie a BRIPsipeSIas Y&k GRABe out
to the equi pnment the host's requests. Upon receiving a request, the

equi prent  Restdsy ALk tIRNBoslas afidRRAEs: &ﬁa%ﬁecﬁ@ﬁf@s cEHﬁ)rI]etgﬁPgeﬁ(ﬁkeé‘ st | ects

all data received fromthe equi pnent and classifies the data 1nto groups.

In the tragjdsk | qu%tlfl%d, ui pnrent woul d have to send nultiple data
€ éé)@%o ecpg%%?elﬁ%'

nmessages to th ost. invention effectively reduces the nessage
traffic between the equipnent and the host. In nore 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 nor.y step 52).
The ESPC confi gi'eéd O't"ﬂé’oﬁ'BQt log(a I8 ernpPgent is gieatly r‘?ﬁt"ﬁdf@rthﬁt (step
53) by conbining the request with existing active groups and sends the
request t oMMEMCBRHPP PEHIe prosept inygntior OBl WINerBALCStaesASS i kebe 6g0fdot and
sends out each of the
the equipment regardless of the number of polling groups. Fig. 5a illustrates an
activity diagram of traditional group data polling. Fig. 5b is an activity diagram of group
data polling of the present invention, as shown in more detait in the flowchart of Fig.
oc. 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

13



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 13 host (step 57). The host receives the data (step
58). Steps 54 through 58 are repeated a particular nunber of times until
all collection groups are stopped by the host. When 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 equipnent with mniml inpact to the current system This is
achi eved byosheténbiy -Tire hostseegiecs thatdang (stegd 58).| tRepa g4 eapabh bbtare
Applications such as APC usually require integration of the equipnment for
real -time depeatedklmetiduoar. ndriBeh dfitienad dintil al f&@ﬁ@cﬁo@a@bbﬁ@é@é}ép&@@b%@

requests individually to the equi pment and the equipnent replies

separ at el y hbgt. tWieARRE heat i AR8sfictihst i r&ﬂé@@&@%@ﬂﬁ%ﬁ i Q8A4EY st

3
Alternately, one host application nay have the cap y tore-rdute the

equi pnent ﬂ?e%%ﬁggtcg the @éb@r(ﬁg%s@appl i cations which increases host |oading.

In the present Fnvention, t PC provi des a nessage routing and
filtering function to avoid the above problens. Any application interested
i n equi pment nessages can register with ESPC by streans and functions,

defined in SEM | standards, as well| as by an application identifier.
Wien the ESPC réggi%v{?&'“ tﬁ??ﬁﬁa Helanglthird paryappiseians aftheexistingt ri eve

stream and function_and check against the |ist of subscriptions to find
i nt er est edequipment with minimal impact to the current system, This is achieved by the buift-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,
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applications. ESPC will then publish the nessages to each interested
application. The inplenentation of the present invention has the foll ow ng
advant ages: 1) inproves data collection speed and consi stency during the
manuf acturi ng process, 14 2) enhances data collection and processing
capability in an APC environment by relieving the processing resources of
bot h equi pnent and host, and 3) enabl es equi pnrent without tracing ability
or with limted CPU resources to provide accurate and consistent data

coll ection. The ESPC of the present invention can be provided as a conputer
program pridnbancahdatacmiietiem aibpoesssag capsbilly i9anaPBC eanpsrirasntviyt h t he
Mcrosoft(r) Wndows(r) operating system (Wndows(r) 2000, XP, 2003). The
program i s relieit@theasrosessMaeaonides FeW 66sipRePgbAdhbEakngan be configured
to be started automatically when the conputer is started and run as a

backgr ound )epeBRs. eqﬁﬁﬁrﬁ@r‘\’t%tﬁo@?tr@&%%erIWPFWRH‘ﬁhﬂEBtCﬂJ ré%r@%ﬁg@ﬁ}{)wde

i nventi on has been 1i1llustrated, and orm has been desc

detai l, Wlf‘urlaté)énc‘j gggé!g%gygg@ﬁgig% those skilled in the art that

vari ous rmd Ications na eéin without departing fromthe
spirit of the invention or fromthe scope of the appended clains. Wat is
clainmed is: 15 CLAI ME:

The 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
iltustrated, and that form has been described in detail, it will be readily understood by
those skilied 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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1. Anethod for collecting data froma plurality of processing equi pnent
conprising: receiving froma host systema request to collect data on a

pi ece of said processing equipnent; formatting a request for said data;
sending said formatted request to said piece of processing equipnent;
thereafter receiving said data fromsaid piece of processing equi pnent;
formatting @dilMSdat a recei ved; and sending said formatted data to said host
system 2. The method of Claim1 wherein said request fromsaid host system
conprises: a list of sanpling groups requested. 3. The nethod of Claiml
further corfp/ miettyd foecaliecting dataofrosiad glubaisy oﬁﬁ@t@mﬁ? eqliipRidnt @Bmetising:
sanmpling groups wherein said definition of each sanpling group conprises a

listing of equi pematiing fretiis hoal sydaS re@ue§ﬁ6ﬂ!o!l@ét dHta BR'aIJMQQe bet&d and a
nmessage destination. 4. The nmethod of Caim3 wherein said receiving of

sai d defi nipfd@Rsply &RiPhE groups is in a configuration file. 5. The
nmet hod of 81 aim3 Fp]f(‘;\/\/nerel nmgal d receiving of said definition of sanpling

groups is as asg ﬁ.[gm{cbd Cﬁmsfﬁjr%akboa%asystem 16 6. The nethod of Claiml
recei vi

further conprising romsai d "host system a request
sending said formatted 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 to said host system.

2. The method of Claim 1 wherein said request from said host system comprises:

a list of sampling groups requested.

3. The method of Claim 1 further comprising:
receiving from said host system 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.

4. The method of Claim 3 wherein said receiving of said definition of sampling groups

is in a configuration file.

5. The method of Claim 3 wherein said receiving of said definition of sampling groups

is as a command from said host system.
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to stop collecting data on said piece of processing equipnent. 7. The
nmethod of Caiml1 wherein said formatting said request for said data
conprises: creating a nessage in a format suitable for said piece of
processi ng equi pnent; and including only one copy of each of duplicate
process variables to be collected. 8. The nethod of Claim1l wherein said
formatting said data received conprises: creating a nessage in a formt
suitable for each host system and classifying said data received into
groups as requested by said host system 9. The nmethod of Caim1l wherein

sai d sendi 16g Thairdethed oé Staith ﬁa;rmetr@o&@ri@idg%&eimgshﬁmsﬁ@imét %?&ﬁeﬁﬁé‘%c{ﬁ&st
said data at a requested tine interval. 10. The nethod of Caim1l further

conpri si ngto E@pedoNeBEhPaAtARYs AR PRRGEST dhoBsiRl Shupiigs of processing
equi pnrent; and sendi ngs said pri Eary rrepfssagezﬁtégq@acﬁm(s)f a list of
applications interested in said primary nessages. 11. The nethod of Caim

10 further conprising: checking if each of said primary nessages has an

aut o-r epl y-opt,j ; formatting,each of sai ri.ljary nessages

into a for Zra?ﬁ%ﬁﬁt%# g]ee@%éa‘é’ﬁgr@fn §g'|%cf0”7' 8y é@idéﬁqﬁﬁﬁﬁp'g%ﬂ'ggﬁ !
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.

8. The method of Claim 1 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.

9. The method of Claim 1 wherein said sending said requested data to said host

system comprises sending said data at a requested time interval.

10. 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 interested in

said primary messages.

11. The method of Claim 10 further comprising:

checking if each of said primary messages has an auto-reply option turned on;
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setting to zero a reply bit in each of said formatted nessages before
sending said formatted nessages to said interested applications; and
sending an auto-reply nmessage to said piece of processing equi pnent for
each of said nessages having said auto-reply option turned on. 12. The

met hod of Claim 10 wherein said primary nessages conprise alarm nessages
or events nessages. 13. A sem conductor fabrication process control system
conprising: at |east one host system which can request data and ot her
information fromat |east one piece of processing equipnent; and an
enhanced sof t waf@mattotgoeath daaiceptieanpeiebsagdsigid i éorfnatglitams fofedobagisgidg
said data and other information fromsaid at |east one host system

convert i ngirdeiedtediedppliastibret her information fromsaid at | east one host
systeminto a format suitable for said at | east one piece of processing

equi prent;  sengétiieg Sakéhol LR} bieth SadiPorifia Rirhekiel ’?ﬁé’és?g%b%’éfé ﬂﬂiﬂgat

| east one 10 piece of processing equipnent; recelving ddta and

i nformati OgalaerJH]astfédjrnéés%fe%ﬁB S%Rflnrf’érgg!%doerp iPX %ghgiséh@g equi prrent 18

converting said data and nt or mat i on | east one piece of
sending an auto-reply message to said piece of processing equipment for each

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

12. The method of Claim 10 wherein said primary messages comprise alarm

messages or events messages.

13. 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:
5 receiving said data and other information from said at least one host
system;
converting said data and other information from said at least one host
system into a format suitable for said at least one piece of processing equipment;
sending said formatted data and other information to said at least one
10 piece of processing equipment;
receiving data and other information from said at least one piece of

processing equipment;
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processi ng equi pnent into a format suitable for said at | east one host
system and 15 sending said fornatted data and other information to said at
| east one host system 14. The systemof Caim 13 further conpri sing:
receiving fromsaid at | east one host systema definition of sanpling
groups requested wherein said definition of each sanpling group conprises
a listing of equipnent status variables, a sanpling or polling rate, and a
nmessage destination. 15. The system of Caim 14 wherein said receiving of
said definition of sanpling groups is in a configuration file. 16. The

system of O aim 14 weeneeningaaidi data eindioligerahfosbbodlabimnédii anicakt 6a6TPldcBGY
groups is as a comuand fromsaid host system 17. The systemof Caim13

wher ei n saiptooddsrig eqiipment ineha feeRitsadahle s $3d dt Rhst 88 ho t%nﬁterﬁ‘?,s%nosys'[ em
conprises: a request to start collecting data for a partlcu'?a sanpl i ng

group; #hd a requesikch@nglsaR I%%Lﬂﬁ%& yﬁ%r%ﬁ]&hgpfnf&npaqirowtg %é@%ﬁ%gﬁgn%gf ‘om

group. 19 18. The systemof Caiml sal d convertrn

said at |eggkt Qifemhost systeminto a format suitable for said at |east one
pi ece of processing equi pnent conprises: creating a nessage in a fornmat
suitable for said piece of processing equipnent;

14. The system of Claim 13 further comprising:
receiving from said at least one host system a definition of sampling groups
requested wherein said definition of each sampling group comprises a listing of

equipment status variables, a sampling or polling rate, and a message destination.

15. The system of Claim 14 wherein said receiving of said definition of sampling

groups is in a configuration file.

16. The system of Claim 14 wherein said recetving of said definition of sampling

groups is as a command from said host system.

17. The system of Claim 13 wherein said other information received from said at least

one host system comprises:
a request to start collecting data for a particular sampling group; and

a request to stop collecting data for a particular sampling group.

19



and including only one copy of each of duplicate process variables to be
collected. 19. The systemof C aim 13 wherein said converting said data
fromsaid at | east one piece of processing equipnment into a formt
suitable for said at | east one host system conprises: creating a nessage
in a format suitable for each host system and classifying said data
received into groups as requested by said host system 20. The system of
Claim 13 wherein said sending said fornatted data to said at | east one
host system conprises sending said data at a requested tine interval. 21.
The syst emst Top&vaersolhiaiai 13 whereiresaidsondersiog saiar datp fronosaill at temsboner
al so perfornms the functions conprising: receiving primry nessages from
sai d at | edost systepiisios foirmat ccitatse fuy saiai Ipesindre piade sEpicegsis@ieduipriamar y
nmessages to each of a |list of applications interested in said primary
messages. 20ni#Risedhe system of C aim 21 wherein said enhanced software
prot ocol converter also perforns the functions conprising: checking if

h of said pri i | iRB:equi :
each of said pricFatngEEseasss s*ﬁaasfcff‘ﬁla%u@aﬂlfgir{aéaﬁgéﬂe%O?Hlfdtﬁggfngﬁfegunpgnerﬁ, of

formatti ng each of said prinmary nessages In mat s r "eac
said and

including only one copy of each of duplicate process variables to be collected.

19. The system of Claim 13 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.

20. The system of Claim 13 wherein said sending said formatted data to said at least

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

21. The system of Claim 13 wherein said enhanced software protocol converter also
performs the functions comprising:

receiving 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.
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interested applications; setting to zero a reply bit in each of said
formatted nmessages before sending said formatted nessages to said

i nterested applications; and sending an auto-reply nessage to said piece of
processi ng equi pnent for each of said nessages having said auto-reply
option turned on. 23. The systemof Caim21 wherein said prinmry nmessages
conprise alarm nessages or events nessages. 24. An enhanced software
protocol converter in a process control systemconprising: a nmain thread
controlling a data collection process in said process control system a

pol I'i ng t hr@adhprsgsiedi nfCraomminiieereirosaibl @haetedadftvaBhaceesl GRVEMSF Siso
prot ocol converter and equi pnent; a nmessage conversion thread providing

conver si on pefforres sixgRirfcdon@tompaghghost format to equi prent format and vice
versa; and a publishing thread pool sending data to a host at regular

intervals. 21 %ﬁeoﬂﬁ@if%éﬂggy}%‘;} RarY élsé%%rs‘ﬂa@.a?@étﬂoﬁgﬂ?%%%%z&hg%rn?

prot ocol converter provi ocal data“sanpling and ‘gr oup
T o Par 2 R G U TREA O B0 SRR BB LS
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.

23. The system of Claim 21 wherein said primary messages comprise alarm

messages or events messages,

24. An enhanced software protocol converter in a process contro system comprising:

a main thread controlling a data collection process in said process control
system;

a polling thread providing communication between said enhanced software
protocol converter and equipment;

a message conversion thread providing conversion of message format from
host format to equipment format and vice versa: and

a publishing thread pool sending data to a host at regular intervals.
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27. A conputer program product conprising: a conputer usable medi um having
conput er readabl e code neans enbodied therein for causing a conputer to
comuni cate data between a plurality of devices in a process contro
system said conputer readable code neans in said conputer program5
product conprising: conputer readabl e program code neans for causing a
conputer to receive data collection requests froma plurality of host
systens; conputer readabl e program code neans for causing said conputer to
format said data collection requests for a plurality of processing

equi prent ; 2P0 TO8Hystean of Elaimplewpeisdr said cotancehssitiare ralesohgrvaitdr
conputer to send said formatted said data collection requests to said
plurality dfoyides&ydoes) datpusameling and grquptdata peidgbl e program code neans
for causing said conputer to receive data collection results fromsaid
plurality of processing equi pnent; conputer readable program code nmeans for
causing said conputer to format 15 said data collection results for said

plurality ob. MAskysht 6MBaidPd WiterefR4Y %ﬁhéﬁ@é@@é&ﬁvﬁ%ﬁ@@lc&%%rq&ans for

causing said conputer to send saild formatted sal ection’results
to said pl dealiddsyy BfurQRbeﬁéfﬁts?/%mé& The conput er program product of
I ng:

Claim27 further conpri
27. A computer program product comprising:
a computer usable medium having computer readable code means embodied
therein for causing a computer to communicate data between a plurality of devices in a
process control system, said computer readable code means in said computer
program
5  product comprising:
computer readable program code means for causing a computer to receive data
collection requests from a plurality of host systems;
computer readable program code means for causing said computer to format
said data collection requests for a plurality of processing equipment;
10 computer readable program code means for causing said computer to send
said formatted said data collection requests to said plurality of processing equipment;
computer readable program code means for causing said computer {o receive
data collection results from said plurality of processing equipment; |
computer readable program code means for causing said computer o format

15  said data collection results for said plurality of host systems; and
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conput er readabl e program code neans for causing a conmputer to receive
fromsaid plurality of host systens a |ist of sanpling groups requested.

29. The conputer program product of C aim 28 further conprising: conputer
readabl e program code neans for causing a conputer to receive a definition
of sanpling groups wherein said definition of each sanpling group

conprises a listing of equi pnent status variables, a sanpling or polling
rate, and a nessage destination. 30. The conputer program product of Cl aim
29 wherein said neans conprises a configuration file. 31. The conputer
progr am product OfMRAtYirRrOePIGmEIERM eatlednaeanfor canpingssedd eompuatentmsirid om
sai d host system 23 32. The conputer program product of C aim 28 further
conpri si ng:Saibipptieled saigdiaia solratignaesuisde smishpisirdiity ofhostispgtemsconput er t o
receive fromsaid plurality of host systens a request to start collecting
data for a sanpling group. 33. The conputer program product of C aim 28
further conprising: conputer readabl e program code neans for causing a

conput er t @8r heicumputdr@rogratpRldueedr C4in L 7ha8kerSobthSEn@ request to stop
collecting data for a sanpling group.
computer readable program code means for causing a computer to receive

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

29. The computer program product of Claim 28 further comprising:

computer readable program code means for causing a 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.

30. The computer program product of Claim 29 wherein said means comprises a

configuration file.

31. The computer program product of Claim 29 wherein said means comprises a

command from said host system.
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34. The conputer program product of C aim 27 wherein said conputer readable
program code neans for causing said conputer to format said data collection
requests for a plurality of processing equi pnment conprises: creating
messages in formats suitable for said plurality of processing equipnent;
and including only one copy of each of duplicate process variables to be
collected. 35. The conputer program product of C aim 27 wherein said
conput er readable program code neans for causing said conputer to format
sai d data llection results for said plurality of host systens conprises:
creating négstﬁ%goﬁnﬂ?ug%rpﬁ%@@%wpﬁaﬁwCf?larm §§ifuﬂ%¢rmoammrtsyng§f host systens;
and classifying said data received into groups as requested by said
plurality of hog?mpg%f%%ab@m@@mm@redﬁwmf@r cpusigy amopnmdeicto re€eiGbai m 27
wherein said conputer readable program code neans for causing said

conput er t Bogesaid phurdity of hast systesas d rdquest te stareatlicoting estalfbea tsanp#ihg
plurality of host systens conprises sending said data at a requested tine
i nterval. @PupThe conputer program product of C aim 27 further conprising:
conput er readabl e program code nmeans for causing said conputer to receive
primary nessages fromsaid plurality of processing equi pnent; and

33. The computer program product of Claim 28 further comprising:

computer readable program code means for causing a computer to receive

from said plurality of host systems a request to stop collecting data for a sampling

group.

34. The computer program product of Claim 27 wherein said computer readable
program code means for causing said computer to format said data 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.

35. The computer program product of Claim 27 wherein said computer readable
program code means for 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 piurality of host

systems.
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conput er readabl e program code nmeans for causing said conputer to send

said primary nessages to each of a list of applications interested in said
primary nessages. 38. The conputer program product of C aim 37 further
conpri sing: conputer readabl e program code neans for causing said conputer
to check if each of said primary nessages has an auto-reply option turned
on; conputer readabl e program code neans for causing said conputer to
format 5 each of said primary nmessages into a format suitable for each of
said interested applications; conputer readable program code nmeans for
causing said conputer to set to zero areply bit in each of said formatted

messages [36f dhe copmditergprogiath praduet dfedlaimeTsagasirt a6 abmhputtreessgitnd
applications; and 25 10 conputer readabl e program code nmeans for causing

sai d conmppt&yratrocRhedns FWRsBRIa BERDALE td BoSRbSdRERSARRI dild @@ prent
for each of said nessages having said auto-reply option turned on. 39. The

conput er RLALHRM BEQHHG s ggré\it%’?ﬁo E@n%4€&hﬂr|%:{[ %@Yq%?ﬁﬁ%? ata

conpri se al arm nmessages or events nessages ocal data

Zarrpl i ng ?é)cﬁﬂérsitecd @% iﬁt)er\fa?.cei ving froma host systema request to coll ect
ata on a ptece o

37. The computer program product of Claim 27 further comprising:

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

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

messages.

38. The computer program product of Claim 37 further comprising:

computer readable program code means for causing said computer to check if
each of said primary messages has an auto-reply option turned on;

computer readable program code means for causing said computer to format

5  each of said primary messages into a format suitable for each of said interested

applications;

computer readable program code means for causing said computer to set to
zero a reply bit in each of said formatted messages before sending said formatted

messages to said interested applications; and



processi ng equi pnent for a data sanpling group; b) formatting a request for
said data; 5 c) sending said formatted request to said piece of processing
equi pnent; d) thereafter receiving said data fromsaid piece of processing
equi pnrent; e) formatting said data received; f) sending said formatted
data to said host systemat a requested tinme interval; and 10 g) repeating
steps ¢ through f until a defined nunber of data sets have been sent to
said host systemor until receiving fromsaid host systema request to
stop dé&ta sanptémguieoreahibie prangearsampki mgangiod epusidd saltheomptthotb efndChai m
40 wherein said formatting said request for said data conprises: 26
creating autesphgecssagr tbaaiBprosdbsiagleguipphertdbtefiressad niys86€6$ hadng

equi prent; and including only one copy of each of duplicate process

vari abl essiig Reo-fPi 8pti®tturndfonThe nethod of O aim 40 wherein said
formatting said data received conprises: creating a nessage in a format
suitable for each host system and classifying said data received into
groups as requested by said host system

39. The computer program product of Claim 37 wherein said primary messages

comprise alarm messages or events messages.

40. 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;
5 ¢) sending said formatted request to said piece of processing equipment;
d) thereafter receiving said data from said piece of processing equipment;
e) formatting said data received;
f) sending said formatted data to said host system at a requested time interval;
and
10 g) repeating steps ¢ through f
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 data sampling

group.

41. The method of Claim 40 wherein said formatting said request for said data

comprises:
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43. The nethod of O aim 40 wherein said sending said requested data to said
host system conprises sending said data at a requested tine interval. 44.
The nethod of C aim40 further conprising: receiving primary nessages from
sai d pieces of processing equipnment; and sending said prinmary nessages to
each of a list of applications interested in said primry nessages. 45.
The nmethod of Claim44 further conprising: checking if each of said primary
nmessages has an auto-reply option turned on; formatting each of said
primary nessageiating@ messageain sidrnabkeitdtbe feaeid pikcs af grodessiegesiugsnent;
applications; setting to zero a reply bit in each of said formatted
nessages beflore sending said fornmatted nessages to said interested
applications; and 27 sending an auto-reply nessage to said piece of

processing equirekirg émz oRRUDPYQF cpidh @f ABSIRAAS Brded¥s erisRkd tdHE QuliERbLY.
option turned on. 46. The nethod of C aim 44 erein sald primary nessages

conprise alarm nessages or events nessages. 47. A nethod for group data
polling conprising: a) receiving froma host systema request to coll ect

g?gﬁpgf‘ A4P1PEE nnoPEPERAR AW G PR Forh i) §aid d R F& AL PosalRdd g
creating a message in a format suitable for each host system; and

classifying said data received into groups as requested by said host system.

43. The method of Claim 40 wherein said sending said requested data to said host

system comprises sending said data at a requested time interval.

44. The method of Claim 40 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.

45. The method of Claim 44 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
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b) formatting a request for said data; 5 c¢) sending said formatted request
to said piece of processing equipnent; d) thereafter receiving said data
fromsaid piece of processing equi pnment and classifying said received data
into said data sanpling groups; e) formatting said data received; f)
sending said formatted data to said host systemat a requested tine
interval; 10 and g) repeating steps ¢ through f 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 said all of said data

sanpl i ng gr oupsserfing Fhautetdmdneissghaidndd p%&r&'dﬂoé@és%gfé&dﬁhbhﬂgr 83t

request for said data conprises: 28 creating a nmessage in a

sui tabl e f of ssidinfediages halinr-erasbne tiBR% nd i ncl udi ng 0“' y one
copy of each of dupl |gcate prgocess varquweEs t@qqge O@ol | ected. 49. The

met hod of Claim47 wherein said formatting said data received conpri ses:
creating a nessage in a format suitable for each host system and

g;gf;'ﬁf yi ngs SAAnAi R 5G9 Wit Qi Ao BimAry med gaegsetset(;jon? rlsseaélgrrrr]]OSt

messages or events messages.

47. A method for group data polling comprising:

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

b) formatting a request for said data:

5 ¢) sending said formatted request to said piece of pracessing equipment;

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

e) formatting said data received;

f) sending said formatted data to said host system at a requested time interval,

10 and
g) repeating steps ¢ through f
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.

48. The method of Claim 47 wherein said formatting said request for said data

comprises:

28



50. The nethod of C aim 47 wherein said sending said requested data to said
host system conprises sending said data at a requested tinme interval. 51
The nethod of Cl aim47 further conprising: receiving primary nessages from
sai d pieces of processing equipnment; and sending said prinmary nessages to
each of a list of applications interested in said primry nessages. 52.
The nmethod of Claim51 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

appl i cations; seréating 4 message i & €At BUltaklb fea&dd Efecé%f%réders%bte‘%ﬁnpment
nessages before sending said formatted nessages to said interested

applicationgid and 29 sending an auto-reply nessage to said piece of
processi ng equi pnent for each of said nessages having said auto-reply

option turned OmciGding BRAf c‘}ffea%?h%f%@ﬂcé@%ﬁ?&ée@s%hgbl%it&%é%ol?‘eac?téé‘.ges

COI'TpI’I se alarm messages OI’ ts nessa

49. The method of Claim 47 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.

0. The method of Claim 47 wherein said sending said requested data to said host

system comprises sending said data at a requested time interval.

51. The method of Claim 47 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.

52. The method of Claim 51 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
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sending an auto-reply message to said piece of processing equipment for each

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

53. The method of Claim 51 wherein said primary messages comprise alarm

messages or events messages.
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