1 0 SMART COVPONENT- BASED MANAGEMENT TECHNI QUES IN A
SUBSTRATE PROCESSI NG SYSTEM Descri pti on BACKGROUND
OF THE | NVENTI ON - The present invention relates-in
general to smart components in substrate processing
systens and the use of smart conponents and snart
conponent - based nanagenent techni ques for inproving
the installation, operation, and maintenance of
substrate processing systenk.QSubstrate processi ng
systenms, such as plasma processing systens, wet
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consumer demand for constantly improving electronic products, customers expect that the
substrate processing systems be capable of carrying out highly demanding etch and
deposition processes, as well as be capable of high throughput rates. As a result, modern
substrate processing systems are increasingly characterized by highly sophisticated designs,

exotic materials, and precisely tooled parts.

When a part needs to be installed, as a replacement part in accordance with a
predefined maintenance schedule, for example, manufacturers of substrate processing
systems often insist that the replacement part be certified. The certification process insures
that the part meets stringent engineering specifications, for example with respect to the

composition of the part material and the dimensions of the part.

When a certified part is employed, the manufacturer of the substrate processing



2 0 system can be reasonably certain that the
substrate processing system has the intended
configuration and confornms with expected system
specifications to run the required application (e.qg.,
the etch or deposition process). The use of certified
parts benefits both the owner of the substrate
processi ng systens, who enjoys a reliable systemthat
yi el ds expected process resduld@s, and the

manuf acturer, who enjoys not having to repair
substrate processin systens that are broken due t
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There are other issues with respect to the installation, operation and maintenance of
parts. In today's substrate processing systems, it is all too easy to incorrectly install a part, to
install the wrong part for a given system and/or application, and/or to miss a required

maintenance task on a part. As substrate processing systems become more complex, the

problems are exacerbated.

In view of the foregoing, a different approach to managing substrate processing

system components is required.



SUMVARY OF THE | NVENTI ON The invention relates, in one
enbodi nent, to a nethod of conponent nmanagenent in a
substrate processing system The substrate processing
system has a set of conponents, at least a plurality
of conponents of the set of conponents being
designated to be smart conponents, each conponent of
the plurality of conponents having an intelligent
conponent enhancenent (1CE).3 The nethod incl udes
querying the plurality of conmponents to request their
respectlve uni que identification data fromtheir
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enhancenent (I CE). The nethod includes querying, via a

transducer, a first
In yet another embodiment, the invention relates to a method of component

management in a substrate processing system. The substrate processing system has a set of
components, at least a plurality of components of the set of components being designated to
be smart components, each component of the plurality of components having an intelligent
component enhancement (ICE). The method includes querying, via a transducer, a first
component of the plurality of components to obtain first calibration data. The first

calibration data is obtained using one of a first technique and a second technique. The first



conmponent of the plurality of conponents to obtain
first calibration data. The first calibration data is
obt ai ned using one of a first techni-que and a second
techni que. The first 4 0 techni que invol ves obt aining
the first calibration data froman | CE associated with
the first conponent. The second techni que involves
obt ai ni ng uni que identifying data fromthe ICE and
enpl oyi ng the uni que identiflying data to obtain the
first calibration data froma data store external to

the first copponent._The metho dditionally. i
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EMBODI MENTS
FIG. 1B illustrates, in accordance with another embodiment of the present invention, a

method for managing components utilizing data from smart components.

FIG. 2 illustrates, in accordance with another embodiment of the present invention, a

method for managing components utilizing data from smart components.

FIG. 3 illustrates, in accordance with another embodiment of the present invention, a

method for managing components utilizing data from smart components.

FIG. 4 illustrates, in accordance with another embodiment of the present invention, a

method for managing components utilizing data from smart components.



The present invention will now be described in detai
wth reference to a few preferred enbodi nents thereof
as illustrated in the acconpanying drawi ngs. IR the
foll owi ng description, numerous specific details are
set forth in order to provide a thorough

under st andi ng of the present invention. It will be
apparent, however, to one skilled in the art, that

t he present |nvent|on may be prcticed mnthout some or
all of these specific details. In other instances,
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smart components and conventional components (i.e., those without the ICE) can co-exist

on a given system.

Generally speaking, each smart component can be uniquely identified by its ICE.
Preferably, the ICE contains data that can be machine readable although the invention does
not exclude the combination of human-readable ICE and techniques for utilizing such

human-readable ICE in combination with external data in order to improve the installation,



6 o operation, and mai ntenance of substrate processing
systens. Exanpl es of human-readable |CEs include

al phanunerics or other visually-perceptible synbols
etched, attached, painted, or engraved into the smart
conmponents. If the ICE is machi ne-readabl e, the data
pertaining the smart conponent may be nanually or
automatically read. For exanple, if the ICE is a bar
code, manual readi ng may i fcl @de usi ng a hand- hel d
bar code reader to read the bar code. The sane bar
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as active or passive. Some active tags have an internal battery that allows for long-read
ranges. They are typically read/write capable and may often be seen in toll collection

applications for example. Passive tags do not have a battery and are powered by a separate

external source typically the interrogator.

A typical reader generally contains an antenna to transmit information to the tag as
well as receive it from the tag. The size and form of the antenna may be dependent on the

specific application as well as frequency chosen. It typically houses a decoder and RF



specific application as well as frequency chosen. It
typically houses a decoder and RF 7 0 nodul e as wel |
as the antenna. Readers can be fixed, i.e. nounted, or
portabl e such as a handhel d depending on the
application. Furthernore, where appropriate the ICE is
configured to be resistant to the corrosive and/or
destructive effects of the environnent to which the
smart conponent is subjectéd.oThus an ICE in a plasma
envi ronment woul d be constructed such that it is
substantlally resistant to plasnma etching or
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electro-magnetic signal such as to allow RFIDs or other non-contact, non line-of-sight
techniques still to be employed for data transmission. The human operator can also remove
the shield for data transfer but it is preferable that the ICE is configured for automatic data

transfer without human intervention.

So far, ICEs are discussed as static devices whose data are unchangeable. However,
embodiments of the invention also include programmable ICEs, which allow data to be
written into the ICEs. To an extent, all ICEs need to be written once (e.g., at the factory) at

which time the unique identification data is initially assigned to the component. If the data
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data may be logged into the ICE of a smart component, in one embodiment, or may be
provided by the ICE to another device (e.g., another smart component, the host computer, or

the substrate processing system controller), in another embodiment.

Data storage in the ICE, as well as data transfers to and from the ICE, is preferably
accomplished with a high degree of security. Digital signature, DES, and other security
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The database may be maintained by, for example, the manufacturer of the substrate
processing system or by a distributor or another organization and accessible via a data
network. Generally speaking, the external data store is preferably stored in a manner so as to
protect the confidential information of individual owners or operators of substrate
processing systems. Available data security techniques may be employed to protect the

confidentiality.



processi ng systemor by a distributor or another
organi zati on and accessible via a data network.
CGeneral ly speaking, the external data store is
preferably stored in a manner so as to protect the
confidential information of individual owners or
operators of substrate processing systens. Avail able
data security techni ques may be enpl oyed to protect
the confidentiality. 10 0 X afi exanple of a snart
conponent - based nanagenent technique, the |CE data
can be enplo¥ed to ascertain in real tine or ne £
ti me ARRBEREPILASHIE Semponer-bsed gL eEB Y E?]’[CrE ata

cMe%rr@ﬁ?@&fo #derthingn fe@b/tﬁﬂé beﬁaﬂ r§al |t1He Weethet ae@nwnéﬁk &)
I A_and 1B %ﬁ quer

{ g installation t

ot st ARt A eEt Gt vengoris Jhweried BrHIOS, LA At By

q%ﬁé (50, P RBEIMtioh Gifnel att%ys%rﬂﬁ Shtup QNG dnly Gedet ARdRLiAe) the
t he substrate processi ng systemor a host conputer

SRR CAPORIt £ty DeigvccpRtifestihdeRche TRETAEORFBtsIRRg SYPigm or a host
Stk REY bl MWie B &&Hhin@ Whether (RS &GRSt i’sﬂﬁhlgﬁeﬂtfbﬂbaﬁﬁugr
a particular etch or deposition process
Propessd prpication fe® sapariculas pich ehﬁ*eapmwm%i)%pl heél‘bsffé‘? Ppgessing
sﬁﬁgmgst%&ﬂxt& HRRRAGRV RN d&taﬁﬂse datt@nig dhid pmangngta the
the proposed application and the conmponents

PrRBRFEY anpéicaion erdihe corpongnfs Fhatj%i?%%%utﬁkd? opanch &6‘8‘&%&“@( ke

adbbRibfe &leﬁfer REWORY. fhe s:[llﬁﬁra?é'ﬂ?&%sﬂgesy&éﬂ QEESst E@nputer may
system or host conputer may be able to

al@@teea,b}ﬁ tp éetelgpqaﬁg plgp ycﬂygfyy}&{be stnﬁjét cgwgpgen&@rgpgﬁ(éTﬁA 102 104,
F l@e 18: 15258, whéther WsnidPoompbilefs is derBiedlin Zheldehise thath@f her

the smart conponent is certified in_the sense that |t

mpnyfachiser ip g ¢ With the BRYAGTHEr S WET1GaHen FrRderPEnst er ' s

atiRBGhtionCRb k&RpdNentUS #RAd REtAPEY progudll RetiFigd@ibassd on kife réceived
conponent is ?ound not to be properly ggftlfledé{gased

urdghergratiieation dag thag ﬁ?rawemd@mbpﬂeetawcaH a4 (G gyffageed ina

dADARY AR BbrrdBYe RBoRlALFIAN £AlbFIG! BRIaed). (e. 9., fl agged
in a database) for corrective action (e.g., FIG | A

110, FIG 1 B: 160). As anot her exanpl e of a smart

co nmamtmb@@ﬁglermra@@eﬁemp&eﬁmabdau@nagmnt eenicRk, ahé o n
bet ween the queri ed

uni q dentlflc da

cogglatiombatwesnthe quedednig 1 %&Uﬁ%f’? ﬁiazae w@ﬁ%ta gpre kS be
utlligkero E%/EI&Q)F tak€cafk i @R tibdd 115 tlfuutainls threwtﬁhroﬁt-blf -dfe component

out-o ate con‘ponent or, ex , a mout . .
orciBhESHBHe 2 PAZRCOWS AT H AR S‘B’é 2y tien fligeqidgeds mpermissibly
indtATRARAA Ss3d. t(bﬂbouﬂs@ H'ttlﬁ'l do?@oﬁl’ﬁdls ds6chterfdit compoiat drfa nbheertified

Corrponent is. a.co terfe nmp nent [ . ) .
CORBFRS it e RiFation s REhE | lack fherebh s FICe 141 196 TSk 1B: 150)
wdulEreh @l Kuch Reb@drfeit(a@erdpt or bh &tenlpfio ukO B notbdrificilcdinpdriza).
Even if the unique identification data is replicated, a central database may be able to detect
that the same unique identification data is being detected in two different substrate

processing system and/or in two geographically separate locations and to generate an

appropriate alert.

If the received unique identification data is as expected, further system installation
and/or power-up and/or substrate processing may be allowed to proceed (e.g., FIG. 1: 108,

FIG. 1B: 158).
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example, a pattern of changes in the calibration data of one component may indicate a
problem with another part or portion of the system. By utilizing the stored calibration data,

proactive component and/or system maintenance may be performed before the failure

actually occurs.

Generally speaking, when the queried data from a smart component reveals that the
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have a different impedance value, for example. In this manner, the number of substrates

wasted due to incorrectly configured substrate processing systems is substantially reduced.

The ability to automatically query smart component data from smart components
may also be used to proactively maintain substrate processing systems, for example. If an
engineer working for the substrate system manufacturer believes that a particular batch of

smart components is defective, he may be able to employ a computer network to query the
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be proactive in component replacement and/or cleaning and/or any other maintenance task.
In an embodiment, a replacement component can be automatically ordered by appropriate
software-driven business logic if the historical data suggests that the component needs to be
replaced in the near future. The fact that the historical data is automatically collected and
may be employed to automatically trigger maintenance actions not only renders proactive
maintenance more feasible but may also substantially reduce the maintenance record

keeping burden, as well as reduce the chance for tracking errors.



hi stori cal data may be uploaded as the data is
collected, or the smart conponent nmay wait until an
appropriate tine (e.g.,-after the plasnma cycle is
conpl ete or upon request) to upload the data. This

hi stori cal data may be enpl oyed to determ ne whether a
smart conponent is or remains suitable for use in a
particul ar system in conbination with other
components in a given syst&moand/or with a
particul ar application. The historical data may
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Alternatively, the historical data nay allow the
systemto calibrate and/or nodify other conponents

and/ THe felldvweiig @ ibes s mmﬁﬁﬁioeﬁeﬁlotvmeﬁbﬁmmmmpnents and
. Creating a nore suita %
inventive componentry management tec niques substantially improve the installation,
operation, and maintenance of a substrate processing system. When initially installed, the
system may query its smart components and compare the data obtained regarding both the
identity of the smart components and the component calibration parameters to determine
whether the components are authorized and/or are suitable for use individually or together in

the present system (e.g., whether the components will conflict with one another).

Once the system is ascertained to be properly installed (possibly by comparing the



envi ronment for achieving favorable process results
for a given conponent condition. The historical data
fromone or nore conponents in a systemmy al so all ow
an engineer to nore precisely ascertain the operating
condition at a point in tinme in the past. Such
forensic reconstruction of the past may be of immense
help in pin-pointing the cause of failure either to
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ot her conponent in the system If an owner uses a
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data logged (preferably in a form that is resistant to tampering) in order to prevent an
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unscrupulous user from later obtaining free warranty service and/or any other concessions
from the legitimate system vendor when the substrate processing system eventually breaks

down due to the use of an inappropriate component.

If an abnormal condition is encountered by one of the smart components during
installation or during operation, the collected environmental data may cause an alarm to

sound. The data is logged and optionally transmitted to the system manufacturer for quality



data in order to performa self-diagnostic, and al so
to set any necessary paranetric variables relating to
desired calibration and conpensation settings. This
data nay allow the systemto determ ne whether a part
is still within specification to performfor exanple
the proposed etches and/or depositions. If the
application data (e.g., recipe) is available, the |ICE
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Thus, while this invention has been described in terms of several preferred
embodiments, there are alterations, permutations, and equivalents which fall within the
scope of this invention. For example, although the specific example is discussed in the
context of a plasma processing system in general and a plasma etch system in particular, the
invention may also apply to other substrate processing systems such as chemical vapor
deposition (CVD) systems, plasma-enhanced chemical vapor deposition (PECVD) systems,
physical vapor deposition (PVD) systems, rapid thermal processing (RTP) systems,
lithography systems, etc. It should also be noted that there are many alternative ways of
vimplementing the methods and apparatuses of the present invention. It is therefore intended

that the following appended claims be interpreted as including all such alterations,



processing systemw th unique identification data and
preferably with uniquely identification data that can
be automatically read by a suitable transducer, the
queried data nay then be enpl oyed by inventive
conmponentry managenent techniques in order to inprove
installation accuracy and to i nprove the |ikelihood
that parts in the systemare optimzed to run the
proposed application. The uhi qu& identifying data, in
conbi nati on mﬁth di scl osed snmart conponent based
managenent. t echni que stanti el.im nate the
PRSI e RAICE B ~EB AR apt RS ot i pBoTor
insetiidhi tutes go undetected in a substrate processing
system The historical data stored on the parts
contributes to a reduction in fraudul ent warranty
claims and hel ps engineers recreate the operating
conditions of any point in tinme in the past to nore
accurately tune the substrate processi ng system and/ or
pi npoi nt the source of any failure. The correlation
bet ween data stored on the parts with external data
stores greatly expands the usefulness of the ICE as a
tool for inproving substrate processing system
installation, operation, and nai ntenance. Thus, while
this invention has been described in terns of severa
preferred enbodinments, there are alterations,
permut ati ons, and equi valents which fall within the
scope of this invention. For exanple, although the
specific exanple is discussed in the context of a
pl asma processing systemin general and a plasma etch
systemin particular, the invention my also apply to
ot her substrate processing systens such as cheni ca
vapor deposition (CVD) systemns, plasna-enhanced
chem cal vapor deposition (PECVD) systens, physica
vapor deposition (PVD) systens, rapid thernal
processing (RTP) systens, |ithography systens, etc.
It should al so be noted that there are nany
alternative ways of inplenenting the nethods and
apparatuses of the present invention. It is therefore
intended that the foll ow ng appended cl ai ns be
interpreted as including all such alterations, 17 o
pernmut ati ons, and equivalents as fall within the true
spirit and scope of the present invention. 18 0



Clainms | . In a substrate processing system having a
set of conponents, at least a plurality of conponents
of said set of conponents bei ng designated to be smart
conmponents, each conponent of said plurality of
conmponents having an intelligent conmponent enhancenent
(ICE), a nethod of conponent managenent, conpri sing:
querying said plurality of _conponents to request
their respective unique i dehti fcation data fromtheir
respective I CEs; receiving unique identification data
fromsaid plurality of conponents if any of said
plurality of conponents resf8fids to said querying,
said unique identification data pertaining to
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fail
COHELNYAHE ™ 0 one of an operator of said substrate
processi ng system and a nmanufacturer of said substrate
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Cor T ECITVEEERR B ncl udes providing a notification
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respond t id.querying to an. operator .of said .
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4. The method of claim 1 wherein said corrective action includes providing a
notification pertaining to a failure of said first component to respond to said querying to one

of an operator of said substrate processing system and a manufacturer of said substrate

processing system.

5. The method of claim 4 wherein said notification is sent via at least one of the

Internet, a Local Area Network, and a Wide Area Network.

6. The method of claim 5 wherein said corrective action includes providing a
notification pertaining to a failure of said first component to respond to said querying to an

operator of said substrate processing system and permitting said operator to execute a



substrate processing application after said operator
consents to assune a risk associated with executing
~sai d substrate processing systemin view of said first
conponent failing to respond to said querying. 7. The
met hod of claim6 further conprising | ogging data

evi dencing said operator consenting to assune said
risk prior to permtting said operator to execute said
substrate processing appllégtl n. 8. The nethod of

claim?7 further conpr|3|ng col l ecting and | oggi ng
sy bstrate pr cess n
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not match sai d expected second conponent
PEOGEHNE PRRUSTH%Bn data, flagging sai d second conponent
for corrective action. 11. The nmethod of claim 10
cl.udes, di sabl

mher t
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processi ng application. 12. The method of claim 10

wherein said querying and said receiving are
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11. The method of claim 10 wherein said corrective action includes disabling said
substrate processing system to prevent said substrate processing system from executing a

substrate processing application.

12. The method of claim 10 wherein said querying and said receiving are accomplished

without human intervention.

13. The method of claim 12 wherein said corrective action includes providing a
notification pertaining to a failure of said first component to respond to said querying to one

of an operator of said substrate processing system and a manufacturer of said substrate

processing system.



notification pertaining to a failure of said first
conponent to respond to said querying to an operator
of said substrate processing systemand permtting
said operator to execute a substrate processing
application after said operator consents to assune a
ri sk associated with executing said substrate
processi ng systemin view of said first conponent
failing to respond to saidzﬁuePying. 16. The nmet hod
of claim 15 further conprising |ogging data evi denci ng

aid erator. consenting t sune.said.risk priof.to
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further conprising collecting and | oggi ng
process-related data during said substrate processing
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conponent. of said plurality of conmponents having an
mpﬁgg?gﬁ@ ff°%onmponent enhancement (1 CE), a nethod of

conponent nanagenent, conprising querying, via a

ransducer, Lr onponent of sai d urality of
1 ormp ifeness i 26 Gt paipr e Feisp el gk ptobe Parieed
dabndulrinl sad sibsiessmotcasingapplitdiiosal d first conponent;
receiving, via said transducer, said first
characterizing data, said first characterizing data
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noades@phtadh enart component having said ICE, said at least one component not being a

member of said plurality of components.

20. The method of claim 1 wherein a number of components in said plurality of

components equals a number of components in said set of components.

21. In a substrate processing system having a se of components, at least a plurality of
components of said set of components being designated to be smart components, each

component of said plurality of components having an intelligent component enhancement
(ICE), a method of component management, comprising querying, via a transducer, a first

component of said plurality of components to receive first characterizing data from an ICE



specification data for said first conponent,

el ectronically flagging said first conponent for
corrective action. 22.- The nethod of claim 21 wherein
said corrective action includes electronically

di sabling said substrate processing systemto prevent
sai d substrate processing systemfrom executing a
substrate processing application. 23. The nethod of

cl ai m 22 wherein said querythg @nd said receiving are
acconpllshed using a conputer-lnplenented approach

nt erventi on. claim 21
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of an operator of said substrate processing system and a manufacturer of said substrate

processing system.

26. The method of claim 25 wherein said notification is sent via at least one of the

Internet, a Local Area Network, and a Wide Area Network.

27. The method of claim 26 further comprising logging data evidencing said operator

consenting to assume said risk prior to permitting said operator to execute said substrate

processing application.

28. The method of claim 27 further comprising collecting and logging process-related

data during said substrate processing application.



respond to said querying. 31. The nethod of claim 21
wherein said substrate processing systemrepresents a
pl asma processing system 32. The nmethod of claim 21
wherei n said substrate processing systemrepresents a
chem cal - nechani cal polish (CW) system 33. The
nmet hod of claim 21 wherein said substrate processing
systemrepresents one of a chem cal vapor deposition
(CVD) system a pl asma- enhatfced Theni cal vapor
deposition (PECVD) system a physical vapor
eposjtio PV stem a. rapid.thegmal processi. .
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34. The method of claim 21 wherein said querying is performed upon powering up of

said substrate processing system prior to processing a substrate.

35. The method of claim 21 wherein said first characterizing data is deemed to have
failed to meet said acceptable specification data if said comparing reveals that said first

component is out of date.

36. The method of claim 21 wherein said first characterizing data is deemed to have
failed to meet said acceptable specification data if said comparing reveals that said first

component has been in use for a greater time duration than acceptable.



40. In a substrate processing system having a set of
conponents, at least a plurality of conponents of
-sai d set of conponents being designated to be smart
conmponents, each conponent of said plurality of
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techni que, said first characterizing data representing
hi storical performance data associated wth said
first conponent, said second characterizing historica
performance data associated wth said second
conponent. 43. The nethod of claim 42 including
el ectronically disabling said substrate processing
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45. The method of claim 44 including electronically disabling said substrate processing
system to prevent said substrate processing system from executing a substrate processing
application if said combination of said first characterizing data and said second
characterizing data renders said substrate processing system unsuitable for executing said

proposed substrate processing application.



application, with one of said first conponent, said
second conponent, or a process recipe in order to
render said substrate processing systemsuitable feor
executing said proposed substrate processing
application. 48. The nethod of claim40 wherein said
substrate processing systemrepresents a plasm
processi ng system 49. The nethod of claim40 wherein
sai d substrate processing sy3te® represents a

chem cal - nechani cal polish (CW) system

46. The method of claim 44 including making a recommendation, if said combination
of said first characterizing data and said second characterizing data renders said substrate
processing system unsuitable for executing said proposed substrate processing application,
to an operator of said substrate processing system to make a change to one of said first
component, said second component, or a process recipe in order to render said substrate

processing system suitable for executing said proposed substrate processing application.

47. The method of claim 44 including causing an adjustment to be made, if said
combination of said first characterizing data and said second characterizing data renders said
substrate processing system unsuitable for executing said proposed substrate processing
application, with one of said first component, said second component, or a process recipe in
order to render said substrate processing system suitable for executing said proposed

substrate processing application.

48. The method of claim 40 wherein said substrate proceséing system represents a

plasma processing system.

49. The method of claim 40 wherein said substrate processing system represents a

chemical-mechanical polish (CMP) system.



