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SENSOR | NTEGRATI ON FOR A PROCESS MODULE BACKGROUND OF THE | NVENTI ON The
present invention relates to the manufacture of sem conductor rel ated
devices. More particularly, the present invention relates to inproved

t echni QWL 7 manuf act uri ng seni conductor rel at ed d®EITAS8L/087H t he

manuf acture of certain types of sem conductor devices, at various tines
sem conduct or devices may be placed in process nodul es for etching,
deposition, 10 polishing, etg. W ! tol erances required in

t oday's sem conduct or chipsE§¥Eg¥di§ﬂ$égégE¢$%plays, vari ous sensors may be
required to nonitor the process nodule. Sone sensors may be separated from
t he proces PTG AND PIARTSENSGRINTESATION HOR ASPROCESS MODUEEr st
conputing systemand the sensor is driven by a second conputing system
where the first conputing systemand the second conputing 15 system do not
exchange data in real tine, S%nggﬁo I ' f_intormation between the
process nodul e and sepa B?uy '@Rﬂgngﬁilt. In addition the
exchange of data between the process nodul e and separate sensors may be

difficult. Sone_.sensors may be.connected to. the.process . These
sensor s’ coul d etm%spnmgw{/egﬁ?wée}qgesg s et o1 %Ofssx%g?cé) rr%éuctt%ggg%rge directly
connect ed i&QidehEMBIASESTIaZR), 1D Prebat BivedthRytclmy idiBgpréved t@hnigués fog syst em of
the process nodule as their conputing system Such sensors can exchange

data with mreufptsingssmirgadiciorrelateddevicesi ne. Often different sensors have
different protocols. For each sensor the conputing system of the process

modul e woul d bey, LOGLAETRRe bEcef@ARYPEs VE fhibHRuBbOdnRs, adfaricufgmegnsor
possi bly requiring the creation of 'a different driver for each sensor. Each

25 driver semytvnduasondevises hay byidedefl improresh motules fy ctebingedrasitiaich as
in

conman t 0.s.gnal & | ar ng'!ﬁzn Sask i-ndi cat e when
vari oug)sprlz)o(!1 g’sefme'pslar%lee Sn}mr%i@%lg{bgg?%ruﬂé‘?%ggn %e i iin a(fgﬁsiogn,

di fferent Sapaw disphys, gaives atsod infalyde esfuireq pemofor tiggtracesomodid¢e. t he dri ver
m ght need to Specify how the process nodul e woul d use the specific type

of data from thg, ReR3Rks may e Shikl BOmihe Froflsh Kl hndE R pRERF" 15 time

module is driven by a first computing systemn and the sensor is driven by 2 second

o

computing system, where the first computing system and the second computing
15  system do not exchange data in real time. Synchronization of information between the
process module and separate sensors may be difficult. In addition the exchange of

data between the process module and separate sensors may be difficult.

Some sensors may be connected to the process module. These sensors could

either have their own computing systems that are directly connected to the process

20  module or they may use the computing system of the process module as their
computing system. Such sensors can exchange data with the process module in real
time. Often different sensors have different protocols. For each sensor the computing
system of the process module would be programmed to comply with the protocol of
the sensor, possibly requiring the creation of a different driver for each sensor. Each

25  driver might require the specification of many commands, such as commands to signal
an alarm, stop the process module, and fo indicate when various process steps are
initiated or discontinued. In addition, different sensors may generate different types of
data so that the driver might need to specify how the process module would use the
specific type of data from the sensor. The creation of a driver for each sensor is time
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30 SEP 2004 WD 01/ 75617 PCT/US01/ 08719 consuning, possibly takindg ds SARp)
as one man year. |f the process nodul e nanufacturer does not take the tine
to create a driver for a particular sensor the user mght not be able to
use that sensor with the process nodule. In addition, even if a driver

exi sts Marosegnsor, the user may have to perform varipugusiiggsoet o i nstall
a driver in a process nodule and specify specific data to be sent to or
recei ved froma sensor. To renove the sensor fromthe process nodule, a
user nay needswEng @essilyiakingias nwelhps ongmeRE YEAT Ithepressss medidé as renoving a
driver and ngﬁllu?a}c{:u?&.cﬁ %?ﬂ%ﬁﬂ{e%étgfcpera%dx%rfotrg Q&icﬁ%f‘éen%&tﬂéusfe?ce' ved
froma sensor. Tn View o e foregoing, 1t 1S sirable to provide a
processi ng nsighimeibe shle to @8 thal fensorpwithcths pronesd slogtuleh dt advition) evandfinected to a
plurality of sensors, wherein the rocessiag syst em does .not._ need to be

pr ogr ammred JFBCTRASEHION & PSNSRTs ths MET Saghaveip Pefitm ¥arlous stepsiodnsigl a fdvidesi r abl e

Lo provisde ifa BrAGSINAE SN SN bhRicHalsddBe Mt 1d BBAERLIRA Rlerignsor's [ nto

t he process at allows”the sensors to exchange information with
t he pr ocesJongneyesthe senaprt frooytheipnecessanieiuld, o isgr npayogedtorteniyrm additopalARY OF

THE | NVENTI ON The. i nyentiqgn_rel at.es, .l odi ment 0. rocessi ng
syst em t hat™ SHETREE S}%R?’g}’l irgrﬁ%l% %dll%%ﬁ g@fg&?t%ggc omtands fosr é’?ﬁ\‘?%rla%on

r el at i onshigpbe whetoir fece¥ed fomanenwant rol 20 conmands are exchanged bet ween
t he processing system and sensors. These and ot her features of the present

i nvention wll i)e .descr.i hed i.n nmar .dﬁt?il b%l owin the detail ed
description of TRESYSEEETERCng & i Fesiaip \UpreTiosa RigeLritt ool 4R ng
figuresg BRpRReRERRINARAOM GF cdinbettRO\W NG IRoR] WEGHH thevention is

illTustrated by way of exanple, and not by way of Ilimtation, in the
figures of ProsessgsBHERLYERYt Brcdvp brjprogisgimed tamatah variges preipeelepte nuneral s

refer to simlar Ale | he D rdel loord i jc view of a
process mgﬁdélggﬁn%l)%gﬁ@%?% |ne<|'§1J]%r e'fﬁggpreg Sgienﬁt%%%nne@hat% of the invention. WO
01/ 75617 Piifégrddh/cii8atkers into the process module that allows the sensors to exchange

information with the processing system with minimal additional programming.
15
SUMMARY OF THE INVENTION

The invention relates, in one embodiment, to a processing system that shares
information with sensors in a client-server relationship, wherein recipe and control

20 commands are exchanged between the processing system and sensors.

These and other features of the present invention will be described in more

detail below in the detailed description of the invention and in conjunction with the

following figures.
BRIEF DESCRIPTION OF THE DRAWINGS

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

numerals refer to similar elements and in which:

FIG. 1 is a schematic view of a process module and sensors in a preferred

embodiment of the invention.



FIG 2Ais a perspective view of a conputer systemthat nmay be usdd 'Epzﬂm4
enbodi nent of the invention. FIG 2B is a block diagram of the conputér
system shown in FIG 2A. FIG 3 is another schenmatic view of the preferred
enbodi nent of the invention. FIG 4 is a data flow chart of information
exchangewolhetseen the process nodul e conputing syst empaRaicgSENSOr -

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS 10 The present invention
will now be described in detail with reference to a few preferred

enbodi nent s t herlE6E 2Ads & pérsstied welw iofia tdepiaecoapa ity ngy d¢ awdigan | n the
foll ow ng descrjptio nuner.ous specific details are set forth in order to
provi de a t%‘?@&ﬁﬁl’ﬂ&ﬁﬂ@ﬂ%‘feaﬁmng of the present invention. It will be
apparent, 15 however, to one skilled in the art, that the present invention
may be practi cedriGWB ioAbloSOdBerah oftie conphiBeStesR@eWhincFERALl S. 1N

ot her-instances, well known process steps and/or structures have not been
described in detail in order_to not unnecessarily obscure the present

i nvention. To fdaPt? isAvathgs schemmadicopew pf the P@f%ﬂiegﬁb{@d@e@ﬁﬁéh%ti c view of a
system X0, ;hdQi6RMPrising a process nodule 12, a network 14, and plurality
of sensors 16. In this enbodi ment the process nodul e 12 conprises a process
chanber 18 and a érocess nodul e conputing system 20. In the preferred

enbodi nent t he plectise datadiayeehart of information sxchengedibetwekn theprogsss si ng
sem conduct e j.ce S as an etch chanber, deposition device,
or pol i shi n&g?(gd eev‘lio?ié)?ﬁﬁg%ke%ﬁ%fdhae&%}ﬁuf acturing of 25 sem conductor chi ps,
fl at panel displays, disk drives or other conputer conponents. The network
14 may be either an internal bus within the process nodule conputing
“ysystem 20 or an external network or |ocal area network, such as an
" Et her net net kT AN ES ER P AN BEY RS S i e computing U,
SEP 2004 30 SEi D U] of O
serverloand the sensors 16 act as clients in a client server

The present invention will now be described in detail with reference to a
few preferred embodiments thereof as illustrated in the accompanying drawings.
In the following description, numerous specific details are set forth in otder to
provide a thorough understanding of the present invention. It will be apparent,
15  however, to one skilled in the art, that the present invention may be practiced
without some or all of these specific details. In other instances, well known
process steps and/or structures have not been described in detail in order to not

) unnecessarily obscure the present invention.

To facilitate discussion, FIG. 1 depicts a schematic view of a system 10,

20  comprising a process module 12, a network 14, and plurality of sensors 16. In this
embodiment the process module 12 comprises a process chamber 18 and a process
module computing system 20. In the preferred embodiment the process chamber
is a process chamber for processing semiconductor related dévices, such as an etch
chamber, deposition device, or polishing device, used in the manufacturing of

25  semiconductor chips, flat panel displays, disk drives or other computer
components. The network 14 may be either an internal bus within the process
module computing system 20 or an external network or local area network, such

as an Ethernet network, or a combination of both. The process module computing

3.



refationship with the process nodul e computing system 20. The sers8r SEPs2004
may be a conbination of a sensor and conputing device connected to the
process nodul e conputing system 20 by a | ocal area network, or the sensors
16 may be 5 only sensors connected to an internal bus of the process nodul e
conput i nOMEsEM 20. In a preferred enbodi ment of the rorsoingm t he
process nodul e conputing system 20 has a VINE architecture, where an input
board with a VVME bus is used to connect_the sensors 16 to the rest of the
conmputi ng sYSEERTDIFIVES 3S & PRI A wnsory 1§ gt 8¢ clicatdp a chantgeryee a
spectronete ngﬁg : | 86 eTHL. | ensor, and
an nth senscf)erlat%S ﬁe %Lﬁgsslﬁgdlﬁn%%%@%ﬁ g%?}%éﬂ%'ypesseg%ﬂé isée){?g rs may be a
t her nonet er be admstingivnlof a s¢nsor dnd computittgalepico vordecicd hpibe atacess  control | ke
a thernostat, .pu sensor |l ler sensors, . RF matchi ng.system sensors,
endpoi nt syg)f)gﬂue%@%,SY%SQQEgqul,sar?@e%@&?fttg%??%%ﬁg@%?tb% pr obes,

and dat a5 angdly sénSor8 @binéek@to 2aqhferal Bustofidle poRbyABATAbMMIRPPHARr sensors
may be 15 sensors as defined in the specification and clains. Each of the

def
sensors 16 & Miginseferel erhedimest af the inrmticss thaipraeess mednlpeasaising chanber  18.
For _exanp! Coyskhi®o 1RPSML URhCnlE AU S i tb'ﬁ%ﬁ%gﬁ% bt Qi1 L8 Process

chanber 18, particle nonitor mneasur ensity within the
process chatizennetBthe sdnsorpll & snthe ravoofl thocommdiay sestent D@ Jnl thiskRamplehi n t he

process chanper 18, .,and the thernmoneter 2Q neasures jhe tenperature within
t he processanﬁﬁéﬁ}%orrﬁﬁaég?afwcﬁﬂﬁm B 35F¢ ts‘?nasf’]iaﬁl '&%fﬁ)ﬁ?ﬁm yst em 900,
Whi ch i 8 SUhérdih Senls6Y, and 3L BB 23 STHRQGH AR BorHor | DfhcPiypeSst | nvention.
.. FIG 2A shows one possible physical formof the conputer” system
"course, thecewipueebe athemamnaiawhish eouldralag byrspd e plovidg tepeperatwgi ng from an
" integrated g 1k 2 1Beriibd | | t real -tinme
control sys%%g{rﬁgﬁggﬁg a s%‘%}?ﬁﬁnﬁ?ﬁgﬁ°ﬁg@?§:egs°6%q%%§’%‘%ﬁ%§g%%‘ber conput er.
Conput er s\sstsers, egipoinh systedesnsorsiRNGA ems@O AR shsatpiql seus@REORF @mobwysi ng 906,

a disk drive,908, keyhoar d 0 a .nou 12. Disk 914 is a conputer-
r eadabl e mélf 3%@%@%%’%@%@%35% @%@%Fﬁé%o%ﬁfﬁﬁf‘ﬁ? m@/’z"?em 900. FIG
2B is a8 examplsasdbfigedih Ripetif@tiamuiddlaife MBEHEST thy/&hedrs 99R-abft t ached 30

to system bus 920 are a wide variety of subslsé;tems. Processor(s) 922 (al so

referred t & BSARER PAIMYFOEELR fiegressry chamber I8pdiey expmple ditpl ed to storage
devi ces i nghugioRGeN R Yes ﬁecmw%prb%!s Hilibef P AUDALGESS MEMOrY

(RAM and read-only nenor
monitor measures the particle density within the process chamber 18, the plasma
monitor measures the plasma within the process chamber 18, and the thermometer

20  measures the temperature within the process chamber.

FIGS. 2A and 2B illustrate a computer system 900, which is suitable for
) implementing embodiments of the present invention. FIG. 2A shows one possible
physical form of the computer system. Of course, the computer system may have
many physical forms ranging from an integrated circuit, a printed circuit board, an
25  embedded real-time control system, and a small handheld device up to a hlige super
computer. Computer system 900 includes a monitor 902, a display 904, a housing
906, a disk drive 908, a keyboard 910, and a mouse 912. Disk 914 is a computer-

readable medium used to transfer data to and from computer system 900.

FIG. 2B is an example of a block diagram for computer system 900. Attached
30  to system bus 920 are a wide variety of subsystems. Processor(s) 922 (also referred to
as ceniral processing uaits, or CPUs) are coupled to storage devices including memory

924. Memory 924 includes random access memory (RAM) and read-only memory
A



art, ROM acts to transfer data and instructions uni- direction

CPU and RAMis used typically to transfer data and instructions in

bi -directional manner. Both of these types of nenories may include any

sui t abl eWOy@seaT t he conputer-readabl e nedi a descri bed Poghasea/oskid i xed di sk
926 is also 5 coupled bi--directionally to CPU 922; it provides additional

data storag acity al so i ncl any. of the. conputer-readahl e nedia
descri bed b&?@%ﬁ) ‘&?%@é@%ﬁm iyt %ﬁgﬁéaﬁi@a@%{@a&r FHCURRS Wit a, and
the like angdcgodayiphSk bptﬁanaq&&m@mgdt@&@?gﬁgﬁﬁ Wi GRY Shtdsidgshar d di sk)

that is slower than primary storage. e appreciated that the
i nf or mat i ona bietigcieel wander.nBéthyof thedé tykesod @nemmaips miay ingppleapy satable 10 cases,

be incorporated.jn standard shion, as.virtual ry.,i ry 924.
Renovabl e dVE%® %th?rgﬁ%da{’%gefdbﬁc}ﬁs%}beg%‘fllmc')vf Atnﬁ)ge%c ‘ﬂ‘pé]mg?glg%adabl e nedia
descri beyd bajupled biclkécBdrallySo @PE2001 phoiliel additional da4 stoRke bapadiy ot put

devi ces such as display 904, keyboard 910, mouse_912 and_speakers 930. In
general , arfangienineludesny of die computsraeadatle medip dgseribed brlowy Fixealisk ¢ rack
balls, mc ) ne, : it [ t ransducer
card reader6932,6 gng%%gmgﬁr%g% r %a%aéa’tﬁggg’g?%‘?%g%f"?@g%%ﬁ@s, voi ce or
handwr i t i neptoregeanedime (Sich bs ohad diskythetsia dewss thar primnérg storagep Uit wilkbe CPU 922

optionally may be coupl ed.to another .co er, .0 | econmmuni cat i ons

et vior Kk usi HOFREEHGAL Teeorats reAed iy PR 10l Aok OREr B T ErFce. it is
20 cont @l kR tbeliNedrpdried ERthritiagi asHi@CARI Witual MkfbfBihingindry 0pat he net work, or
m ght output information to the network in the course of performng the

") above- descriaayablagisk 44 mag ke the form of sryraf theropinytersvadalle meflias of the
~ present i”Va%EEHbQ&‘B&W. execute solely upon CPU 922 or nmay execute over a
network such as the Internet in conjunction with a renote CPU that shares
a portion of theUprocessi ng. 25 In additjon, enbodinments of the present

i nvention furt K&V $22Iiasleo eanpleddprpivridety of inpu(patnyt denires suchi asidisplay _
computer-r %g%&ﬁoaﬂ??iidjmo 12%}{%{3&%93'95@% g%ﬁ)&% Mﬁh@&&g&&ﬁeﬂ%f ormng
-1 np he " nedi a ahd conp

vari ous corpute efent ed ‘operati ons. uter code may
be thod6 speyitelahy oflekiegdisglaps)draclobalsy moct datyhoardst ineroppongn tesh-of t he

P e s e B bR 3G,  01

styluses, voice or handwriting recognizers, biometrics readers, or other computers.

3 0 SEEP 2004 WD 01/ 75617 PCT/ US01/ 08719 (ROM. As is well knoqu [ ntsrgl%e
al 9 tlznqg’*
a

CPU 922 optionally may be coupled to another computer or telecommunications
network using network interface 940. With such a network interface, it is
20  contemplated that the CPU might receive information from the network, or might
~ output information to the network in the course of performing the above-described
) method steps. Furthermore, method embodiments of the present invention may
execute solely upon CPU 922 or may execute over a network such as the Internet in

conjunction with a remote CPU that shares a portion of the processing.

25 In addition, embodiments of the present invention firther relate to
computer storage products with a computer-readable medium that have computer
code thereon for performing various computer-implemented 6perations. The
media and computer code may be those specially designed and constructed for the
purposes of the present invention, or they may be of the kind well known and

30  available to those having skill in the computer software arts. Examples of
computer-readable media include, but are not limited to: magnetic media such as

hard disks, floppy disks, and magnetic tape; optical media such as CD-ROMs and
-5



coiput er -r eadabl e nmedi a i nclude, but are not limted to., nagnet i‘% Bne%ﬁpamm
such as hard disks, floppy disks, and magnetic tape; optical nedia such as
CD-ROVs and -5 WD 01/ 75617 PCT/ US01/ 08719 hol ographi ¢ devi ces;

magnet o-optical. nmedia such as floptical disks; and hardware devices that
are specWlINi7seadnfi gured to store and execute program eoOXASOBITID as
application-specific integrated circuits (ASICs), programmable |ogic

devices ( nd_ ROM and RAM. devi ces. agpl es. af conput er code i ncl ude
nachi ne c%@?ﬁ %E%G‘Q%esp?%%ﬁg’g@tﬁ rﬁ"‘ﬁ%%&?@ﬁ&%‘%ﬁlﬁ &P ni ng hi gher
| evel codedéHeds thab@ spacdlyicedfifidfePioGRIP M e bifé %ﬂgé'fh dddbeqpEgier. If a
conputer system 900 as shown. 1.n FIGS. 2A and 2B I's used as the process

modul e confRRICHIPISpesBrinsprated@rruintASIEs), Prograsmnghle logiceipwitesm bus 920 may

form part q9f }MI«RQﬁI .z he npetwork -
interface g}(%jséra&gd ﬁlg ordm par(it%(}%?é?%%}%@% ﬁfocr Ed})?%%(?&n% %‘gﬁ(lﬁet%cgjfmt he process
modul e Tonpade] sugh 8y/mbdune by a verypiie, mdfilecharinig pke leveDégae thapg Syst ens

t hrough t he netvvorz) where the pracess nodul e conputing system 20 acts as
a client. Erereeded y3°8’8%ﬁ?369‘ﬁp@dﬂt§lpé@?fenati c of the system 10 shown in

FIG 1. In the preferred enbodi nrent of the invention, the network 14 is a

. TCP/ I P net Wdf & comphfter BRsterA 000 85 shomda FEGS: QIR s SY8 MedRodrds an | P
address and |tiple ports to serve as the server of the TCP/IP network.
ﬂ%}f TRRuting

In this exafiecd gsteas 26 thenypart of fhscempuigpaisiea bus B0 maydomyst em 20 i s
10. 0. 10. 1, pahireile leBRork 18 GRd RBEWDrk cotHEA&Y 6 the RO ﬁ?@%@gﬁ@%%yloow Each

sensor 16 "has an | P address ang one port to act as . nt of the
procesd) miguh partefithe nétwgrkslAs tle mddidon, it prbdess ROddx aomptingsigers g0sor s 16 have
an | P addr an

C

' 0 ort which indicate that they  are ports of. the

" process modul € S%Eeﬁitﬁa&gﬁ%%uﬁ%gyskgp@wg‘@& Oélf’vfh‘i?tg?lz’@f’esssensor 24

has an | P msitilexempofing §senldh dols nctlignpor t nunber of 10001, the second

sensor 26 has an | P address of 10.0.10.12 with a port nunber of 10002, and
the nth senso has an | P address af .0.10.13 with a_port nunber of
10003. 25 FIG '%slsﬁc%‘m?ﬂ%sisglﬁqagﬁﬁgg‘@dwwE}P?éi‘fntm &E’?\A]een t he process
modul e 12 hath@ preferedisdibodithdd of theBavehdr thRGeRork 14 isLPCHIP fiGord and
pr oceedi ngﬁlﬁdownward. In this exanpl e, conmuni cations between the process

modul 87 cdhparacs mfsiesompytng system 30dhas g H eridresa ayd mpltiple poeiséo i bed. I n t he
pr ef err edgerye as the server of the TCP/IP network. In this example the address of the

process module computing system 20 is 10.0.10.1, which has three ports,
* numbered 10001, 10002, and 10003. Each sensor 16 has an IP address and one
port to act as the client of the process module computing system 20. In this

20  example, the sensors 16 have an IP address and one port which indicate that they
are ports of the process module computing system 20. For this example, the first
sensor 24 has an IP address of 10.0.10.11 and a port number of lOOOI,-the second
sensor 26 has an IP address of 10.0.10.12 with a port number of 10002, and the
nth sensor 28 has an IP address of 10.0.10.13 with a port number of 10003.

25 FIG. 4 is a communication time sequence chart between the process
module 12 and a sensor, with time starting at the top of FIG. 4 and proceeding
downward. In this example, communications between the process module
computing system and the first sensor 24 will be described. In the preferred
embodiment of the invention there are only two types of messages (data packets)

30  that are sent between the process module compuiing system 20 and the first sensor
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enbodi nent of the invention there are only two types of nessages Cadgt akP 20
packets) 30 that are sent between the process nodul e conputing system 20
and the first sensor 30 SEP 2004 WD 01/ 75617 PCT/ US01/ 08719 24. The two
types are "Command” nessages and "Acknow edgenent” nessages. A command nay
be a corw@el/7ssthmand, data report, alarmreport, or staCuasoe@id. The
process nodul e conputing system 20 and the first sensor 24 are started and

self initialized (steps 402 and 404). Because of the process nodule 5
conmput i ng sifstletwe taes are gcommend \apssages and, Agknpwledgapant mossagest s as a
client, it g nod L wﬁé 8 S3 dul e i system 20
or the first %/Igﬁlsormggbé?soﬂgagrte ar%%‘rag?%ﬂﬁ ’enm ‘é’“ﬁ#’é’ggggwré ul'e conputing
system 20 is self-initialized, a connection nonitor task object 30 is
spawn, as shown Tiha pricGss moduie copiputipg gysess?0 and dhd firstonpu2dnge system 20 i s

first start h . ul £,C i 10 system 20 its to be
connected Wi dﬁ%se?ﬁ@??ﬁ%eg@g@s@iaﬁgﬁﬁg %g%uge ?%%%Pﬁoﬁ%ssﬁ@ © sensor 24
and t he 5pr eogpstifmg e T0CRTUE b BErvan:nt dia A6t safiser DOLNs 54 Delicar] ivmey sel f
initialized, the first sensor 24 sends a . "Connect to Process Chamber"

message t o POt MEIGEMEEHSE RpESPE TRy tiag yelem Hortag Bi5t sp08y 24whi ch i s a
request by it B st NAOProdds dﬁl@@&ﬁv\ﬁﬁﬁﬂg%#t&ﬁ z@&@é‘eﬁ@iﬁitgﬂ?éﬂ,e conput i ng
15 ba ent ul e

system 20 on a client/server SI'S. e process no conmput i ng
system 20 reomiegticn mhuitorCliobject 30ds spawec asdowb dulks. 1ndbthagmctssom t he first

sensor 24, a . fjrst sensor agin a, 32 i s spawn by .t he connection
noni tor tad® ,“"’E?“E%v&ﬁfeﬁﬁ‘a‘f %St %?ﬁ'g?ﬁ:lelpﬁ?cleff,mo hE™ or nessagi ng
tasks 34 agptaPIWaith®be@ohticted OBALSHRTE @neR 1Y EaEr4dd) OOntdBeBrgcess nodul e
12. 20 The first sensor 24 then sends.a "Commuand to get Al arm Tabl e"

message  t &HRP4RddRsRIonRsEIcdule SABRRIng Sy 5ra £ ety wdesif After the
process MOl ized MPAilst flsch 3 56 BOCHRR] ¥ FRodlTHERIAE:HL P! Al arm

Tabl e" nessage, the conputing system 20 responds wth an now edgnent "
message ( sthepraress)modultieontinting systans 3 (siep 408) svhichds ¢ reguestbk fwditstdgnent "

nmessage angd i for 25 fep. 414). The.prpcess nodul e
conputing %efs 1'ezt #1%3 TS nlj'c}gﬂée Ig&e% g?%ﬁ%g%?éu%%&%ea%%o P %af:lr]igmﬁ%f’ﬁy & sensor 24
(step #46) basihiWherrthe pgieds @soduleeompuititpedystef 28| redeivgs tHeatCohtiet fy ocess nodul e

w [l handlg. Th r,m Tabl rovi.des algrm.identification nunmbers and a
descripti ofioge5s S s oee G 1o R Ppi 2 A st sensor meseaging todk

32 is spawn by the connection monitor task 30, as shown in FIG. 1. Similarly,

other sensor messaging tasks 34 are spawn when other sensors are connected to

the process module 12.

20 The first sensor 24 then sends a “Command to get Alarm Table” message
to the process module computing system 20 (step 410). After the process module
computing system 20 receives the “Command to get Alarm Table” message, the
computing system 20 responds with an “Acknowledgment” message (step 412).
The first sensor 24 receives the “Acknowledgment” message and waits for the

25  alarm table (step 414). The process module computing system 20 sends an
“Alarm Table” message to the first sensor 24 (step 416), which designates the
number of alarms that the process module will handle. The Alarm Table provides
alarm identification numbers and a description of each alarm. When the first
sensor 24 receives the “Alarm Table” message the first sensor 24 replies with an

30 “Acknowledgement” message (step 420).



EP 200k

sensor 24 receives the "Alarm Tabl e" nessage the first sensor 24 ?eﬁpl§
with an 30 "Acknow edgenent” nessage (step 420). WD 01/75617

PCT/ US01/ 08719 The first sensor 24 then sends a "Comrand to get Date/Tinme
and Initialization Data" nessage to the process nodul e conputing system 20
(step 4@D)o1/758aen t he process nodul e conputing system 3@rThgepigses t he
"Command to get Date/Tine and Initialization Data" nessage fromthe first
sensor 24, an 5 "Acknow edgenent” nessage is sent to the first sensor 24
(step 424). A “Detfiaptiensor b thensends al“Commiand gt Pateiiowzgd i s sent fromthe

process nodyle.. co 1,LNg_ Syst 20 1o the flrst .sensor step 426),
whi ch al | omgﬂtfal%%ac[ﬁ%ﬁgata Ig%sﬁ%ggrtgg%f HYE® Sem%@]}]ec mul@géj% Wt %61{3?18@ process
nmodul e conpanl) NWhey Metvides modle BothfRing isystdm S@ AR eivesifhe FEGRIMABStd he

"Date/ Time and Initialization Data" message 10 fromthe process nodul e
conmput i ng s§Defe{ Timgand nidglizatiopgpta’omessags frous thefirgt sgpsor 2h@Rnow edgenent "

message d§ tsf) ‘e‘%ektﬂg‘ﬁ‘)ed%&%t’ﬁff’%%%éi |E€Tﬁ|9w ifle ﬁg{ﬂégﬂ%&r% é§¥lt§ %fzp]h 20 then sends a

" Comman Reporta cat1on” nessa e first sensor 24
(step 430) . “DhbeTinteremdnitishizatior el nRdsapeseentdon the pidCessmaottile 0 Get

Reportabl e Speci.fication’ ssage, t 5 fiLst,.sensor 24.replies with an
" Acknowl ed e ﬂﬁé@a e""?@‘té’agsz{%ﬂ%f%? %65’5‘1’1]1%5&?? rtﬁiﬁmfhen sends a

" Repor t abl esepe i d bedynSioniBRESTIY e pidcedd ndoiile covtputifip systthDZ0TE t he process
nodul e conputing system 20 of the type of data that will be provided by

the first sWhemihe finst sensar 24 rseeivcs they dipted asrand dnitiglization Patadmeswagapl i es with

an "Ack V\Af%jlgﬂ{gg]?[y y nﬁﬁ%’(ﬁ ARB) kS L6 45&8 y 20 generate
_di fferefr?? types cgséﬁéag‘gﬁoe 0 ?ﬁ%se’é%ta typiogtza?gﬁgggvﬁggﬁ, i nt eger,
~ )enunerat or S‘Azhubviledgetrient] message (stémd28di ti on to the type of data, the
" possible range of data is also inportant. In addition, the frequency of

the data is im%gg{éh?sgé@e%ugﬂé% %tﬂ%&nﬁ?a-%&ﬁﬂ%@ oGQé nme sensors

may aut omati cal I'y er sensors may on send data when.
request ed. REeperidbRePpecifichtien”Spesedgk e tik ifivn seidbr G eadd0)rayhey the ifieke

information regardi ng data.type, r , | ncy, .ang distrjbution,
al lowi ng. t HEPSHT SbEECE Verdhe | ComeBs o g RepaceBlt SpoolipetBe mereti b 11 om ¢ he
first 96nSsGst3dnst 2 RYLed Wik FAdnaRRHddn@Re] mEkAR(RBPLIY, Te firde process
sensor 24 then sends a “Reportable Specification” message (step 434), which
informs the process module computing system 20 of the type of data that will be

provided by the first sensor 24, The process module computing system 20
complies with an “Acknowledgement” message (step 436). Different sensors may

20  generate different types of data. Some of these data types are Boolean, integer,

‘ enumerators and floating point. In addition to the type of data, the possible range
) of data is also important. In addition, the frequency of the data is important, i.¢.

how often the data is measured. Some sensors may automatically send data, while
other sensors may only send data when requested. The “Repbrtable Specification™

25  message may provide information regarding data type, range, frequency, and
distribution, allowing the process module computing system 20 to use the data
from the first sensor 24 without requiring additional programming of the process
module computing system 20. Since additional programming is not required, a
user interface to program the process module computing system 20 to each

30  different sensor data type may not be required.

The first sensor 24 then waits for a request for information (step 438). If

the process module computing system 20 needs additional information, a “Send
-8-



nodul e conputing system 20. Since additional programmng is not ?r‘equﬁ’EPeg,ﬂmfa
user interface to programthe process nodul e conputing system 20 to each
30 different sensor data type may not be required. The first sensor 24 then
waits for a request for information (step 43 8). If the process nodul e
conput i NYOIEs@M 20 needs additional information, a " Sewdwuddigs@e SEP 2004
WO 01/ 75617 PCT/ US01/08714 the Requested |Information" message is sent from

t he proces dul e , System 20 to the first sensor 24 (step 440),
to which thb® e?‘éeftegg% ahlpgpF’ieé@thSW gfﬁm&“’W@R‘Wé\m tingpssage (step

442) . Procegstemeloab @t HNRRDL24MBSGAR0S tdhBich RRTirsGBhsof FMkd RAL AR OCESS
nmodule 5 conputin system 20 to the ?I rst Csensgr 240(5% /1I)g“ltl to which
the first sé’:}@@? sl messaget(Mef2) Acknowl edgenent " nessage (step 446).
The process rel at ed comands are a plurality of commands by the process

modul e coMput i NGy SYS! EMed?Bmiihd el BhALF. ndh 861 EOASHSLALLL AN StopDi Ng

process steps occurring int proc exanp €, in an etch
chanber 5a &pmuhrpgmew(}telﬂmfﬂdtsﬁﬂsoc%fsmpd4@m d'hhhﬂﬁaaﬁl‘etsteﬁsdrlm first
sensor ndi. a.reci o the first,sen to which the first
sensor 24 5@%&@ A&W‘é‘f?ﬁ@ﬁ@np ﬁ?ﬁ%@%@éﬁﬁ @erpé?ﬂeﬁrea@ﬁ’ce the wafer is
in the proemaﬁamba hikdlity 8f &RGaRAds BY 86 PiessPhRhRbmRBpdrstpul d be sent
to the first sensor indicating that the wafer is in the process chanber
18, to whi €A tharélrﬁia?estp a@*éméﬁmma@éﬁeapmpm@kﬁfm@@g@mmmerressage in 15
reply. A thij r 0 SEOL rst sensor 24
to indica ect Sg;hgétﬁg%fwo?b?% Pgeé%%%gﬁho@é%ggat vﬁ%})ceﬁé ?ated cknow edgenent "

messagé0 i sommmnd weuld bespityo th‘d:\ﬂiiest sms&nzzssenﬂhgpreﬁpémw ﬁﬁ;t pstS begun, a
st sensor 24, to which

R Bt ORERR T i SO o Bt Beer v by Vnen o

first stepOngethbevaf@es pehd I&oé?e@s &mvef\m QQecoﬁd btdctdd rBlBRE BEBntaRh at €d command
is sent to the first sensor the ' first sensor 24 sends an

" Acknow edfenigbesentde thy ﬁmrs’é‘@%%“ %mﬂf%w&f%ﬁmww@emnt s are nade
for the sta{ambeglmgmgmms%m@a@ Boridlh &P “AdnbiftcplifibliPhiesshbe f1° €NY Of

the recipe a "reci’'pe end" process step Is sent sensor 24 to
whi ch the ¥eplystA Maﬂmceiﬂtebmd@smmndimln bevsant| tpethre fitst sdrisorelldi 4 when

indicate the start of the recipe process, to which an “Acknowledgement” message
is sent as a reply. When a first step in the recipe is begun, a fourth process related
command is sent to the first sensor 24, to which the first sensor 24 sends an
“Acknowledgement” message in reply. When a first step in the recipe is

20  terminated, a fifth process related command is sent to the first sensor 24, to which
the first sensor 24 sends an “Acknowledgement” reply. Process commands and
acknowledgements are made for the starting and stopping of each step in the
recipe. At the end of the recipe a “recipe end” process step is sent to the first
sensor 24 to which the first sensor 24 sends an acknowledgement. Finally when

25  the wafer is removed, a “wafer out” process command is sent to the first sensor 24
to which the first sensor 24 sends an acknowledgement. Therefore a process
related command relating to an action is sent from the process module computing
system 20 when the action is executed in the process chamber, where the action

may be starting or stopping a step in the process chamber.

30 During processing, the first sensor 24 may send a “Process Related Result”
message to the process module computing system 20 (step 448), to which the

process module computing system 20 would send an “Acknowledgement”
9.



25 the wafer is renoved, a "wafer out" process comand is sent to 3 e §HPr 28
sensor 24 to which the first sensor 24 sends an acknow edgenent. Therefore
a process related conmand relating to an action is sent fromthe process
nodul e conputing system 20 when the action is executed in the process
chanber ,WQBET¥1%t he action nay be starting or stoppi ngrer/ss@amsim® t he
process chanber. 30 During processing, the first sensor 24 may send a

"P Rel at ed .R t" to th S, | | L t
20 (stop 4GRS TRten semlt PhRdrat Gt B e PRyt BIRIE wour i send
an " ACknOW@@%@%'BeaﬁaﬁnﬁnﬁEﬁg@,Q@ﬂchW@a deludditd proebsbimbddt/ 08719 message to

the first sensor 24 as a reply (step 450). The "Process Related Result"
message nafopeutng etamAtie seutibe prlkessh ThefProeass Beleied Reswt’anessagedul e
conput i ng : : C The " Pr. ) | ated Result”
nessage m%%t ?%lgeoggéioggg%g%%taﬁﬁ g{é&r‘aatgi%%mrfersughwggﬁglio sﬁﬁ%ng%s,s whi ch

al | ow(sj 5hfa m@ﬁ&&mpuﬂ@sysewrﬁuﬂjhﬂghmlﬁﬁ)&m@&a&&dﬁ@lwSIhet“Pﬁ)é:Eﬁgper a]E ure
accordingly. . The "Process Re ate,a?)Res t" message may provide data for
anal ysi s a%te@tedt r HEWEES Py prey #%%E‘H@Wﬁl%%ﬁeﬁ%?%@eé%%r ed in the

process noQuhSlefe@MWHER By BY ShRIIZRe pfted hii dom {ih%éfg&ﬁﬁm 16 may provide
zed Wt

real tinme data that is tinme stanped™ and synchroni the process

chanber. The synchronjzed data allows an in 10 depth anal ysis of the
process for trodppresiBall ssasorstifempseemovide ral tae datadhpt isdimessampado adj ust t he

process in g"?‘P.’ﬁﬁ Lng.p i ng. .data .from all
of the sen%?%n%g%gy e g‘?%?ggag%%@%é gﬁg%&g&ﬁﬂ%ﬁ%a%o%u |]%g system 20,
whi ch a¢t s degsh anadwsiswdithd mroceshior treutdeshsotings Thgretlhime dypdmbpbe asedpeci fi cati on
i nformati on of ch _sensor. the data be put in a ysable form 15 In the
preferred ﬁ%@é‘&fﬁ’&ﬁf"%ﬁsTﬂ?ﬁ?ﬁ?@%ﬁiﬁﬂﬁ?y@%%ﬁ?ﬁmﬁe@ﬂﬁgﬁe@mi ses a | ead
nessage angom GuTR Winddnd B5 Machdtored ithé fRdeR B ﬁﬂ%ompﬁﬂlﬁg!" tbﬁ'sticﬂ; the

eng

preferred enbodiment is two bytes |ong,, contains the [ength of the Commuand
Dat a Packet0: whigh s&tsas gwraege Feﬂﬁﬁ@sgf@@géww@b spegifiealionnessage and an

Acknow edogiBRttibiRb@eaER -theT&h?aﬁaEf‘geﬁ%%E%Q :Enble“fﬁxin?h in the 20 preferred

enbodi nent 1s two bytes long, contalns ength of the

15 In the preferred embodiment of the invention, 2 Command message
comprises a lead message and a Command Data Packet. The lead message, which
in the preferred embodiment 1s two bytes long, contains the length of the
Command Data Packet. The Acknowledgement message comprises a lead
message and an Acknowledgement Data Packet. The lead message, which in the

20  preferred embodiment is two bytes long, contains the length of the
Acknowledgement Data Packet.

In the preferred embodiment, the first byte of the Command Daia Packet
holds a predefined level number. More preferably, all communications betWeen
the process module computing system 20 and a sensor has a level number of 3. In

25  this case, communications between the process module computing system 20 and
other computing systems where the other computing systems are not client sensors
of the process module computing system 20 would have a level number that would
not be equal to 3. By using level numbers between the process module computing
system 20 and other computing systems which are different than level numbers

30  between the process module computing system 20 and client sensor systems, the

sensors and process module computing system 20 may more easily determine

-10-
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Acknow edgement Data Packet. In the preferred enbodi nent, the fidst GPe?l6%
the Command Data Packet holds a predefined | evel nunber. More preferably,
all comruni cati ons between the process nodul e conputing system 20 and a
sensor has a | evel nunmber of 3. In 25 this case, communications between the
process wWodursltonputi ng system 20 and other conputi ngcsusbaigiovhere the
ot her conputing systens are not client sensors of the process nodul e
conmputing system 20 would have a |l evel nunber that would not be equal to

3. By usi ngWhish giessagiensiss L Bewprasss podilgrommaiing mstem 20 axhgsatorpin 2 syst em 20
and ot her c L J r | | nunmbers 30
bet ween theaggg%%ggﬁ%%gﬁsgac%%%%Prﬁégggg?%ﬁég%hgﬁgﬁg?P%ﬂ%gsensor syst ens,
t he sensorsngndesyr ‘GhoasnanmtdBi nvdichqmuidds agahy deeves2 0 torRYS, whick ieasi | y

det er mi ne -1@ 01/ 75617 PCT/US01/08719 whi ch nessages are for the
process nodtfFei gtr A gonandiiype. SpehAS §lall dFURG Stapt §teR, end Teapg. ARRRty o

rel at | onshipeipd g $EANAAE € Slor bbRARIRAboBRY e lstanEONDI | SES a

"Command | D' ich provides a value between 0 to 255, which is used to

desi gnat e dnfooniond A third by edspnynandtDateBaoket previdesta teangastioand r eci pe,

abort reci a : It .cl ear, posted al arm
and statusIﬂﬁﬁééﬁﬁgFﬁﬁﬁmé@TEﬁ%%ﬂ%§?§dgéggﬁgﬁﬁgﬁﬁaﬁggf%@%mgggggi provi des a
t ransact i orbetwdenioand fl Sr Thévemainifpebytks of thetCuenmandfTeats patkergaodideent , the
transaction nunber, is between O and 15. The remaining bytes of the Commuand
Dat a packeﬁoﬁmﬁﬁgégﬁ'connand data. 10 In the preferred enmbodi ment of the

i nvention an Acknow edgenent Data Packet is only 3 bytes |ong. The purpose

of the ibcknow edgmeppiferldtembbagdet of the inkentiotan AR SHIREQIMTDAt hat t he
Command Data Packet has been._ successfully received by the receiver. In the

preferred drpiedisARht3 Bries!nae | Hramenoshof thpdcknondedeemprteDais Pagkstis
Acknow edgqyRRine @rﬁgﬁf_ ﬁ%ttPéCé%faﬁ@B%ﬂa%&e’tﬁé(&lee WHRELAmyphi ch s 15
e nu er o nma

equal to the predefin eve the Co nd Data Packet. The second
byte of t heectvkdbynihedepeivent Infhe prefemekembadiment of thednveption, tiee firstli cat e t hat

Acknow edoBRET PRt B RSt s e R e o P P X e

15  equal to the predefined level nuraber of the Command Data Packet. The second

byte of the Acknowledgement Data Packet is a number set to indicate that the data
packet is an Acknowledgement Data Packet. The third byte of the

Acknowledgement Data Packet is the command ID of the received command.

20 In other embodiments, instead of using TCP/IP as the protocol, other possible
protocols are LONWORKS (Local Operation Networks), Devicenet, and RS485/422
with a specific customized protocol. All of these protocols are multidrop. It is
preferable not to use the UDP protocol, since UDP protocols tend not to use an
acknowledgement, whereas an acknowledgement is used in the preferred embodiment

25  of the invention.

If a message is not received from a sensor for a designated timeout period, a
heartbeat message is sent by the process module to the sensor. If no
acknowledgement is received, the sensor messaging task is deleted as part of the

30  process of disconnecting the sensor. If a new sensor is added or a sensor with a
deleted sensor messaging task sends a connection message, a new sensor messaging

task is spawn. Therefore, the sensors 16 may be added to and removed from the
-11-



20 I'n ot her enbodi nents, instead of using TCP/IP as the prot ocol § be bl 2004
possi ble protocols are LONWORKS (Local Operation Networks), Devicenet, and
RS485/ 422 wth a specific custom zed protocol. Al of these protocols are
multidrop. It is preferable not to use the UDP protocol, since UDP

pr ot ocolVBOopETMdITot to use an acknow edgenent, wher easpanusalepwl edgenent
is used in the preferred enbodinent 25 of the invention. If a nessage is
not received froma sensor for a_designated tinmeout period, a heartbeat
nessage i s n§BHkd§ wirle themsewssmeditie panpuing gesteye 4G isrunnipg. nbhus dkdcnowl edgenent
IS receive ,‘,ggr%i ' ' | eted as part of the 30 process
of di sconn%glf%o%glfﬁgﬁ@{asns .?E'\I%flﬁ%m{r?g’\?v%'ségﬁssogg i's addedpor a sensor w ltoh a
del eted sensor nessagi ng task sends a connecti on nessage, a new sensor
messagi ng t ask Whilsthmimventidrehas hesredestrited setesos of stéeratmyefbedadded t o and
renoved fromthe -11.SEP 2004 WO 01/ 75617 PCT/ USO1/ 08719 work 14 while
e pr oces SO, GBS H5 LS BHAEAobs R ARUET SO AT B or s 16 ar o
hot swappakh&scpd'er tBRGnweh@oh. IeMSANdSsoWei dotdtthit Shekd W Hah P Atdhagiveeen
described in terms of several preferred enbodjinents, there are

al t er at i ongvaypekisplerening the meghads and anparntuses gfihepreseat inveniioni fist he scope of
this i nventy l: . TB0Y, native
ways of inp eg%%rﬁtl%tﬁg&tgwéﬂnﬂﬁfﬁgﬁgﬁgﬁ%egg%&aé}%ﬁ lﬁ;bgg{t%fﬁﬁ?e pr euseréﬁlf nventi on.
It is thesathaiteratints peleditdtiony, ahdequiGlléninmsigll wphiarckettuecdpiritamd beopent er pr et ed
as including,all such alterations, pernutations, and equivalents as fall
within the® Thﬁé’ressﬁ?tr‘?‘fenﬁ?fb scope of the present invention. .3 0 SEP 2U04
VWHAT IS CLAIMED IS: 1. A conputer inplenented nethod for comrunicating

bet ween a conputing system of a process nodul e, wherein the process nodul e
has a process chanber, and a first sensor, conprising the steps of:
initializing the conputing system of the process nodule; initializing the
first sensor, which is able to nmeasure a first parameter in the process

-12-



chanber; transmtting a connect nessage fromthe first sensor togl{]eSEP 2004
conputing system of the process noduel; transmtting a command,

inforns the process nodul e conputi ng system of the type of data that WI |
be provided fromthe first sensor, to get reportable specification fromthe
conmputing systemof the process nodule to the first sensor; and
transmtting a reportable specification nessage fromthe first sensor to

the c i t m of the process nodule. The conputer inplenmented
thogmgilér]glé'?@ké :?n claim1, further conprising the steps of: spawning
Wi thin the conputing system of t he process nodul e a connection nonitor

t asks:1.s pand:d&Q)ufeF ﬂfﬂléﬂbﬁte@%ﬁﬂ%%r%ﬁmmﬁ]b&lﬂ%bét@ééﬂ é’\éa%ﬁhn}g SSI%GI%%PP uting

syst em of first sens nmessa transmtting
an acKh&RF% 'B%%'%EH’EEWP t"tettﬁoct‘?ﬁ?ﬁ?ﬁ‘?ﬂﬁe hag a@étce%%%@mpﬁbw %%@@P't‘ﬁobatl on from the
first cowpswng thestepseof.conputi ng system of the process nodul e; and

transmtti th@ﬂnéiﬁgea%tﬁq%gﬁfemﬂ‘PrTedJT&%erﬁf?on tabl e specification nmessage

fromthe uting syste rocess nodule to the first sensor. 3.
The conput é’i'ﬁqoﬁ?ﬁl t??réfr'-t sV Hes 2 torreeaskre @ firsh paragetef in headremsssl- 2, f urt her
conpr ickamiger; t he steps of: transmtting a command to get an al armtabl e

comrend {1 ghdliind 4 Lo S0lec i UIer < SOIBHL 0, Sustem ol L process

nodul e; transmitt an ac genent
t abl e PAcBTH Paskel conputing system of the process nodule to the first sensor;

transm tti egnshiktig) SEdmnhaial nidH igith bR rocess modul e
it . e e Brd HHOBQ%\%\A&’Z%U%EQN%&%E[ of r!t%he alarm

h
tgbt[ e %gfnéa{tehtggﬁ? 'flg pro%%;cjlérlpmtﬁ F]ﬁtése”?grjr?)ﬁ‘tt F?PQ”'%‘R}%?F@H‘F’?W'OT fien fifocess nodul e.
13 ~SEpmpuyogisystem ghequensss medulatp trerfestsedonretchod, as recited in any of
cl ai ms 1- 3tradseitlidted repSHEBIEI s§éd'¥ﬂ:at|&nb€es§éggﬁr%m%e firkt BRI tBn%]cgtgnp%h & mmand to get

the Tirst sensor to
tinme "siysgem (r)}ltl'%el &cl)éeésa ;[nloc?ule data from

2. The computer implemented method, as recited in claim 1, further comprising the steps of:

spawning within the computing system of the process module a connection monitor
tasks;

spawning from the connection monitor task within the computing system of the process
module a first sensor messaging task;

transmitting an acknowledgement of the command to get reportable specification from
the first sensor to the computing system of the process module: and

transmitting an acknowledgement of the reportable specification message from the
computing system of the process module to the first sensor.

3. The computer implemented method, as recited in any of claims 1-2, further comprising
the steps of:

transmitting a command to get an alarm table command from the first sensor to the
computing system of the process module;

transmitting an acknowledgement of the command to get the alarm table from the
computing system of the process module to the first sensor:

transmitting an alarm table from the computing system of the process module to the first
sensor; and

transmitting an acknowledgement of the alarm table from the first sensor to the
computing system of the process module. '

13



conmputing system of the process nodule; transmtting an acknow edg gm#
the command to get tinme and initialization data from the conputlng St

of the process nodule to the first sensor; transmtting tine and
initialization data fromthe conputer system of the process nodule to the
first sensor; and transmtting an acknowl edgenment of the tine and
initialization data fromthe first sensor to the conputing systemof the

procegs no nted nmethod, as recited in any of
cl ai m? - G}HJ? SOm;ﬁlter "Ebefe i S|”r'1egh°dt%£r {ggﬁba”éf’f clgims ABp{upthgr seMBrIsHgoces s
rel atéﬂfs&ﬁ’ﬁﬁhnd rel at ed to the execution of an action in the process

charber frt}aﬁs‘;ﬂ}ﬁng:@muﬁdna% §éfﬁ|tn§thJthlgi)ano‘ﬁro%e}%%ng%’dl s\%ﬂéo?to fg first

sensor.; e actio the process c erein said action
rel at 834 nq Wgeg}cgg&pé?c&? "B‘Fcpéeem conductor related devices; and
transmi tti Hensavttinresiiosdigigeraat oidfie tdnendIies 68 Sme eh@iREliARFERR Lt om t he

{115t 118eBAAng by OTPALL oY BLERATINE Process module, 6. The

comput er {'gl) enen ed as recit r'ndny of clains 1-5, further
conpri si ng"H '@tt@'ﬁsﬂ"ef"maﬂ%ﬁ“?ﬁ data fi‘f’"ﬁé"eéo@wmﬁdstsrenbmg prshéssimddsieabl e t o
meas utodhedfirgesemsod apar aneter in the process chanber; transmtting a connect

rossage {1 ol SREONM,RAMert ISR SYSLEm of, Lhe  pr ocess

nodul ;. transm t URLSBITOF r om t he

corrpu'l"l 'Pfgcowgwﬁmmph@e PigFRse @dulepdul e to the second sensor; transmtting

a reportable specification nessage fromthe second sensor to the conputing
third sensor, which is able to

syst em of ule: initializin

neasué;ne a.{r %Oﬁbagfgqﬁep E%e? metRd af)Fe(‘precE ﬁ‘é‘%&f?ﬁ@r““tﬂt‘%é?ﬁ"iﬂnﬁ'ﬁ@ a connect
nessa‘@%“ﬂi’%ﬁﬁthe third sensor to the conputing systemof the process
modul e; t rieRsmiting h%c@s&@lﬁi@&@&nh&q&@kteﬁ%éE?é%ht%ﬁﬁﬁgr?éénbr?%h on fromthe

co rocess nodul e sensor, and 14
rrp'"ﬁr&c%gs csn% Berrprom the compu[t) Ing system of the process module to the first sensor;

executing the action in the process chamber, wherein said action relates to the
processing of semiconductor related devices: and

transmitting an acknowledgement of the process related command from the first sensor
to the computing system of the process module.

6. The computer implemented method, as recited in any of claims 1-5, further comprising
the steps of:

initializing a second senor, which is able to measure a second parameter in the process
chamber;

transmitting a connect message from the second senor to the computing system of the
process module;

transmitting a command to get reportable specification from the computing system of the
process module to the second sensor;

transmitting a reportable specification message from the second sensor to the computing
system of the process module;

initializing a third sensor, which is able to measure a third parameter in the process
chamber;

transmitting a connect message from the third sensor to the computing system of the
process module;

transmitting a command to get reportable specification from the computing system of the
process module to the third sensor; and
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transmtting a reportable specification nmessage fromthe third s%pﬁgr 2004
the conputing systemof the process mpdule. 7. The conputer inplerfent-ed
nmet hod, as recited in claim®6, further conprising the steps of: spawning
fromthe connection nonitor task within the conputing system of the process
nodul e a second sensor nessaging tasks; transmtting an acknow edgenent of
the command to get reportable specification from the second sensor to the

conmputin (W-Teal r s.module: transmtting an acknow edgenent of
threTp r epo?t g%’%e s@g%rieptlg}%gtgiS§%C%§ﬁ3t§°§arﬁegs?qeér atﬁ%{mr‘i%%gftt?ﬂ@‘:g%‘ft@ﬁl of the
pr oc e §X5§MefeP eesst WedWecond sensor; spawning fromthe connection monitor
task within the conputing system of the process rr;)dulhe a thi rg tsenso'[

i - transmitiing an acknow edgenent of the conman 0 ge
fopor Labl Ir@esé%% o1 fe "YFPB‘%I"OB'W@ ePY i © Qd\m"te()c‘inl’%'s'%?ﬁﬁ&ﬁpﬁ@fisystem of

reporiabl e Specirticat
t he proces&Pawpiafrem themdntactioremortitb tagk withinaibk comlutrahgyaemtof Bk pidaessr eport abl e

speci mb&ad 4 AESPa& endsk lifiks. computing system of the process nodule to
tﬁe third sgénbg nes ébmgttersi npl enent ed nethod, as recited in any of

r. The co eci
clains 6- 7t,ra"P'iﬁ‘&inﬁé‘F aﬁ'ﬁ‘ﬁ’ﬁ@%‘?"ﬁ’?@t Pfifee comatigd & get tepertedle speeifirgtion foommand to get
an al e sedondhéamsardortecdmputiogsysieen sfeonccssemsale;t 0 t he fcohrrputl ng Séstem OI
th oce . 1 ft] e nent o e .conman 0 ge
the ol ar m Lo S D e R e B S SO RE e Bos ke Ll o to ¢ h
secon@P PHIGsYste PHAG RioFeSS MpddlR tatha Feronéipanso r om t he conputing system of the

process mogpeweing feort the comrRemAGnERAIK withhaSdBhpLirdGyasm ackapwkadgement  of
t he %&Tui@é ﬁﬂ&n%&r%séﬁﬁﬁp?%‘ﬁ?nd sensor to the conputing system of the
dtu e; ftransmtring

process no 'a command to get an alarmtable conmand from

t he t hi r d %88#EIENI ehagknewledasmsnta thy copmaatriowkt rehwriapiespesicationdisie ;

t r ansha third Sighsdiio m@kﬂ@pdti?ggﬁh Bnét 1 prbde8s ﬁgﬂ@?gd E ﬁegte}ﬂ ﬁgesglng);n- table from
[ system 0 € process no '

: ?:ns(r:np{r}tj :{%"“B‘gﬁﬁ'ﬁg %?Cﬁn?"g%cfggnﬂegtooﬁﬁ?ﬁ%mgﬁﬂf)Eﬁel"ﬂ@at'ggl?F%??p%fm’f‘H’@ process nodul e

t o t HEMPYing gystenepidon procase moduetortng thirdiepraor. acknowl edgenent of the alarm

table fromthe third sensor to the

8. The computer implemented method, as recited in any of claims 6-7, further comprising
the steps of:

transmitting a command to get an alarm table command from the second sensor to the
computing system of the process module;

transmitting an acknowledgement of the command to get the alarm table from the
computing system of the process module to the second sensor;

transmitting an atarm table from the computing system of the process module to the
second sensor;

transmitting an acknowledgement of the alarm table from the second sensor to the
computing system of the process module;

transmitting @ command to get an alarm table command from the third sensor to the
computing system of the process module;

transmitting an acknowledgement of the command to get the alarm table from the
computing system of the process module to the third sensor;

transmitting an alarm table from the computing system of the process module to the third
sensor; and

transmitting an acknowledgement of the alarm table from the third sensor to the
computing system of the process module.
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conmputing system of the process nodule. 15 SEP 2004 9. The conpuldl SEP 2004
i npl emented nethod, as recited in any of clains 7-8, further conprising
the steps of: transmitting a command to get tinme and initialization data
fromthe second sensor to the conputing system of the process nodul e;
transmtting an acknow edgenent of the conmand to get tinme and
initialization data from the corrputi ng system of the process nodule to the

secong, sen nsmtt|n itialli atl a fromthe conputing
systeiof tHecaRiP il Al il LERbs S KRk oRneg an
acknoﬁh’%ﬁi@fﬁ@ént of the time and initialization data fromthe second sensor
to the Com‘dﬁénﬂﬁn ¥ 8drearfto é@@m@%ﬂ@ﬁlﬁlﬁhﬁmaﬁafr&ﬁlﬂ@§5@or‘1$ .lsé?mg?_lrato gamand to
get ti nd i ni | ization ? fromthe third sensor to t comput i ng
syst er?f"B? T%VSB%%T UMYt r ansnitti ng an acknow edgenent of the
comand t o trgemittingvan avhobwistigemeritioztht bommatatiagéttiomant maiatabmidatgpnsy st em of
the Pﬁ%@?ut%@%t&n bnd %C%QHOQU@%Qﬁé)gGCOEJ QAP tting time and

initialization fromthe conmputin stem of the process nodule to the
third sensSrRPSMUHRE imegnehiniializaign afﬁa fem %&mw@t@ﬁém@r@ﬁﬂ fBoggsEEoge

i niti &dthasdcoodsestadra from the third sensor to the conputing systemof the
process no ocessi sem.conduct or rel ated

devi ces, qgl#sﬁ'nttﬁlqgan é%QnoWe%gérﬁénlﬂgf thgﬂ%géncﬁm?eﬁlzé}%g éjgt&frﬁ@ Igee $RC 8?)% duct or

rel at é@%@?i‘*@@mpl&'”@@m pifbe rpepse medve: cont roI ling the process chanber,

el ectri cal tryhsemfeciontndng tdg&nm@émﬁaaag&m;ﬁa@rfronﬁh@ﬁltra\@étdspﬁb lﬁ{ét ricall yt 4
conne Utl ng s alTlrst sensor electrically connecte
génSng{lb\%sy%g% 0?91 C(Q,?&B%%%Dm tor

to the 2 Conl task, which is spawn in the conputing
system aft E&nSﬂﬁ@mmmq”wggerB% ofdha ¢osmanid i gdt time dnd ialtidlizatidni dagtfroeensor

”Essaﬂlb'&&nb@ﬁﬁsys‘(@m&hhé&oe%ﬁ@%dtﬁé’@metthlﬁié‘e%ﬁ?em' on monitor task within the

conmputi ng st cess 1? after the first sensor initiates a
connect i Onts%/uS[nﬁt qgﬁ@e agﬁf@ﬁf aﬂg{l cla);% e computing system of the process module
to the third sensor; and

transmitting an acknowledgement of the time and initialization data from the third sensor
to the computing system of the process module.

10. An apparatus for processing semiconductor related devices, comprising:

a process chamber for processing semiconductor related devices;

& computing system for controliing the process chamber, electrically connected to the
process chamber;

a network electrically connected to the computing system;

a first sensor electricaily connected to the network;

a connection monitor task, which is spawn in the computing system after the computing
system is initialized; and

a first sensor messaging task, which is spawn from the connection monitor task within the
computing system of the process module after the first sensor initiates a connection with the
computing system.

1. The apparatus, as recited in claim 10, further comprising:

a second sensor electrically connected to the network; and

a second sensor messaging task, which is spawn from the connection monitor task within
the computing system of the process module after the second sensor initiates a connection within
the computing system.
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11. The apparatus, as recited in claim10, further conprising: g §egppdgpk
sensor electrically connected to the network; and a second sensor nessagl ng
task, which is spawn fromthe connection nonitor task within the conputing
system of the process nodule after the second sensor initiates a connection
within the conputing system 16 12. The apparatus, as recited in claim 11,
further corrpri sing: a third sensor electrically connected to the network;
and a %h sensor messa_gi ng task, which is spawn fromthe connection

moni t d Pe PR, 3% KETRIINPIEM HeUB) COmPTSingt he process modul e after the
third sens@rthnrcmem'scatalsestri@allgommemedmmynet»hnrlt laed conputing system 13. The

apparat us, aQﬁrc{]s%ﬁéJr ?n%séa |n lta@;k Mirtctris é(.’jlﬂﬁlﬁ ﬁ'%nlﬂ éﬁerb%n et §rﬁt{a§t8% withie second

sensor, and sor are cannec |en e conputing
syst eﬁ’i’eoq”mtthé‘gﬁyﬂ%%m?rB’G&?Sé mogule afigydheiprhsersqi initiates araeanactien With tagy  of

cl ai neohutihgsystdrerein the first sensor, the second sensor, and the third
sensor are hot swappable plug and play. 15. The apparatus, as recited in
any of clainms 10-14, wherein said conputing system furt her conprises a
hear t Béat EFE%QP&I&@MS@@# rewmdmla;i@riéswfwrﬂ@ﬁmtﬂtsémnsmtbsagmmu eergorsamisor i f the
CONPU tHienBirdSbhiéc? BiedoRfecha s ERGRIWY heR@oMBARA SR &ihd &e%@ﬁ‘\%&ﬁlew'th' n a period
of time. 17 Abstract PLUG AND PLAY SENSOR 1 NTEGRATI ON FOR A PROCESS MODULE
A process chanber with a conmputer systemthat controls the process chanber
i s coffect ébe apparatuseasoecived incang ehs@ms 1 2:WBivdlersar the tisednsm, theosdcbad t he process
| N { NSobRaRMEe B1aBhREr ard AR nBSRBRgIEpepNNECt ed L0 Lhe computer sysiem
in a client/server relationship, in a away that allows the sensor to be
hot swappabl e plug and play sensors. The conputer system exchanges various
nessag@es wirbdhagphetuseassedited insanp ohelaims 2@$4, wihielzir Jag! @epsigSyst@ndutHat egr at es

and Ubdghdrig&sa ndlbdt AeMagt fRMAidEs R8NP Reaftbeat message to a sensor if the

computing system does not receive a message from the sensor within a period of time.
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