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SMART COMPONENT-BASED MANAGEMENT TECHNIQUES
IN A SUBSTRATE PROCESSING SYSTEM

BACKGROUND OF THE INVENTION

{0601} The present mvention relates in general to smart components in substrate
processing systems and the use of smart companents and smart component-based
management technigues for improving the wstallation, operation, and maintenance of

substrate processing systems.

[0002] Substrate processing systems, such as plasma processing svstems, wet
chemical processing systems, chemical-mechanical polish (CMP} systems, and the like, have
tong been emploved in the processing of substrates (e.g., semiconductor waters, flat display
panels, optics substrates, nano-machine substrates, and the ike). As technology progresses,
substrate processing systems (such as plasma processing systems) have become more costly
to acquire and maintain. Part of the cost increase can be attributed to the increased

2 systems themselves. This is because as devices shrink

ot o

complexity of the substrate processin
and production pressure increases in an aitempt to keep up with the ever-increasing consumer
demand for constantly improving electronic products, customers expect that the substrate
processing systems be capable of carrving out highly demanding etch and deposition
processes, as well as be capable of high throughput rates. As a result, modern substrate
processing svstems are increasingly characterized by highly sophisticated designs, exotic

materials, and precisely tooled pasts.

{0003} When a part needs to be mstalled, 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 cerfified. 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.

{0604} When a certified part is employed, the manufacturer of the substrate
processing system can be reasonably certain that the subsirate processing system has the
mtended configuration and conforms with expected system specifications 1o run the required
application {e.g., the etch or deposition process). The use of certified parts benefits both the

owner of the substrate processing systems, who enjoys a reliable system that yields expected

ot A

process resuits, and the manufacturer, who enjovs not having 1o repair substrate processing

systems that are broken due to inferior parts.
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[0005] As in the case with most quality products, the certified parts tend to cost more
than their inferior copies. For unscrupulous grey-market operators, the temptation to produce
mnferior copies of substrate processing system parts and to pass them off as “acceptable
substitutes” is high since a substantial profit can be gained by making parts cheaply and
selling them into a high-dollar parts market. For owners of the substrate processing systems,
the temptation to purchase and use non-certified parts is high, since certified parts, being
manufactured with great precision, tend to cost more in the short term. In these cases, both

the owners and the manufacturers suffer.

{0006} The owner, despite saving some money 11 the short term, mvanably suffers
from unreliable svstem performance and a frequently interrupted production schedule due to
equipment faitures. The manufacturer sufters from having to support and repatr a greater
number of broken systems, and possibly from being unjustly branded as a producer of

unreliable substrate processing equipment.

{6607} There are other issues with respect to the mstallation, operation and
maintenance of parts. In today’s substrate processing systems, it is all too easy to incorrectly
tnstall 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.

{6008} In view of the foregoing, a different approach to managing substrate

Processing system components is required.
SUMMARY OF THE INVENTION

{0009} The mvention relates, in one embodiment, 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 wtelhigent
component enhancement (ICE). The method includes querying the plurality of components
to request their respective umque identification data from their respective {UEs. The method
further includes receiving unique identification data from the plurality of components if any
of the pluratify of components responds to the querying. The method additionally includes
Ragging the first component for corrective action if a first component of the plurality of
components fails to provide first component unique identification data when the first

component identification data is expected.

2



WO 2008/017050 PCT/US2007/075113

{0010} In another embodiment, the invention relates to a method of component
management 10 a substrale 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 querving, via a transducer, a first
component of the plurality of components to receive first characterizing data from an ICE
associated with the smart component. The method also includes receiving, via the transducer,
the first characterizing data. The method additionally includes comparing the characterizing
data with acceptable specification data for the smart component. It the first characterizing
data fails to meet acceptable specification data for the smart component, the method includes

electronically flagging

ot et )

the first component for corrective action.

{0011} In vet another embodinent, the invention refates to a method of component

g system. The substrate processing svstent has a set of

s

management in a substrate processin
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 (}CE). The method includes querying, via a transducer, a first
component of the plurality of components to obiain fivst calibration data. The first calibration
data 1s obtained using one of a first techaique and a second technigque. The first technique
involves obtaining the first calibration data from an ICE associated with the first component.
The second technigue involves obtaining umque identifying data from the ICE and
employing the unique identifving data to obtain the first calibration data from a data store
external to the first component. The method additionally includes employing the first
calibration data in one of installing the substrate processing system and maintaining the

substrate processing systen.

]

{0812} ‘These and other features of the present invention will be described 10 maore

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

figures.
BRIEF DESCRIPTION OF THE DRAWINGS
[0013] The present invention 1s illustrated by way of example, and not by way of

hmitation, in the figures of the accompanying drawings and in which like reference numerals

vefer to similar elements and 1n which:

{0014} Fig. 1A illustrates, in accordance with an embodiment of the present

e
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tnvention, & methad for managing components utilizing data from smart components.

{0015} Fig. 1B ilustrates, in accordance with another embodiment of the present

mvention, a method for managing components utilizing data from smart components,

{0016} Fig. 2 illustrates, in accordance with another embodiment of the present

mvention, a method for managing components utilizing data from smart components.

{6017} Fig. 3 tllustrates, 1 accordance with another embodiment of the present

invention, & method for managing components utihizing data from smart components.

{0018} Fig. 4 illustrates, in accordance with another embodiment of the present

invention, a method for managing components utilizing data from smart components.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

{06019} The present invention will now be described 1n detail with reference to a few
preferred embodiments thereof as tllustrated in the accompanying drawings. In the following
description, numerons specific details are set forth in order to provide a thorough
understanding of the present invention. B will be apparent, however, to one skilted 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 unnecessarnly obscure the present invention.

{0020} The invention relates, in one embodiment, 1o smart components configured for
use in a subsirate processing environment and techniques for leveraging the smart
components to improve individual components, subsystems and system management. To
etaborale, a smart component meorporates at minimum an Intelligent Component
Enhancement {ICE) that at {east uniquely identifies the component. As the term is employed
herein, a smart component may represent an indivisible elemental part (such as a single solid

piece of cast aluminum alloy) or a subsystem (such as an RF power supply)

{6021} A smart component may be based on any component that is g part of the
substrate processing system, whether or not such component 1s in divect contact with the
reactive gas, hqud or plasma. For example, a component of a plasma processing system may
include the gas injector, the gas injection sysiem, the plasma chamber, the dielectric window
for plasma coupling, the finer, the focus ring or other edge ring or uniformity ring{s), the
chuck assembly, the chuck tiself, chuck supporting component(s), the endpoint detection

system and/or other diagnostic system{s). the RF power supply, or the match network, etc. It
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ts not necessary that all components in a substrate processing be smart components. A mix of
stoart components and conventional components (1 ¢, those without the KCE) can co-exist on

& given svstem,

{6022} CGenerally speaking, cach smart component can be uniquely identified by 1ts
ICE. Preferably, the ICE contains data that can be machine readable although the invention
does not exclude the combination of human-readable ICE and technigues for utilizing such
human-readable 1CE in combination with external data in order to improve the installation,
operation, and maintenance of substrate processing systems. Examples of human-readable
ICEs mclade alphanumerics or other visually-perceptible symbols etched, attached, painted,

or engraved into the smart components,

[0023] 1f the ICE is machine-readable, the data pertaining the smant component may
be manually or automatically read. For example, if the 1CE is a bar code, manual reading
may include using 8 hand-held bar code reader to read the bar code. The same bar code may
of course be automatically read i the scanning of the bar code can be accomplhished without
human intervention. Although bar codes are emploved as an example, any visually,
clectronically, electromagnetically, optically, chemically, or audibly perceptible mechanism
may be emploved by the ICE. Such examiples include shapes or patterns to be recognized,
various forms of tagging or painting with 1sotopes or chemicals to be detected chemically or
via electromagnetic detection arrangements. Automatic reading may employ technologies
such as RFID, which allows the smart component 10 be 1deatified without requiring contact

or hine-of-sight reading and/or wniting.

{0024} RFID 1510 fact one of the preferred ICE enabling technologies. Generatlly
capable of transmitting data without direct physical contact or hine of sight in the
electromagnetic spectium, REID operates sinnlar to bar code but with far greater capability.
An example RFID system may require the following components: transponder (ot tag),

reader/writer (interrogator}, antenna, and host computer.

{6025} The transponder is part of the systenm and includes a small electronic circuit
preferably with an attached silicon chip. RFID tags may be powered and may be classified as
active or passive. Some active tags have an internal battery that allows for fong-read ranges.
They are typcally readfwrite 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

typreatly the interrogator.,
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[0026] A typical reader generally contains an antenna to transmit information to the
tag as well as receive 1t 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
module as well as the antenna. Readers can be fixed, 1.e. mounnted, or portable such as a

handheld depending on the application.

{0027} Furthermore, where appropriate the ICE 15 configured 1o be resistant to the
corrosive andfor destructive effects of the environment to which the smart component is
subjected. Thus an ICE in a plasma environment would be constructed such that it is
substantially resistant to plasma etching or deposition, as well as resistant to being damaged
by the RF energy associated with plasma generation and/or the high temperature environment
it such exposure 15 required of the smart component. Likewise, an ICE 1 a chemical etch
environment for example would be substantially resistant to the chemical emploved in the
etching process, Preferably, the ICE along with any supporting or shielding structure is
configured to mintmize impact on the substrate processing process {e.g., by minimizing

contamination and/or impact to Process paranieters}

{0028} To render an ICE more resistant to damage, the ICE or a portion thereof may
be embedded within the smart component so that the ICE or the vulnerable portion thereof' is
not physically exposed. For data transfer, such component-embedded ICE may rely on non
line-of-sight techniques. Alternatively, the ICE or part thereof may be shielded by an
appropriate shield (formed from a suitable material such as metal, dielectsnic, ceramic, plastic,
ete.). The shield or portions thereof may be optically transparent, permitiing the use of hine-
of-sight data transfer techniques that requires some degree of optical transparency. Even
when the shield is not optically transparent, if the shield is designed with an appropriate skin
depth, or a dielectric boundary is provided the shield can transmit sufficient 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.

{0029} So far, ICEs are discussed as static devices whose data are unchangeable.
However, embodiments of the invention also include programmable HCEs, which allow data
to be written into the ICEs. To an extent, all ICEs need to be writien once (.., at the

factory) at which tume the unigue identification data is imtially assigned {o the component. I

&
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the data in these ICEs cannot be changed in the field, these ICEs are referred to herein as

static 1CEs.

{003 Programmable ICEs differ from static ICEs in that data can be writien into
progranuuable ICEs 1 the field. Generally speaking, the programmable ICEs include on-
board memory to store additional data. The amount of memory may be as little as a few
bytes to store only the unique identifving data, or may be sufliciently extensive to, for
example, log data collected during process nns. The memory may be semiconductor-based,

or may be optical or opto-electromagnetic based, for example.

{0631} As mentioned, the data may be wiitten once {e.g., at the factorv) and
unchangeable. The data may alternatively or additionally be unalterably written such that old
data cannot be erased. Such unalterably written data facilitates anditing. The data in the
1CEs may additionally or alternatively be written and rewniten over and over. In some cases,
it may be appropriate to include more than one tvpe of memory or chip or circuit in the ICE.
Further, i ts preferable in some cases that strong security arrangements (such as encryption
and/or password) exist in the ICEs 1o protect the data from tampering andfor unauthorized
access. This aspect will be apparent when the data 15 teveraged using techmigues discussed

tater herein for components and/or system management.

6032} The data in the ICEs may be writien by external devices, t.e., devices other
than the smart coraponent assoctated with the ICE. For example, a host computer or the
substrate processing system controller may write to the 1CEs of the various parts.
Alternatively or additionally, an ICE may include probes to obtain data for writing into its
own ICE. For example, a chuck may include a temperature probe to write temperate data into
its ICE, As another example, a mateh network may include a current probe to record the
amount of current flowed into the substrate processing system. During a substrate processing
cycle, data may be logged 1ato 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 controlier), in another embodiment.

[0033] Data storage in the ICE, as well as data transfers o and from the ICE, 15
preferably accomplished with a high degree of security. Digital signature, DES, and other
security technigues may be employed to achieve data security.

{0634} ICEs that are exposed to the plasma environment and yet need to transfer data

during plasma processing may be designed such that their read/write RF frequencies are
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outside of the frequency range of the RF signal employed for substrate processing. For
example, many substrate processing systems employ 2MHz, 13.56MHz, or 27MHz R¥ signal
for etching applications. By avoiding such frequency ranges, data transfer may be
accomplished more rehiably andfor efficiently. Alternatively, the ICE may employ any
frequency for data communication but may need to wait until plasma processing is completed
before transmitting its data to the recipient device, providing only that the data
communication circuitry survives any R¥ or other power applied during the actual process

execution.

[0035] In an embodiment, the unique identification data of the 1CE 15 employed to
facilitate accessing external data stores {(which may be disposed with the substrate processing
system or may be accessible via a network such as a Local Area Network, a Wide-Area
Network or the Internet). The use of such counterpan external data stores vastly improves
the usetulness of such untque identifying data, especially if the 1CEs cannot store a large
amount of information. The unique identifying data may be employed, in one embodiment,
as an index to determine the electrical, mechanical, and/or material composition data
pertaining to the smart component. The history of the smart component (including for
example its manufactoring data, its deployment data, its usage data, and the hke), its
calibration data, its specification, etc., may also be obtained by searching such external data

stores using the unique identifving data as an index.

[0036] 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 daia store is preferably stored in a manner so
as 1o protect the confidential information of individual owners or operators of substrate
processing svstems. Available data security techniques mav be emploved to protect the

confidentiality.

{6037} As an example of a smart component-based management technique, the ICE
data can be emploved to ascertain in regl ttme or near real time whether a component 15 a
certified component. This aspect of the invention is lusirated by Figs. 1A and 18. By
querying (e.g., at installation time, at system startup time, ov any other random time) the
stoart component for its unique identification data, the sobstrate processing system or a host
computer may be able to determine whether the component 1s designed for a particular

proposed application {e.g., a particular etch or deposition process). The substrate processing
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system or host computer may be endowed with a database containing data pertaining 1o the
proposed application and the components that would be suttable, or such database may be
accessible via a computer network. The substrate processing system or host computer may
also be able to determine, simply by querving the smart component {e.g., Fig. 1A: 102-104,
Fig. 1B: 152-154), whether the smart component is certified in the sense that it is
manufactured in accordance with the manufacturer’s specification or under proper
authorization. If a component is found not to be properly certitied (based on the received
unique identification data, that component may be electronically flagged (e g, flagged in a

database} for corrective action {e.g., Fig. 1A 110, Fig. 1B: 160).

[0038} As another example of a smart component-based management technique, the
correlation between the querted unique identification data and the external data store may be
utilized to prevent or take corrective actions in situations wherein an out-of-date component
or, for example, a worn-out component that should have been discarded 1s impernussibly
tnstatled and used. Of course if the component is a counterfeit component or a non-certified
component, 1ts identification data, or the lack thereof, {e.g, Fig. 1A 106, Fig 1B 156)
would reveal such a counterfeit attempt or an attempt to use a non-certified component. Even
it the unique identification data 1s replicated, a central database may be able to detect that the
same unique identification data is being detected in two ditferent substrate processing system

and/or i two geographically separate locations and to generate an appropriate alert.

{0039} If the recarved unique identification data 15 as expected, further system
mstatlation and/or power-up and/or substrate processing may be allowed to proceed {e.g., Fig.

1: 108, Fig. 1B: 158},

{00401 As another example, the ICE may include component charactenzing data
{which includes historical data describing one or more of the component usage pattern up to
date, the calthration data, the data pertaining to applications that eraploved the smart
component, and/or the like). The component characterizing data may then be queried (e.g.,
Fig. 2, 202-204) and compared against some acceptable specification data {e.g., Fig. 2: 2006).
It the comparison reveals that the smart component is no longer within specification for use
{e.g.. too old, too worn out, having been through 100 many processing cycles, out-of-date,

ged {e.g., Hagged in a database) for

Do Lok o

ete.), the smart component may be electronicatly flag
corrective action {e.g., Fig. 2: 210). Note that the acceptable specification data for the smart

component and the logic for the companson may reside with the smart component itself,

9
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which allows the smart component 1o essentially self-diagnose. Alternatively or additionally,
the acceptable specification data may restde in an external database. If the received
component characterizing data is satisfactory, further system installation and/or power-up

and/or substrate processing may be allowed to proceed (e g, Fig. 2: 208},

[0041} As mentioned, calibration data (1 e, the initial calibration data and/or the
historical calibration data logged over time) for a component may also be stored. Such
calibration data may be stored on board 10 the ICE or such calibration data may be stored in
an external database. The stored initial calibration data {which may be obtained during

a., Fig 3:302) and emiployed to facilitate calibration of the

bael

factory testing) may be queried (e.
component upon installation {e.g., Fig. 3: 304). The stored historical calibration data may be
emploved to determine if a component is likely to fail in the near future, for example. Inan
embodiment, if the historical calibration data shows significant changes recently, such a
pattern may indicate that the part 1s likely to fail in the near future. As another example, the
comparison between the current calibration value and the intial calibration value fora
component may provide information regarding the state of the component. As yet another
example, a pattern of changes in the calibration data of one component may indicate a
problem with another pari or portion of the system. By utilizing the stored calibration data,
proactive component and/or system mamtenance may be performed before the failure

actually oceurs.

0042} Generally speaking, when the quenied data from a smart component reveals
that the component should not be used, at {east two actions are available in the alternative.
Firstlv, the svstem mav be disabled such that operation with the unsuitable component is not
allowed. Second, the system may alternatively be allowed to operate {after a warning is
provided, in an embodiment) but data is logged in order to provide proof that the owner
assumed the nsk of damage since he confinued to use the system after being warned. Such
proof helps the legitimate system manufaciurer to avotd, for example, having to undenake

warranty repair work on systems that are damaged from osing ansuitable components.

{00434 The unique identifying data may also be employed during installation,
configuration, or power-up to determine whether a component or all components of the
substrate processing svstem are appropriate for use in the proposed application. Note that

wdividual components may, in 1solation, be certified and/or deemed soitable foruse ina

aiven apphication while a set of otherwise certified components installed together may

10
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conflict with one another and/or create conditions that degrade performance when employed
together for another application. By automatically querying unique identification data from
mndividual smart components {e.g., Fig. 4. 402-404) and employing such queried data in
combination with an expert database hosted with the substrate processing system or via a
network, such proactive approach may be undertaken to ensure that the substrate processing
system is properly or optimally configured for executing the proposed apphcation {e.g., Fig,

4: 406) before a single substrate is processed {e.g., Fig. 4: 408).

{6044} If one or more components are found to be unsuitable for a particular
application, a recommendation may be provided {o the system owner or operator to suggest a
change to the components and/or the process recipe, or the substrate processing system may
cause the smart components, it they have configuration capabilities, to be contigured such
that the application can be more optimally performed. Examples include causing a match
network to have a different impedance valoe, for example. In this manner, the number of
substrates wasted due to tncorrectly configured substrate processing systems s substantially

reduced.

[0045] The gbility to automatically query smart component data from smart

components may also be used to proactively maintain substrate processing systems, for

example. It an engmeer working for the substrate system manufacturer believes that a
particular batch of smart components 1s defective, he may be able to employ a computer
network to query the deploved systems (which may be spread through out a manufacturing
site or assoctated with different owners across continents} to ascertain whether they contain
such a component. If the smart components respond, the engineer may be able to proactively

request that the components be changed before system damage can occur.

{0046} The ICE may also include historical data regarding usage conditions, other
components that it 1s stalled along with 10 a system, and/or data regarding the apphcations.
The historical data may be stored with the smart component itself or may be stored in an
external data store that can be accessed using the ICE™s unique identification data as a search
kev. The data may be collected by the host computer and/or the substrate processing svstem
and downloaded into a smart component’s ICE. The data may also be collected by the probes
provided with the smart component and/or with the ICE. Data collection may be performed
at all times {at predefined or configurable intervals), or the data collection capability may be

user-configurable and may commence only when requested. The collected histonical data

il
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may be uploaded as the data is collected, or the smart component may wait until an

appropriate time {e.g., after the plasma cycle is complete or upon request) 1o upload the data.

{0847} This historical data may be emploved {0 determine whether a smart
component s or remains suitable for use in a particular system, in combination with other
components in a given system, and/or with a particolar application. The historical data may
include not only the component identification data but also its calibration data, s usage
records {e.g., number of hours in the field), and/or apphication data (e g.. since some
applications may cause a higher degree of wear refative to other applications). The historical
data is particularly useful for maintenance in that such data may allow the owner and/or
operator to be proactive in component replacement and/or cleaning and/or any other
maintenance task. In an embodiment, a replacement component can be automatically ordered
bv appropriate software-driven business logic if the historical data suggests that the
componert needs o be replaced in the near future, The fact that the historical data is
automatically collected and may be emploved to automatically trigger maintenance actions
not ondy renders proactive maintenance more feasible but may also substantially reduce the

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

{00438} In an embodiment, the historical data may be employed to project whether the
smart component is suitable for a proposed production run. Suppose a smart component s
near the end of its usefid life. Its historical data may allow an engineer to determine whether
there is sufficient useful hife remaining to undertake the proposed production run, or whether
the component should be replaced before the production run begins. Note that since the
smart component has its own historical data regarding usage conditions, usage patterns, past
applications, etc., the self-assessment of remaining usetul life may be made with a higher
degree of accuracy. In this manner, the useful life of a component is maximized.
Alternatively, the historical data may allow the system to calibrate and/or modify other
components and/or other process parameters to compensate, creating a more suitable

environment for achieving favorable process results for a given component condition.

{0049} The historical data from one or more components in a system may also allow
an engieer to more precisely ascertain the operating condition at a point in tiree 11 the past.
Such forensic reconstruction of the past may be of immense help m pin-pointing the cause of
fatlure either to the simart component which records the data or to anv other component in the

system. If an owner uses a uncertified component {e g, an wnsaitable or unapproved
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component) and such use causes a change in the operating conditions that contribute to the
fatlure, the historical data quened from the smart components may allow the owner to
pinpoint the cause of the fatlure, and/or furnish the innocent system manufacturer with
excubpatory forensic evidence to allow the manufacturer to avord having to perform unpaid
warranty work on a system that breaks due to the unauthorized use of an improper

component.

{0650} The following describes an exemplar scenario wherein smart components and
mventive componentry management techaigues substantially improve the installation,
operation, and maintenance of a substrate processing system. When mutially nstalled, the
system may query its smart components and compare the data obtained regarding both the
tdentity 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 svstem (e.g., whether the components will conflict with one another),

{6031} Once the system 1s ascertained to be properly instalied (possibly by comparing
the queried data from the smart components with data from a reference database), the queried
data from the smart components may be automatically obtained and stored (at the individuaal
smart components and/or with a centralized database) for historical record keeping so that
subsequent data sets gueried from the smart components of the system may be compared with

this listorical dataset for maintenance and/or diagnostic purposes.

{0052} At power up, the system may selfadentify and/or may query the parts for the
unique rdentifying data and any needed calibration and/or historical and/or collected
envirommental data in order to perform a self-diagnostic, and also to set any necessary
parametric variables relating to destred calibration and compensation seitings. This data may
atlow the system to detenmine whether a part 1s still within specification to perform for

example the proposed etches andfor depositions.

{0853} It the application data {e.g., recipe) is available, the ICE data from the smart
components of the syvstem may be emploved to ascertain whether the system, as a collective
whole or as a collection of parts working together, is optimally configured to perform the
proposed application. Note that the self-diagnostic test and this test for application suitability
may be performed simultaneously. The system may also perform self-test on various

mavable or active parts, such as the mass flow controllers, the RF supply systems, efc.

[0054] Note that it 2 component 15 tound to be unsuitable for use 1w the system and/or

i3
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to perform the proposed apphication, the system may be disabled to prevent it from running
and damaging itself. If the risk of damage 18 shight, the owner may be allowed 1o run the
system with the component deemed to be unsuitable but with wamings clearly given and data
togged (preferably in a form that is resistant to tampering) in order to prevent an
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.

{0055] 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 control purposes. As mentioned, this data is preferably kept in a secure manner so

that the data is resistant 1o tampering or unauthorized access

{06056} As can be appreciated from the foregoing, the invention substantially
nnproves componentry and system management with respect to the wnstallation, operation,
and maintenance of a substrate processing system. By endowing the parts of the substrate
processing svstem with unigue dentification data and preferably with uniguely identification
data that can be automatically read by a suttable transducer, the queried data may then be
employed by mventive componentry management technigues 1 order to improve installation
accuracy and to improve the likelihood that parts in the system are optimized to run the

proposed application.

{0057} The unigue wdentifying data, in combination with disclosed smart component-
based management techniques, may substantially eluminate the chance that the use of
counterteit and/or infenior substitutes goes undetected 10 a substrate processing system. The
historical data stored on the parts contributes to a reduction i fraudulent wartanty claims and
helps engineers recreate the operating conditions of any point in time in the past to more
accurately tune the substrate processing svstem and/or pinpoint the source of any failure. The
correfation between data stored on the parts with external data stores greatly expands the
usefulness of the ICE as a tool for improving substrate processing system instatiation,

operation, and mainienance.

0658} 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 invertion. For example, although the specific example 15 discussed in the context of a
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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, ete. It should also be noted that there are many alternative ways of implemeuting
the methods and apparatuses of the present invention. 1t 1s therefore intended that the
following appended claims be interpreted as including all such alterations, permutations, and

equivalents as fall within the true spirit and scope of the present ivention,

ey
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CLAIMS

What is claimed is:

1. In a substrate processing system having a set 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 obtain first calibration data, said first calibration data being obtained using one of a
first technique and a second technique, said first technique involving obtaining said
first calibration data from an ICE associated with said first component, said second
technique involving obtaining unique identifying data from said ICE and employing
said unique identifying data to obtain said first calibration data from a data store
external to said first component;

employing said first calibration data in one of installing said substrate

processing system and maintaining said substrate processing system.

2. The method of claim 1 wherein said first calibration data is employed for said
installing said substrate processing system, said first calibration data represents
calibration data that is specified for said first component upon initial installation of

said substrate processing system.

3. The method of claim 1 wherein said first calibration data is employed for said
maintaining said plasma processing system, said first calibration data representing a

set of historical calibration data values for said first component.

4. The method of claim 1 wherein said first calibration data is employed to set
parametric variablcs to optimize the process performance of said plasma processing

system.

S. The method of claim 3 wherein said maintaining includes ascertaining when

said first componcnt is to be replaced.
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6. The method of claim 3 wherein said maintaining includes ascertaining a state

of said first component.

7. The method of claim 3 wherein said maintaining includes ascertaining a
problem condition with one of said first component and another component in said

substrate processing system.

8. The method of claim 3 including electronically flagging said first component
for corrective action if said first calibration data reveals that said first component

requires maintenance.

9. The method of claim 8 wherein said corrective action includes electronically
disabling said substrate processing system to prevent said substrate processing system

from executing a substrate processing application.

10.  The method of claim 8 wherein said corrective action includes providing a
notification pertaining to a maintenance need of said first component to one of an
operator of said substrate processing system and a manufacturer of said substrate

processing system.
11. The method of claim 10 wherein said notification is sent via the Internet.

12; The method of claim 8 wherein said corrective action includes providing a
notification pertaining to a maintenance need of said first component to one of an
operator of said substrate processing system and permitting said operator to execute a
substrate processing application after said operator consents to assume a risk
associated with executing said substrate processing application in view of said

notification. .

13.  The method of claim 12 further comprising logging data evidencing said
operator consenting to assume said risk prior to permitting said operator to execute

said substrate processing application.

17
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14. The method of claim 1 wherein said substrate processing system represents a

plasma processing system.

15.  The method of claim 1 wherein said substrate processing system represents a

chemical-mechanical polish (CMP) system.

16.  The method of claim 1 wherein said substrate processing system represents
one of a chemical vapor deposition (CVD) system, a plasma-enhanced chemical vapor
deposition (PECVD) system, a physical vapor deposition (PVD) system, a rapid
thermal processing system (RTP), and a Lithography system.

17.  The method of claim 1 wherein said querying is performed upon powering up

of said substrate processing system prior to processing a substrate.

18
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