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(57) Abstract: Systems and methods are discussed for use in preventative
maintenance and repair systems for semiconductor fabrication equipment.
Each semiconductor fabrication system and its replacement components are
marked with a unique identification so they may be individually tracked and
managed. Data is associated with each fabrication system and component. A
component management terminal accesses the data to facilitate preventative
maintenance and repair of the semiconductor fabrication equipment.
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ENHANCED PREVENTATIVE MAINTERANCE UTILIZING
DIRECT PART MARKING

CROSS-REFERENCES TO RELATED APPLICATIONS
{0881} This applcation claims priority to Provisional Application No. 61/731,335, filed
November 29, 2012, titled “ENHANCED PREVENTATIVE MAINTENANCE
UTILIZING DIRECT PART MARKING”, and U.S. Non-Provisional Application No.
14/G80,704, filed November 14, 2013, titled “ENHANCED PREVENTATIVE
MAINTENANCE UTILIZING DIRECT PART MARKING” which are hereby

incorporated by reference in their entirety.

BACKGROUND

{0682} In the semiconductor fabrication industry there are a number of circumstances
upigue to this particular field that make the maintenance and repair of semiconductor
fabrication equipment a challenge. In general there is a need to minimize downtime of the
fabrication equipment as the capital costs are unusually high, thus repairs and maintenance

should be planned and brief.

[0883] Further, semiconductor fabrication equipment is aiso typically customized to cach
particular application, thus it is seldom that two pieces of equipment are bailt with identical
components. An added complication is that many semiconductor fabrication equipment
componernds may look similar to the untrained eye, however subtle differences may resubt in
the system working as designed or not working at all. These conditions may result in
maintenance technicians installing the correct component, culminating in increased

downtime of the equipment.

[0884] An added complication is that poorly trained third party vendors are often used for

general maintenance and repair to tunivize mainienance costs. Poorly trained technicians
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may have a more difficolt time recognizing subtle differences in components and may not
access the appropriate techmical guides to pevform the repair covrectly. These conditions
moay result in installation of incerrect replacement components, ot the ncorrect installation

of the correct components, culminating in increased downtime of the equipment.

{0885} There arc a number of replacoment component marking schemes that can be used
to label components so they may be identified correctly. There are also online platforms
that can be used to order components. In addition there are a number of manuals and online
resources showing components within a machine, installation processes, recipe manuals,
ctc. While these systems exist, thoy are not availablie in a mobile platform available to the
technician on-site, and they are not integrated in a serviceable way to nsure the correct
component is installed on the correct piece of equupment using the correct process.
Additionally, none of these systoms integrate a preventative maintenance program that

tracks the hife of the components so they may be replaced before catastrophie failore oocours.

SUMMARY
{80861  Mothods using direct component marking for enhanced proventative maintonance
systems and for the repair of semiconductor fabrication equipment are described. In some
embodiments a replacement component may be marked with a unique identification and
data about that component muay be associated with that vnique identification. In further
cmbodiments, a semiconductor fabrication tool may also have a unique equipment

identification and data about that tool may be associated with that vnigoe identification.

[6887] In an cmbodiment, a preventative maintenance system may be used to associate a
particular component with a particular semiconductor fabrication tool. A terminal may be
used on-site to read the equipment identification and the replacement component

identification. The terminal may retrieve associated data from a database for the component

2l
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and/or the semiconductor fabrication tool. In some embodiments the component may be
mstalled and the terminal may receive input corresponding to the usage rate of the
sericonductor fabrication tool. The terminal may generate an alert corresponding to an
upcoming maintenance regquirement associated with the component so it may be replaced

S before its predicted failure.

iB088]  In other embodiments, before the component is installed, the ternuinal may
perform a compatibility asscssment of the component and the semiconductor fabrication

tool and/or may provide information aiding in the replacement of the component.

{60897 In further embodiments, the proventative maintenance system may be used to
18 capture elecironic data from the semiconductor processing tool, provide real time access to
technical guides, service history, and/or trouble shooting tips, and provide automated

transfor of files between a service entity and a client,

10619 In some embodiments, the proventative maintenance system can provide directly
marked component tracking. This can include, for example, directly marking components
1S with umiqee component numbers and providing streambined component ordering through

the preventative mainienance systenm.

{88114 These illustrative embodiments are mentioned not to lmut or define the
disclosure, but 1o provide examples to aid understanding thercof.  Additional embodiments
are discussed in the Detailed Description, and further description is provided there,
20 Advantages offered by one or more of the various embodiments may be further understood

by examining this specification or by practicing one or more embodiments presented.

BRIEKF BDESCRIPTION OF THE FIGURES

(5]
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{6812} These and other featores, aspects, and advantages of the present disclosure are
better understood when the following Detailed Description is read with reference to the
accompanying drawings.

{80131 FIG. 1 is an example method for incoming components according to some
embodiments;

[0814] FIG. 2 is an exanmple method for a preventative maintenance process according to

some embodiments;

I8015] FiG. 3 is an example method for repair and compatibility assessment according to

somme emmbodiments;

[8016] FiG. 4 is a schomatic diagram of an embodiment of a service entity system

comnected to a client system according to some embodiments.

{08177 FIG. S is an exampie method for a preventative maintenance process according {o

somme erbodiments.

[B818] FIG. 6 is an example method for a repair and compatibility process according to

some embodiments.

[6819] In the appended figures, similar components and/or features may have the same
reference label, Further, various components of the same type may be distinguished by
following the reference label by a dash and a second label that distinguishes among the
similar componegnts, If only the first reference label is used in the specification, the
description is applicable to any one of the similar components having the same first

refercnce tabel irrespective of the second reference label

DETAILED DESCRIPTION
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{6820} The terms “invention,” “the imvention,” ““this invention” and “the present
mvention” used in this patent are intended to refer broadly to all of the subject matter of this
patent and the patent claims below.  Statements containing these terms should not be
understood to Hmit the subject matter described herein or to limit the meaning or scope of
the patent claims below. Embodiments of the invention covered by this patent are defined
by the clatms below, not this summary. This stomary is a high-level overview of various
aspects of the invention and introduces some of the concepts that are further described in the
Detailed Description section below. This summary is not mtended to identify key or
cesential features of the claimed subject matter, nor 1s it intended to be used in isolation to
determine the scope of the claimed subject matter. The subject matter should be vnderstood

by reference to the entire specification of this patent, all drawings and each claim.

{6021} Embodiments of the wvention provide for enhanced preventative maintenance
and repair of semuconductor fabrication equipment utilizing direct component marking
techniques. This can be done, for example, for semiconductor fabrication equipment where
replacement componenis are individually marked and managed. o some cmbodiments,
components in a semiconductor processing sysiem can be marked using any type of dircct
component marking process such as, but not limited to, dot peening, laser etching, electro-

chemical etching, clectro print marking, and/or ink jet printing.

106221 In some embodiments, directly marked components may aid in executing
proventative maintenance programs while in other embodiments divectly marked
components may aid in the reliable repair of semiconductor manufacturing equipment.
Directly marked components may improve the ability to track and replace components on
individual and onigue preventative maintenance schedules, tailored to cach component.
Farther, directly marked components may improve the ability to differentiate between

replacement components may look similar, but may have subtle differences that affect their
.{

o
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performance. In other embodiments, directly marked components may be used to identify a
component that may be custom mamufactured to the unique requirements of a particalar
picce of equipment. In further embodiments, divectly marked components may facilitate the
tracking of components that are initially used on a first piece of cquipment with very tight

S process controls, and after a certain amount of wear the components may be transferred to a
sccond piece of equipment with less stringent process controls. The unigue mark oo cach
component may be used in these and other scenarios to facilitaie the reliable maintenance

and repair of semiconductor fabrication cquipment.

{08231  Anincoming component process 100 for divect marking and associating data with
10 components is illustrated m FIG. |, The operations may be performed in any order. In
operation 110 the component is received. in some cmbodiments the component may be
manufactured on-site, while in other embodiments the component may be received from a
vendor. In operation 120 the component 1s marked with 2 unique component identification.
In some embodiments the component may have more than one mark while in other
crbodiments the component may have a single mark. At least one of the marks is a uniqoe
mark for that particular component. More specifically, no two components will have the
same mark so that cach component may be differentiated from others. Myriad methods may
be used to mark the component tncluding direct part marking such as, but not limited to,
dot peening, laser etehing, electro-chemical etching, electro print marking, and/or ink jet
20 prmting.  Myriad mark types can be made such as, but not lmited to, bar codes, dot codes

and RFIEYs. Marking methods and types are explained in more detail below.

{0824]  In operation 130 data may be associated with the component. n some
embodiments, the data associated with the component may inchude, but not be Emited to,
compenent part number, component serial number, component manefacturing lot number,

25 component date code, component manufacturing site, component description, designated
)
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equipment model and or serial mumber for which the component is designed, and
component parameters. In further embodiments, the associated data may be stored in a
database. The directly marked component may then be stored until it is needed forusc on a

sermiconductor fabrication system.

[0825]  In some embodiments, directly marked components may be used in g preventative
maintenance process 200, The operations may be performed i any order. In operation 210
the compounent identification may be read from the component. Tn some embodiments the
component identification may be read by a terminal at the installation site. In further
embodiments a reading method such as, but not limited to, laser reading, image capture or

other may be used as explamed in more detail below,

[B826] In operation 220 associated data for the component may be retrieved. The
associated data moay be any data assoctated with the component such as, but not imited 1o,
component description, component fabrication details, as described in more detail above. In
some embodiments, the associated data may be retrieved from a database. In operation 230,
equipment identification is read from the semiconductor fabrication system. In some
crbodiments each piece of equipment may have a unique equipment identification so it can
be distinguished from other picces of equipment. The equipment identification may be read

using myriad methods including those described herein.

{68271  In operation 240 the directly marked component 1s installed on the semiconductor
fabrication equipment and the component identification is associated with the fabrication
tool. More specifically, in some embodiments, a database may be updated so that the
system knows that a specific directly marked component is installed on a specific piece of
equipment. i operation 250 input is received corresponding to fabrication teol utilization.

In somge embodiments, the semiconductor fabrication tool directly communicates the
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utilization information. In other embodiments, the utilization information may be received
manually. In further embodiments, the utilization information may be estimated by, for
cxample, inputting the average utilization rate of the fabrication tool. In some
embodiments, the wtilization information is input into a terminal that is on the

manufacturing site and the data is communicated 1o a databasc.

[B828] In operation 260 an alert is gencrated corresponding to an gpcoming maintenance
requirement. More specifically, in some embodiments, the alert is based upon the
fabrication tool utilization cruployed in operation 250. Based upon the utilization data the
expected life of the divectly marked component may be determined and an alert sent out
before its replacement is required so that catastrophic faiture of the component may be
avoided. In some embodiments the alert may be generated remotely and comunicated 1o a
terminal that commuonicates to service personnel. In other embodiments, the alert may be
remotely generated and communicated to a database which is then in commumication with
service personnel. Tn further embodiments, a local terminal may generate the alert and

communicate with service personnel.

[0829]  In further embodiments, divectly marked components may be used to repair a
semiconductor fabrication tool with a repair and compatibility assessment process 300, The
operations may be performed in any order. In operation 310 the component identification
may be read from the dircetly marked component. In some embodiments the component
identification may be read by a terminal at the installation site. In further embodiments a
reading method such as, but not Hmited to, laser reading, image capture or other may be

used as explained in more detail below,

{0836 In operation 320 associated data for the component may be received. The

associated daia may be any data associated with the component such as, but not limited to,
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component description, component fabrication details, as described in more detaif above. In
operation 330 an equipment identification is read from the semiconductor fabrication
system. in some embodiments each picce of equipment will have a unique equipment
identification so it can be distinguished from other pieces of equipment. The equipment

identification may be read using myriad methods, including those deseribed herein.

[6831] In operation 340 a compatibility asscssment is performed. In some embodiments
the compatibility assessment is determined by comparing the associated data from the
component to the equipment identification. In some cmbodiments the compatibility
asscssment is performed on a local terminal while in other embodiments it may be
performed off-site. In further embodiments, in addition t0 a companbility assessment, aid
with installation of the compounend may be provided. In other crubodiments, the local
terminal may display a technical guide or a manual to instruct a technician in the proper

mstaliation and/or troubleshoot the systen.

[0832]  In operation 350 the directly marked component is installed on the semiconductor
fabrication cquipment and the component identification is associated with the fabrication
tool. More specifically, in some embodiments a database may be updated so that the system
knows that a specific directly marked component is installed on a specific piece of

cquipment.

{6633} FIG. 4 illustrates an embodiment of the invention that implements the use of a
firewall 402 between a client systern 405 and a scrvice eontity system 410 within a
processing system.  The processing system may appear as illustrated or may differ in
myriad respects. In this embodiment, firewall 402 is illustrated within client system 408,
however in other embodiments the firewall may exist elsewhere and in some embodiments

there may be no firewall, A data link 415 tics client system 405 to service entity system

£
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410, Data link 415 may be any data link incloding wired, wireless or a cloud system
capable of transferring data between the two systems. A service center 420 may be
associated with service entity system 410 and connect nuitiple data bases jncluding, but not

limited to, a customer specific database 425, a TechForce guide database 43{, a part

N

marking database 4385, a tool database 440, a PM database 450 and/or other databases.

18034} Client specific database 425 may inclode information about a specific client,
their processing tools, thetr service history and/or their compounent history among other
data. Techforce guide databasc 430 may siore techumical guides for any oumber of
semiconductor processing systems.  The technical guides may be used to aid i the
10 operation of the cquipment, installation of components, the repair of equipment and/or the
trouble shooting of equipment. Component marking database 435 may store and corrclate a
plurality of specific directly marked component numbers with data associated with each of
the directly marked component part numbers such as, but not limited to, the component
history, the number of cycles the component has been in use, the component part number,
15 component serial sumber, component manufacturing lot number, component date code,
component manufacturing site, component description, desigonated cquipment model and or

serial number for which the component 1s designed, and component parameters.

[B835]  Tool database 440 may include, for example, data about specific semiconductor
manufacturing equipment. In some embodiments this database mway contain drawing

20 models of the tool, a parts list, configuration information and other details regarding a
spectfic sermiconductor manufacturing tool. This database may be used in conjunction with
chient specific database 425 and any other database. A preventative maintenance database
450 may store information regarding the life expectancy of particular components, alerts for

service personnel, fe-time tracking of components installed on specific tools, graphical or

(S
e

other illustrations of preventative maintenance requirements that may be accessed by
10
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service entity 410 persommel or client sysiem 405. Other databases may be employed

without departing from the invention.

[B836] It is also understood that F1G. 4 s only a graphical ilustration of a general system
and the actual system may ditfer sigoificantly from the illustration. As an cxaople,
databases 425 through 450 may not be separate and their functions may be more or less
integrated than shown. The various data within databases 425 through 450 can be accessed
by client system 405 through service center 420. For example, client personnel may wish to
access a proventative maintenance log for a specific tool. Client personnel may access PM
database 450 and tool database 440 through service center 420,

[6837]  Service center 420 may perform the necessary communications and/or
calculations for service entity system 410 to fulfill the requests of chient system 405,

Service center 420 may also communicate via communication chaonel 455 with a service
cenier component management terminal 460, Commonication channel 455 may be any data
tnk including wired, wireless or a cloud system capable of transferring data between the
two systerns. Component management terminal 460 may be any type of electronic device
including a mobile or stationary toput/output device such as a keyboard and monitor, laptop,
tablet computer or mobile phone. Databases 425 through 450 may be accessed by

componend management terminal 460 through service center 420.

{6638 As further illustrated in FIG. 4, component management terminal 460, service
cender 420, and databases 425 through 450 may be on a different network and/or hidden
behind firowall 402 from client system 405, Firewall 402 may be used to keep the client’s
recipes and/or process from being accessed from service entity system 410 side of firewall
402, Firewall 402 may also be used to keep chient’s from accessing each other’s data within

databascs 425 through 450 or clsewhere.

i1
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{6839 On the client system 4085 side of fivewall 402, data link 415 may communicate tg
client network 465, Chent personnel may use component management terminal 470 to
conumunicate via data link 475 to scrvice entity system 410, Component mavagement
terminal 470 may be any type of clectronic device inchuding a3 mobile or stationary
tnput/output device such as a keyboard and monitor, laptop, tablet computer or mobile
phone. In some embodiments, client’s fabrication tool 480 may communicate through client
network 465 to service entity sysiem 410, In other cmbodimenis, client personnel may
operate a preveniative maintenance system on component management terminal 470 for
fabrication tool 48(. The preventative maintenance system can be loaded with all the
necessary data from databases 425 through 450, In particular, this data can be up to date
component life cxpectancy, equipment configuration, and other information that is specific

to that client’s fabrication tools.

{88401 Some embodiments of the invention include a mobile preventative maintenance
tool as a component management terminal 470, As an example, a mobile preventative
mainicnance tool can scan component vumbers from the customer’s processing teol while
in a clean room. Various data about the scanned component can pulied from the component
management tool’s memory or from databases 425 thvough 450, Using this data, the
proventative maintenance tool can provide data about the compouvent, fabrication tool,
recipes, processes, technical guides and other associated information required to properly
service the equipment. In this way, analysis and diagnosis of fabrication equipment can
occur within the semiconductor fabrication environment, In some embodiments, the
scanner may be separate from the component management ferminal 470 and may be
wirelessly coupled with or wired to the component mapagement torminal. A mobile
preventative maintenance tool may inchude secure wireless connectivity that can include
Wik, 4G, 3G, Bluetooth, or other protocols.

12
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G041} In some embodiments, a preventative maintenance tool can maintain a log of the
various components used within a specific semiconductor processing tool at a specific
customaer tocation. This log can include the components in use within the specific tool, the
amount of time each component has been in use, the number of processing cycles the
component has been used within the semiconductor processing tool, project name or
wdentificr, listing of components used within the processing tool, recipes, the representative
that scrviced the semiconductor processing tool the last time it was serviced and the date of
the last service among other mformation. The log can be stored on the specific
preventative maintenance tool and/or on a secure server that can be accessed by the
componerd management tool.  In some embodimerds the secure server may oxist within
service cntity system 410 while in other embodiments it may exist within chent system 405.
Muoreover, the cyele data in the log can indicate the nomber of cycles the various
components were used for various process such as processing ceramic, quartz, metal or
other. The log may also indicate the number of cycles the component was used with
specific chemicals or plasmas and/or at specific high or low temperaturcs, among other

information.

{6842} In some embodiments of the invention the preventative mainfenance system can
include a touch-type fablet computer, which may inchude an optical camera, software that
runs on the tablet, and/or an RFID fob. The software may perform any process, methaod,
step or operation described herein. The RFID fob can be used to scan RFID tagged
chambers, tools or components and/or can relay data to the tablet. The RFID fob can be
wired or wirclessly (e.g., Bluetcoth®) coupled with the tablet.  In some embodiments the
tablet can be used without RFID; the barcode can be used in its place in cvent that RFID

fob ceases to function and/or becomes lost.
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{8043} In some cmbodiments, the preventative maintenance system can provide for
enhanced kitting. This can include, configurable local kitting with integrated components
data. This may cnable reliability tracking and TKM data tracking.  The proventative
maintenance system may further provide preventative maintenance scheduling with
integrated components data, component relisbility tracking and reporting, as well as

predictive component tracking.

Methods of Making and Reading Direct Component Markings

[0844] Various methods of direct component marking techniques may be used on
components. Dot Peening s one example of g divect component marking techoigue. Dot
peening can be achieved by pneuamatically or clectromechanically striking a carbide- or
diamond-tipped stylus against the surface of the material being marked. Reading sohitions
utilize hghting techniques to create contrast between the indentations forming the modules

of the symbol and the surface of the component. Therefore, the guality of the indented dois

can be very important to the readability of the code.

{804 5] Laser marking is ancther example of a direct component marking technigue.
This technique applics heat to the surface of a component that causcs the surface of the
component to melt, vaporize or change in some way in order o produce a mark. The
resulting quality of the mark depends upon the interaction of the laser with the material it is
marking. A laser can produce both vound and square modules; typically, the laser is used to
produce a square module and continvous finder pattern for higher density (large data
capacity) codes. The laser marking process can offer high speed, consistency, and high
precision. Laser marking is widely used in the semiconductor, electronmics, and medical

device industries.

14
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[B0d6] Electro-chemical etching {(ECE) is another example of a direct component
marking technique. This is a process whereby a mark is produced from oxidation of metal
from the surface being marked through a stencil impression. This is achieved by
sandwiching a stencil between the surface being marked and an clectrolyie soaked pad, and
passing a low voltage current between the two. ECE 15 recommended for round surfaces and
for stress-sensitive components. ECE is used for marking certain components of jet engines,

automobiles, and medical devices.

{047} Ink-jet printers is yet another example of a direct component marking technique.
Precisely propelled ink drops impinge the component surface, after which the carrier fluid
that makes up a portion of the ik dot evaporates, leaving a colored die on the surface of the
componerd creating the pattern of modules that make up the mark. The application of ink-
jet marking may require preparation of the component surface, as it is the chemical
interaction of the ink to the swrface of the component that determines the level of mark
permanence and contrast. Ink-jet marking provides fast marking of moving components,

and offers very good contrast,

0048} Myriad other methods of marking components may be used without departing
from the invention. In other embodiments, for example, labels or tags may be affixed to
components.  In further embodiments an RFID tag or other device may be affixed to a

CoOmponend.

10849]  The direct marking of compouents may be performed in myriad ways without
departing from the invention. In some embodiments & barcode may be used to directly
mark the components. A barcode is an optical representation of data. In some embodiments
barcodes systematically represent data by varying the widths and spacings of parallel lines,

and may be referred fo as lincar or one-dimensional (1D3). To other embodiments two-



WO 2014/085122 PCT/US2013/070548

dimensional (2D) barcodes may be used that include rectangles, dots, hexagons and other
geometric patterns. [n further embodiments an RFID may be affixed to the component.

Other methods of marking may be used without departing from the invention.

108658]  Myriad methods may be employed to read the marks on directly marked
S  components without departing from the invention. In some embodiments a laser or light
may be used. In other embodiments an image of the mark may be captured and digitally

analyzed. To other embodiments an RF signal may be used to access data from an RFID tag.

Implementation on a Computing Device

[0881]  FIG. § depicts a simplified flowchart 500 illustrating a general method for

10 component management ferminal 470 {see FIG. 4) to perform a preventative maintcnance
process for a semiconductor fabrication system.  The processing depicted in FIG. 5 may be
mplemented in software (¢.g., code, Instructions, program) executed by one or more
processors, in hardware, or combinations thereof. The sottware may be stored on a non-
transttory computer-readable storage medium {c.g., stored on a3 memory device). The

1§ particular series of processing steps depicted in FIG. § is not intended to be limiting, In
some embodimenis a computing system such as, but not imited 1o, the systom iHustrated in

FiGG. 4 may be employed.

[0852]  As depicted in FIG. §, the method may be initiated at operation 510 upon receiving
a component for the repair or maintenance of a semiconductor fabrication tool. Component
20 management terminal 470 may receive a component identification. In some embodiments,
the component identification may be read by a sensor that transfors information to
component management terminal 470, In further embodiments a reading method such as,
but not hmited to, laser reading, image capture or other may be used as explained in more
detail herein. At operation 520 compounent management terouinal may retriove associated

16
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data for the component. In some embodiments, retrieval of the associated data may be
performed in response to receiving the component identification in operation 510. The
associated data may be any data associated with the component such as, but not limited to,
component description, component fabrication details, as described in more detail herein.

In some embodiments, the associated data may be retrieved from one or move databases.

[6883] In operation 530 component management terminal may receive an equipment
wdentification associated with the semiconductor fabrication systom. In some embodiments
cach semiconductor fabrication system may have a unique equipment identification so it can
be distinguished from other picces of equipment. In some embodiments, the equipment
identification may be read by a sensor that transfers information to component management
termoinal 470, In further embodiments a reading method such as, but not limited to, laser

reading, image capture or other may be used as explained in more detail herein,

{08584] In operation 540 the component identification may be associated with the
equipment identification and one or more databases updated. More specifically, in some
crubediments, one or more databases may be updated so that the computing system knows
that a specific directly marked component is installed on a specific piece of equipment. In
firther embodiments, the association may be performed in response to receiving the
cquipment dentification or receiving the component identification n operations 530 and
510, respectively. Component management terminal 470 may perform the updating
operation, or the operation may be performed remotely. In some embodiments, component
management terminal 470 may indicate that the association has taken place, while in other
crubodiments a user may interact with the component management termainal to exccute the

association.
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[68535] In operation 550 input 1s recetved corresponding to fabrication tool tilization. In
some embodiments, the semiconductor fabrication tool divectly communicates the
gtilization information to the computing system. In other cmbodiments, the uiilization
information may be received manually. In some embodiments the wtilization information
S may be manually entered into component management terminal 470, In further
crubodiments, the utilization information may be estimated by, for example, fnputting the
average utilization rate of the fabrication tool. In some embodiments, the utilization
mformation is input into a terminal that is on the manufacturing site and the data is

contmunicated 10 one or more databases.

10 [B986] In operation 560 the fabrication tool utilization information is analyzed and
compared fo the useful life of the component. In some embodiments the analysis may be
performed in response to receiving tnput corresponding to fabrication tool utilization in
operation 350. In other embodiments the analysis may be performed on a routine and
repetitive basis or in response {0 a request. Fo further cmbodiments the useful fife of the
component may be exiracted from one or more databases. In one embodiment the useful
life s retrieved from 8 component marking database having data associated with the
componerd. In further erobodiments the computing system determinges an cstimated time
when the fabrication tool utilization will be equivalent {o the estimated useful fife of the

component.

20 [86857] In operation 565 a determination is made based on the analyses performed in
operation 360, In some embodiments, the determination may be performed in response to
the analysis performed in operation 560. In further embodiments, the determination may be
based upon the fabrication tool utilization received in opeoration 550, Thus, in some
embodiments, the expected hife of the directly marked component may be determined to

25 be within a predeterovned peried of time based upon the utilization data, and replacemerd of
I8



WO 2014/085122 PCT/US2013/070548

10

the component may be required so that catastrophic failure of the component may be
avoided. Theretore, if certain parameters are met, for example, that an upcoming
maintenance requirement is within a certain predetermined time period, the system may
proceed to operation S7{ to send an alert. However, 1f cortain parameters are not met, the

system may not proceed to step 574,

[0888] In operation 570 an alert may be generated by the computing system
corresponding t¢ an upcoming maintenance requireruend comresponding to the end of the
usctil life of the component. In some embodiments the alert may be generated remoiely
and conumunicated to component management terminal 470 that commmicates to service
personnel. In further embodiments the alert may be generated m response to performing the
analysis in operation 560, In other embodiments, the alert may be remetely gonerated and
communicated to a database which is then in commumnication with service personnel. In
further emboediments, 4 local terminal may generate the alert and communicate with service

persomnel.

[0859]  FIG. 6 depicts a simplified flowchart 600 illustrating a general method for
component management terminal 470 (see FIG. 4) to perform a repair and compatibility
asscssment process for a semicondoctor fabrication system.  The processing depicted in
FI1G. 6 may be implemented in software (e.g., code, instructions, program} executed by one
O MOTe Processors, in hardware, or combinations thercof, The software may be stored ona
non-transitory computer-readable storage medium (e.g., stored on a8 memory deviee). The
particular series of processing steps depicted in FIG. 6 s not intended to be imiting. In
some embodiments a computing system such as, but not imited to, the system iHusirated n

FIG. 4 may be employed.
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[0868]  As depicted in FIG. 6, the method may be initiated at operation 610 upon receiving
a component for the repair or maintenance of a semiconductor fabrication tool. In one
cmbediment, component management terminal 470 may receive a component identification.
In some embodiments, the component identification may be read by a sensor that transfers
S nformation to component management terminal 470, In funther embodiments a reading
method such as, but not hmited to, laser reading, image capture or other may be used as
explained in move detail herein. At operation 620 component management torminal may
retrieve associated data for the component. In some embodiments, retrieval of the
associated data meay be performaed i respounse to receiving the component identification in
10 operation 610. The asscciated data may be any data associated with the component soch as,
but not limited to, component description, component fabrication details, as described in
more detail herein, In some embodiments, the associated data may be retrieved from one or

more databases,

{80611 In operation 630 component management terminal may receive an equipment
identification associated with the semiconducior fabrication system. In some embodiments
cach semiconductor fabrication system may have a uniqoe cquipment identification so it can
be distinguished from other picces of equiprent. [n some embodiments, the equipment
identification may be read by a sensor that transfers information to component management
terminal 47, In further embodiments a reading method such as, but not limited to, laser

§  reading, image capture or other may be used as explained in move detail herein.

[0862] In operation 640 a determination 15 made as to whether the component is
compatible with the equipment. A compatibility assessment may be performed by the
computing system. In some embodiments the assessment may be performed in response to
receiving the component identification or receiving the equipment identification performed

25 in operations 610 and 630, respectively. In one embodiment data associated with the
20
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component identification is compared to data associated with the eqoipment identification.
The data may be retrieved from one or more databases and/or input by a user.
Compatibility analyses may be based on any component and equipment data including that
mentioned herein. 1f the component is determined to be compatible with the equipment the
system proceeds to operation 650, However, if the component is determined to be

meompatible with the equipment, the system proceeds to operation 660,

[0863]  In operation 630 the component identification may be associated with the
equipment identification and one or morc databases updated. More specifically, in some
embediments, one or more databases may be updated so that the compoting system knows
that a specific divectly marked component is instalied on a specific piece of equipment. In
other embodiments, the association may be performed inresponse to the assessmend
performed in operation 640. In further embodiments, only after the component is
determined to be compatible with the equipment will the association within the database
take place. Component management terovonal 470 may perform the updating operation, or
the operation may be performed remotely. In some embodiments, component management
terminal may indicate that the association has taken place, while in other embodiments a

user roay nteract with the component management terorinal 0 execuie the association.

[B864] In operation 660 an incompatibility alert is gencrated. In some embodiments the
alert may be generated remotely and commumicated to component management torminal
476 that commumicates to service personmel. In other embodiments, the alert may be
remotely generated and communicated to a database which is then in commumication with
service personnel. Tn further embodiments, a local terminal may generate the alert and

commmnunicate with service personnel.

Advantages

21
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{8065} Embodiments of the invention can provide a number of advantages. One
advantage may be an all-in-one user interface for semiconductor fabrication tool service that
minimizes the risk of installation of the incorrect component ov incorrectly installing
components. Another advantage is that customers may be able to effectively and accurately
track component usage/tife within their tools/chambers to the point that maintenance can be
scheduled on a predictive and timely basis versus purely on calendar basis which may occur

when components do not necessarily have to be replaced and/or when a tool goes down.

[066] Amnother advantage is that components with direct marking can aliow for instant
identification of chamber components via optical camera interface on tablet. Component
mformation such as serial number, component number, and/or descriptions can be instantly
available to the component management tool. This can help avoid the possibility of using
incorrect components on a specific fabrication tool In some embodiments, the tablet may
maintain a database of components used on a specific fabrication tool, which can be

synchronized to a central database.

{80671 Another advantage includes having pictures of cach chamber component
available t0 service porsonnel on the screen of the componcnt management tool, The
picture of a component can be accessed based on the component number and/or on the
location of the component within the tool. This can fimther verify identity of desired
component being iostalled.

1h668] Another advantage can joclude having techmical guides pre-loaded on the
component management tool or readily accessible. These guides can be accessed by the
preventative maintenance tool user and may be used, for example, when a gquestion of

mstallation and/or best known method arises. With the technical guide loaded on the
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component management tool, there should be no need to seek a PC station or stop work to

ook up a procedure.

[B869] Anocther advantage meludes a lower cost of fabrication tool ownership due 1o
properly maintained fabrication tools and/or good condition components being uwtilized
versus worn snd/or incorrect componenis that can poientially cause tool to malfunction or
g down. Fabrication tool owners that utilize a service organization using the preventative

maintenance toel should be able to maximize tool uptime and/or full cormponent wtilization.

[0876] The subject matter of embodiments of the present invention is described here
with specificity to meet statutory requirements, but this description is not necessarily
intended to Hmit the scope of the claims. The claimed subject matter may be embodied in
other ways, may include different clements or steps, and may be used in conjunction with
other existing or futare technoelogies. This description should not be interpreted as implying
any particolar order or arrangement among or between various steps or elements excopt

when the order of individual steps or arrangement of elements is explicitly described.

{66711 Different arrangements of the components depicted in the drawings or described
above, as well as components and steps not shown or described are possible.  Similarly,
some features and sub combinations are uscful and may be emploved without reference to
other featurcs and sub combinations. Embodiments of the invention bave been described
for illostrative and not restrictive purposes, and alternative embodiments will become
apparent to readers of this patent.  Accordingly, the preseunt invention 15 not linited to the
cmbodiments described above or depicted in the drawings, and various cmbodiments and

modifications can be made without departing from the scope of the claims below.

{80721 A computational system can be used to perform any of the embodiments of the

mvention. For example, the computational system can be used to execute methods and/or
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processes that utilize directly marked components. As another example, the computational
system can be wsed perform any calculation, identification and/or determination deseribed
here.  The computational system includes hardware elements that can be clectrically
coupled via a bus (or may otherwise be in comumumication, as appropriate). The hardware
elements can incluode one or mwore processors, including without Hmitation one or more
general-purpose processors and/or one or more special-purpose processors (such as digital
signal processing chips, graphics acceleration chips, and/or the like); one or more input
devices, which can include without Hmitation a mouse, a keyboard and/or the Hke; and one
or more output devices, which can include without Hmitation a display device, a printer

and/or the bke.

16073] The computational systern may further include (and/or be in conununication
with) one or mwore siorage devices, which can include, without limitation, local and/or
network aceessible storage and/or can inchude, without limitation, a disk drive, a drive array,
an optical storage device, a solid-state storage device, such as a random access memory
(“RAM™) and/or a read-only memory (“ROM™), which can be programmable, flash-
updateable and/or the like. The computational system might also include s communications
subsystem, which can inclade without Iimitation a modem, a network card (wireless or
wired), an infrared convnunication device, a wireless communication device and/or chipset
{such as a Bluetooth device, an 802.6 device, a WiFi device, a WiMax device, cellular
communication facilities, ete.), and/or the like. The communications subsystem may permit
data to be exchanged with a network (such as the network described below, to name one
example), and/or any other devices described heremn.  In many embodiments, the
computational system will further include 8 working memory, which can include a RAM or

ROM device, as described above,
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{8374} The computational system alse can include software clements, including an
operating system and/or other code, such as one or more application programs, which may
nclude computer programs of the invention, and/or may be designed to implement methods
of the imvention and/or configure systoms of the invention, as described herein.  For
example, one or more procedures described with respect to the method(s) discussed above
might be implemented as code and/or instructions executable by a computer (and/or 2
processor within a computer). A set of these instructions and/or codes might be stored on a

computer-readable storage medium, such as the storage device(s) described above.

{8475} In some cases, the storage mediom might be mcorporated within the
computational system or in communication with the computational system.  In other
embodiments, the storage mediom might be separate from a computational systeom (e.g., a
removable meodium, such as a compact disc, gic.), and/or provided in an installation
package, such that the storage medium can be used to program a general purpose computer
with the instructions/code stored thereon. These instructions might take the form of
executable code, which is executable by the computational system and/or might take the
form of source and/or instaliable code, which, upon compilation and/or installation on the
computational system {e.g., using any of a variety of generally available compilers,
installation programs, compression/decompression utilities, cte.y then takes the form of

executable code.

16076} Numerous specific details are set forth herein o provide a thorough
understanding of the claimed subject matier. However, those skilled in the art will
understand that the claimed subject matter may be practiced without these specific details.
In other nstances, methods, apparatuses or systems that would be known by one of ordinary

skill have not been described in detail so as not to obscure claimed subject matter.
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{84771 Some portions are presented in terms of algorithms or symbolic representations
of operations on data bits or binary digital signals stored within a computing system
mermory, such as a computer memory. These algovithoc descriptions or represeniations are
exarples of techniques used by those of ordinary skill in the data processing arts to convey
the substance of their work to others skilled in the art.  Aun algorithm is a self-consistent
soquence of operations or similar processing leading to a desired result.  In this context,
operations or processing involves physical manipulation of physical quantitics. Typically,
although not necessarily, such quantities may take the form of electrical or magnetic signals
capable of being stored, transterred, combined, compared or otherwise manipulated. [t has
proven convenient at times, principally for reasons of common usage, to refer to such
signals as bits, dats, values, clements, symbols, characters, terms, numbers, numerals or the
like. It should be understood, however, that all of these and similar terms are to be
associated with appropriate physical quantities and are merely convendent labels. Unless
specifically stated otherwise, it is appreciated that throughout this specification discussions
utilizing terms such as “processing,” “computing,” “calcelating,” “detormining,” and
“identifying” or the like refer to actions or processes of a computing device, such as one or
more computers or a similar electronic computing device or devices, that manipulate or
transform data represented as physical electronic or magoetic quantities within memories,
registers, or other information storage devices, transmission devices, or display devices of

the computing platform.

[0878] The system or systems discussed herein are not Hmited to any particolar
hardware architectire or configuration. A computing device can include smy suitable
arrangement of components that provides a result conditioned on one or more inputs.
Suitable computing devices inclode multipurpose microprocessor-based computer systems
accessing stored software that programs or configures the computing system from a general
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purpose computing apparatus to a specialized computing apparatus implementing one or
more embodiments of the present subject matter.  Any suitable programming, scripting, or
other type of language or combinations of languages may be used to imploment the
tcachings contained hercin in software o be used in programming or configuring a

computing device.

{66791 Embodiments of the methods disclosed herein may be performed in the
operation of such computing devices. The order of the blocks presented in the examples
above can be varied—for example, blocks can be re-ordered, combined, and/or broken inio

soab-blocks. Certain blocks or processes can be performed in parallel

[B080] The use of “adapted 107 or “configured to” hersin is meant as open and inclusive
language that does not foreclose devices adapted to or configured to perform additional
tasks or steps. Additionally, the use of “based on” is meant to be open and inclusive, in that
a process, step, calculation, or other action “based on” one or more recited conditions or
values may, in practice, be based on additional conditions or values beyond those recited.
Headings, Hists, and numbering included herein are for ease of explanation only and are not

meant {0 be limiting.

{0081} While the present subject matter has been described in detail with respect o
specific embodiments thereof, it will be appreciated that those skilled in the art, upon
attaining an understanding of the foregoing, may readily produce alterations to, variations
of, and equivalents to such cmbodiments. Accordingly, it should be understood that the
prosent disclosure has been presented for purposes of example rather than Hmitation, and
does not prechude inclusion of such modifications, variations and/or additions to the present

subject matter as would be readily apparent to one of ordmary skill in the art.
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CLAIMS
That which is claimed:
i A method {or managing preventative maintenance periods for

sermiconductor manufacturing equipment, the method comprising:

receiving, from a first sensor in communication with a processing system, a
component identification from a component;

retrieving, using the processing system, associated data from a database for
the component;

receiving, from a second sensor in comumnication with the processing
systern, an equipment identification from the semiconductor fabrication equipment;

associating, using the processing system, the component identification with
the equipment identification within a database;

receiving iuput into the processing system, the foput corresponding to &
usage rate of the semiconductor fabrication equipment;

analyzing, with the processing system, the usage rate of the semiconductor

fabrication cquipment and a useful life of the component; and

determining, with the processing system, it an alert corresponding to an

upcoming maintenance requirement shoold be generated based upon the analyzing.

2. The method of claim 1 wherein the first and the second sensor are the

Same SCnsor.

3. The method of claim 1 wherein the receiving input into the
processing system comprises receiving data directly from the semiconductor fabrication

cquipment.

4, The method of claim 1 wherein the first sensor is in comnunication

with a component management terminal.

L

The method of claim 4 wherein the first sensor is an image capture

device.
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5. The method of claim 1 wherein the analyzing comprises determining
a replacement date for the component based on the usage rate of the semiconductor

fabrication equipment.

7. The method of claim | wherein the determining comprises comparing

an estimated replacement date for the component to a predetermined time period.
5. The method of claim ¥ wherein the alert comprises an email.

9. The method of claim I wherein the alert comprises an audible or

visible indication.

10, A pon-transitory computer-readable storage medium storing a
plurality of instructions for controlling a processor, the plurality of instructions comprising:

stractions that cause the processor to receive 2 component identification
from a first sensor;

fnstructions that cause the processor o retricve associated data froma
database for the component;

instructions that cause the processor to receive an equipment identification
from a second sensor;

instroctions that cause the processor to associate the component
identification with the equipment identification within a databasg;

matructions that cause the processor to reccive input corresponding to a
usage rate of the cquipmont;

mstructions that cause the processor to analyze the usage rate of the
equipment and a usetul hife of the component;

instroctions that cause the processor to determine if an alert corresponding to
an upcoming maintenance requirement should be generated based upon the analyzing; and

instructions that cause the processor to generate an alert in response to the
analyzing, the alert corresponding to an upcoming maintenance requirement associated with

the component.

1. A system for managing preveniative maintenance periods for
semiconductor manufacturing equipment, the system comprising:
a memory storing a plurality of tnstructions; and
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a processor coupled to the memory, the processor configured to execute the
plurality of instructions to:

receive, from a first sensor, a component identification from a component;

retrieve associated data from a database for the component;

receive, from a second sensor, an equipment identification from the
semiconductor fabrication equipment;

associate the component wdentification with the equipment identification
within a database;

receive input corresponding to a usage raie of the semiconductor fabrication
cquipmnicnt;

analyze the usage rate of the semiconductor fabrication equipment and a
usefud life of the component; and

determine if an alert corresponding to an upcoming maintenance requirement

should be generated based upon the analyzing.

12. A systern for checking the compatibility of compoenents and tracking
components installed on a semiconductor manufachuring equipment, the system comprising:

a memory storing a plurality of instructions; and

a processor coupled to the memory, the processor configured to execute the
plurality of instructions fo:

receive, from a first sensor, a component identification from a divectly
marked component;

retrieve associated data for the component from a database;

receive, from a second sensor, an equipment identification from the
sermiconductor fabrication equipment;

determine compatibility of the component and the semiconductor fabrication
cquipment; and

assoctate the component with the semiconductor fabrication equipment if the

component is compatible with the semiconductor fabrication equipment.

13. The system of claim 12 further comprising initiating a preventative

maintenance program after the associating.
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I 4. The system of claim 13 wherein the preventative maintenance
2 program generates an alert corresponding {0 an upcoming maintenance requirement
3 associated with the component.
i 15. The systom of clainm 12 wherein the first sensor 18 mtegrated in a
2 component management terminal.
1 16. The system of claim 12 wherein the first sensor 18 an image capture
2 device.
i 17. The system of claim 12 wherein a component managerent ferminal
2 commuonicates the component identification through a firewall to a database.
1 18, The system of claim 17 wherein the component management terminal
2 comprises a wireless tablet.
I 19, The system of claim 12 wherein the sccond sensor comprises an
2 RFID system,
1 2. The system of claim 12 wherein after the determining compatibility, a
2 component management terminal notifies a technician whether or not the component is
3 couwpatible with the semiconductor fabrication cquipment.
i
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