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METHODS AND APPARATUS FOR INTEGRATING AND
CONTROLLING A PLASMA PROCESSING SYSTEM

BACKGROUND OF THE INVENTION

[0006] Plasma processing systems have long emploved to process wafers into end
electronic products. In a typical plasma system, there typically exists a front end, also
known as an Equipment Front End Meodule (EFEM). The front end module typically
represents the module designed to receive wafers from a storage location or g buffer
focation and to factlitate loading of the wafers into one or more load locks to be

eventually loaded inte one or more processing chambers,

10007) Generally speaking, the load locks represent the interface between the outside
atmospheric environment and the m-chamber processing environment in which
parameters {e.g., pressure, gas flow, REF power, RF bias, etc.} are carefully controlled
accordance with the processing recipe.

{0008} With reference to Fig. 1, for example, there is shown an exanple plasma
processing system 100, mcluding a front end module 104, a phurality of load tocks 106A
- 106D, and a plurality of processing modules 110A - 110F, Front end module 104,
representing the aforementioned EFEM in this example, may mterface with one or more
load locks for receiving wafers, which may be sent to front end module 104 i a batch or
one wafer at a time from a storage or buffer location. Front end module 104 may include
hardware and logic for interfacing between the human user and/or host computer and the
load locks, for example. Front end module 104 may also include hardware and software

for transferring wafers between storage/buffer locations and the load locks to facilitate

processing by the process modules or chambers.

10009) Wafers 102 represent production wafers (i.e., wafers to be processed into the
desired end products) in the example of Fig. 1. There may also exist mamtenance wafers
108, representing waters emploved for chamber maintenance/clean purposes. For
example, specialized wafers may be used to season the chamber or to prepare the

chamber or to clean the chamber. Mamtenance wafers 108 may be stored in a dedicated
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location, and a maintenance water may be emploved once or multiple times before the

end of its lifetime.

{000107  Front end module 104 recetves one or more of waters 102 or 108 (typically
but not necessarily a single wafer at a time for a capacitively coupled plasina processing
systeny) and loads the wafer into one of load locks 106A -~ 106D, From one of load locks
100A - 106D, the wafer 1s then transported into one of processing chambers or processing
modules (PM) 110A — 100H for processing. The fransportation of wafers into load locks
TO6A — 106D and from one of load locks 106A - 106D into one of PM’s 110A - 100H
{as well as the unloading thevefrom) may be accomplished using a suitable transport

mechanism such as a robot arm, for example,

{000111  For various reasons, incloding economic and non-economic reasons,
customers of semconductor processing equipment maoufactarers have atteropted to
acquire the front end module independently from the rest of the semiconductor
processing system, such as mdependently from the back end that includes one or more
processing modules or processing chambers. Customers may be motivated to save cost
by buying a cormmodity front end and developing software apphications to suit their own
needs, Furthermore, customers may have a desire to develop and retain in-house
expertise pertanng to front end operation.  Still further, customers may have proprietary
mformation pertaining to the recipes and/or the wafers, and they may wish to keep such
proprietary information confidential even from the seniconductor equipment
manufacturers (such as back end equupment manufacturers). As such, there has been a
push from customers 1o require semiconductor equipment manufacturers to provide the
back end mndependently and to provide an appropriate interface for the back end to work

with the customer’s front end.

1000121 In one example approach, the customer desires to push water iformation,
mcloding wafer data, recipe data, and any configuration mformation from the front end to
the back end to dictate when and how wafers are processed by the back end. In
accordance with this methodology, front end module 104 of Fig. 1 acts as the master or

the host client, and each of back end chambers HHOA - 110F acts as a slave or the host

3
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server. The host server {or slave) provides service in response to mstructions from the

front end (or master).

{00013]  In accordance with this push methodology, the role of back end chambers
110A - TIOF 15 to receive wafers, wafer data, recipe data, and configuration data from
front end module 104, to load the wafers into the chambers when the wafers are pushed
to the back end by the frout end, and to execute the recipe to process the wafers. While

this methodology

1s capable of achieving the customer’s desired goal of modulanizing the
tfront end from the back end and of permitting the customer to acquire and customize a

commedity front end to thewr own specifications, there are disadvaniages.

[000141  For example, a tremendous amount of intelligence and data capabilities have
been built into the back end over the last few years to enable the tool to achieve just-in-
tume loading of specific wafers into specific load locks and/or specific chambers, to
perform vartous chamber readiness tasks, to schedule system auto-clean/auto-
maintenance {with or withouot the use of a maintenance waler), and to actually perform
such avto-clean/anto-maintenance tasks when needed. These and other capabilities allow
the overall tool 1o operate more reliably and efficiently, and to improve yield and optput

while minimizing the cost of ownership,

f00015)  To further elaborate on one aspect of the back end imtelligence and data
capabilities, some back end may be endowed with logic and data gathering capabilities to
enable the back end to analyze data obtained from intelligent sensors, consumable parts
states, auto~-clean/auto~-manttenance schedule, andfor other historical and/or statistical
analysis, and/or the like, to implement the just-in-time transportation of wafers to/ffrom
the oad locks and toffrom the chambers. Proper just-in-time delivery ensures that wafers

from the front end are not antimely delivered to the load locks or chambers.

[00016]  For example, untimely delivery of wafers to the load locks represents
metticient puilization of foad lock resowrce if a delivered wafer must sit in a load lock to
wait for chamber availability. If the chamber is not ready to receive a particular wafer
because it still needs time to prepare itself (such as performing temperature or pressure
stabilization or to perform auto-maintenance/auto-clean). for example, the fact that the

wafer is already loaded into a load lock means that such load lock is now methiciently

[y
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used and must rematn idle ynail the wafer can be unloaded from that load lock into the

chamber.

{00017]  This 1s a particularly acute problem in a multi-job environment where there
are fower load locks than there are process modules and load fock avalability s at a
premium. The problem is made even more acute when certain load locks are usable only
for certain waters andfor certain processing modules. This is because in some cases, for
example, a load lock emploved for loading and unloading production etch wafers may be
deemed to have been contaminated with eich byproducts, thereby rendering such a load
lock incompatible for loading/anloading a mamtenance wafer. As another example, a
load lock emploved for loading and unloading production eich wafers may need to be ata
specitic temperature. As such, other load locks ot stabilized at the required teraperatare

may not be used to loadfunload these specific production etch wafers.

{00018}  One possible solution is for back end equipment manufacturers to share data
with front end developers to enable the front end developers to more efficiently integrate
the front end with the back end. In wany cases, however, it is not possible or desirable
for a back end equiprent manufacturer to share the back end mtelligence and data
capabilities with front end developers due to intellectual property concerns, misuse
concemns, and integration complexity concerns. For example, back end manufacturers
may be reluctant to share the know-how required to evaluate the chamber readiness
condition, to evaluate the chamber’s need for auto-clean and/or asto-mamntenance, anddor
to timplement other back end capabilities since sucl intelligence and data capabilities tend
o be highly proprietary and may represent g significant competitive advantage to be

protected from public disclosure.

100019} Even if back end equipment manufacturers wish to share this back end
wtelligence and data capabilities with fromt end developers, the integration of such back
end inteligence and data into the front end {e.g., for scheduling purposes) wouldd render
the customization of the front end extremely complex and mav require front end
developers to acquire a level of expertise tvpically not possessed by scientists and
engineers who are not familiar with the development of back ead technologies. Such an

approach would render the integration task unduly time cousuming and expensive.
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BRIEF DESCRIPTION OF THE DRAWINGS

[00020]  The present invention is llustrated by way of example, and not by way of
linitation, in the figures of the accompanving drawings and in wihich like reference
numerals refer to similar elements and in which:

{00021]  Fig 1 illustrates an example plasma processing system to facilitate discussion,
{00022] Fig. 2A shows, m accordance with an embodunent of the mvention, an
example flowchart for implementing the purely pull methodology.

(000231 1
AofFig. 2A.

dg. 2B illustrates, in accordance with an embodiment of the invention, branch

j00024]  Fig. 2C illustrates, m accordance with an embodiment of the invention, branch
B of Fig. 2A.

f00025] Fig 2D illusirates, in accordance with an embodiment of the invention, branch

Cof Fig. 2A.

[00026]  Fig. 3A illustrates, in accordance with an embodiment of the invention, back
end code running in the background to ascertain whether the master or the slave mode
should be executed by the back end.

1000271 Fig 3B shows, m accordance with an embodiment of the invention, the steps
involved when the back end acts in the slave mede.

[000281  Fig. 3C illustrates, in accordance with an embodiment of the mvention, the
steps involved when the back end assumes master control to perform any necessary anto-

matntenancefauto-clean.

DETAILED DESCRIPTION OF EMBODIMENTS

[00029]  The present invention will now be described in detail with reference to a few

embodiments thereof as ilastrated in the accompanying drawings. In the following
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description, numerous specific detatls are set forth in order o provide a thorough
understanding of the present mvention. {t will be apparent, however, 1o one skilled in the
art, that the present invention may be practiced without some or all of these specific
detatls. In other mstances, well known process steps and/or structares have not been

described in detail in order to not unnecessartly obscure the present tnvention.

{00030]  Various embodiments are described herem below, including methods and
technigues. It shouald be kept 10 mind that the mvention might also cover articles of
manutacture that inclodes a computer readable medium on which computer-readable
instructions for carrying out embodiments of the inventive technigue are stored. The
computer readable medium may include, for example, semiconductor, magnetic, opto-
magnetic, optical, or other forms of coraputer readable mediom for storing computer
readable code. Further, the vention may also cover apparatuses for practicing
embodiments of the invention. Such apparatus may include circuits, dedicated andfor
programmable, to carry out tasks pertaining to embodiments of the invention. Examples
of such apparatus mclude a general-purpose computer andfor a dedicated computing
device when appropriately programmed and may include a combination of a
computer/computing device and dedicated/programmable circuits adapted for the various
tasks pertaining {o embodiments of the invention.

j000311 Embodiments of the invention enable customers to more efficiently achieve
their mn-house customization and/or modularity goals for the front end than achievable
with the atorementioned push methodology alone. Iv one or more exnbodiments, a pull
methodology 1s implemented whereby the front end acts as a slave (host server)
responsive to wafer loading requests from the back end, which acts as the master (host

client).

000321 Inthis pull methodology, the watelhigence and data capabilities of the back end
are leveraged by the back end mn the timing and issuance of specific water loading
requests perfaining to specific wafers and/or specific load focks andior specific chambers
to the front end. Wafer loading requests may be specific with respect to water loading
timing, the specific load lock(s) and/or specific chamber(s), as well as the specific tvpe of

wafer to be leaded {e.g.. a production wafer versus a non-production water), tor

&
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example. In this pull methodology, load lock utilization and overall tool productivity are
optimized withowt necessitating the divelging of the back end intelligence and data

capabilitics to the front end developers.

{00033]  In one or more embodiments, a purely pull methodotogy is implemented in
which the back end or the vacoum wwansfer module {VTM) associated with the back end
acts as the master (chient host) to request and to schedule the loading of specific
production and/or non-production wafkers into one or more specific load locks.
Furthermore, the back end or the vacuum transter module {VTM) associated with the
back end acts as the master {client host) to request and to schedule the loading of specific
proaduction and/or non-production waters from one or more specific load locks into one

or more specific chambers.

{00034}  Alternatively, in one or more embodiments, a hybrid poll methodology 1s
implemented whereby the front end ts permitted to retain push control over production
waters. However, the back end can mterrupt the pushing of production walers into the
load locks and/or into the processing modules (chambers) if a predicted or an actual need
for maintenance/clean occurs, In this case, the back end switches from acting n a slave

{host server) mode to acting in a master {host client) mode.

f000351  After switching to a master (host client) mode in this hyvbrid methodology, the
back end may schedule and/or 1ssae a request to pull a non-production wafer {(suchas a
maintenance wafer) mto one or more specific load locks. In the master (host client)
mode, the back end may also schedule andfor 1ssue a request to pull the non-production
wafer from one or more specific foad locks into one or more specific chambers for auto-
maintenance/auto~clean purposes. Quce auto-maimtenance/auto-clean is complete and the
maitenance wafer i3 unloaded to 1is storage or buffer location, the back end returns
master control o the front end so that the front end can resume master control to push
prodoction wafers into the load locks andior to push the production waters from the load

locks nto the chambers,

f00036)  The features and advantages of embodiments of the invention may be better

understood with reference to the figures and discussions that follow.
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j000371  Fig. 2A shows, in accordance with an embodiment of the invention, an
example flowchart for implementing the purely pull methodology whereby the VM acts
as the host chient (1Le., master) and schedules/issues pull requests for wafers {either

production or non-production wafers) to the front end.

[00038]  Instep 202, the VIM receives preliminary data regarding the potential
aumber of waters to be processed from the twol host or from the user. In this case, the
tool host may represent the software for controlling the overall tool, and the wuser may
represent a human user. Notice that i contrast with the prior ant, this information may be
recetved, i some embodiments, by the VIM or the back end directly from the tool host
or the user even before the wafers arrive at the front end. However, in other
embodimentis, the number of potential wafers to be processed may be received from the

front end if such an implementation is desired.

f00039]  The number of waters to be processed is only “potential” at this point because,
as will be discussed later herein, etther the tool host or the user can amend (add or
reduce} the number of wafers to be processed at any time in a production environiment.
Farther, the recipe information, the tuning information, as well as any configuration data,

may also be received directly from the tool host or user or from the front end in step 202,

f000407  Instep 208, a check is performed to see whether a request for processing a
wafer is still outstanding. This reality check 1s performed smcee the number of wafer may

be amended (add or reduced) at any time by the tool host or the user if desired.

{00041]  If there are no additional waters to be processed, the method proceeds to step
200 to perform post production processing. Post production processing may mvolve
performing certain steps following the conclusion of processing a production wafer or a
batch of production wafers such as pumping down the chamber, certain cleaning steps,

and the like.
{000421  On the other hand, if there are additional wafers to be processed {according t©
the outstanding requests), the method proceeds to step 210 to determine whether the

chamber 1s ready for a production wafer o be pulled into a load lock.
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j000431  if the chamber 15 ready for a production wafer to be pulled into 3 load lock,
instructs the EFEM 1o load one or more production wafers into a specific load fock. To
elaborate, a chamber may not be ready for a production wafer to be pulled into a load
lock 1f, for example, there is a need for chamber auto-mamtenance/auto-clean or if the
chamber state mdicates that the chamber 1s not ready {(e.g., temperature has not been

satisfactorily stabilized) to receive a production wafer.

{00044]  Generally speaking, intelligence in the back end enables the VIM w0
determine when and which load lock is suitable for loading/unloading a specific
prodaction wafer, it one or more embodiments. This 1s because the back end knows
which {oad lock is available, which chamber is ready or not ready or about to be ready,
and also knows which load lock can or cannot be emploved for loading and unloading
production wafers due to, for example, the need to avoid cross-comaminating a load lock

with different, incompatible wafers.

[00045]  1n step 214, the wafer in the chamber is processed according to the recipe, the
tuning information, and other configuration data recetved w step 202, In step 216 the
processed wafer is unloaded into the load lock after processing. Again, intelligence in the
back end enables the VTM 1o determine which load lock is suitable for loading/unloading
a produoction wafer as well as when is the optimal time for loading/unioading the

production wafer, one or more embodinents.

{00046]  The method then proceeds to step 218 whereby the VTM acting as the master
or host client instructs the EFEM to remove or swap wafers at a specific load lock.
Thereafter, the method returns to step 20% o determine whether there are still wafers to
be processed 1n the service request. The method returns to step 208 for this reality check
since, as discussed, the requests may have been amended 11 the meantime to add or

reduce the namber of wafers to be processed.

{00047] Returning to step 210, if the chamber is not ready, the method proceeds to one
of branches A, B and € to determine why the chamber is not readv. With respect 1o
branch A, it 1s possible that the chamber 1s not ready because, for example, a need for

automatic mamntenancedaute-clean had arisen. With respect 1o branch B, it 15 possible
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that the chamber is not ready because, for examiple, chamber readiness state data
indicates that the chamber is still going through the set up for the upcoming processing
step. In branch C, it is possible that the chamber is not ready because, for example, just-
in-time considerations indicate that no chambers may be optimally ready to accepta

wafer.

000481 To elaborate, with reference to branch A (Fig. 24}, in step 238, an auto-
clean‘auto-maintenance service need may have avisen, as determined by the back end
intelligence. The determination pertaining to whether anto-clean/asto-maintenance
service 1s needed may employ a combmation of intelligence sensors, statistical

processing, consumable parts states, processing/clean/maintenance schedule, and the like.

{00049 in step 240 the chamber is prepared to accept a maintenance wafer if a
maintenance wafer is needed for the auto~-clean/avto-maintenance task. This preparation
may inchude, for example, changing and stabilizing the temperature of the chamber. In
step 242, the VTM mstrocts the EFEM to load a specific type of mamtenance wafer into
a specific load lock. Step 242 occurs once the VI'M determines that the chamber to be
matniainedi/cleaned s ready 1o receive the specific of maintenance water. Again,
intelligence is applied to ensure that the correct maintenance wafer is loaded nto the
correct load lock at the optimal time to avoid cross contamination and to optimize usage
of the load lock {e.g., to avoid forcing the load lock with a maintenance water inside to

wait for the chamber to be ready to accept the maintenance wafer}.

1000307 In step 244, the auto-maintenance/auto-clean s performed according to the
requisite auto-clean/auto-maintenance recipe. In step 246, post maintenance/clean
service is performed if required. The post-mamtenance/clean service way melude
pumping out the chamber, restabilizing the temperature, coating the chawber, and the

like.

{00511 Instep 248, the processed mamntenance water 1s unloaded into a specific load
lock to remove it from the chamber, In step 250, the VTM mstructs the front end to
remove the maintenance wafer from the load lock to an appropriate storage or buffer
location. Thereafter, the process return to step 208 to determine whether there are

additional wafers to be processed.

10
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j000321  With respect to branch B (Fig 2C), if 8 chamber needs some time to prepare
itself before 1t can be ready to accept a production wafer (step 234), the method proceed
1o step 236 to perform any necessary set up to get the chamber ready to accept production
wafer. Depending on the specific recipes employed, different chambers in the ool
cluster may reqguire different preparatory steps as well as different processing durations,
for example. One of the goals of branch B may be to minimize load lock loiter time, 1o,
the time during which a wafer is disposed in a load lock but there are no suitable
chambers ready to receive that specific water. A lengthy loiter time represents an
mefficient usage of load lock resources since that load lock cannot be used for other
purposes {e.g., for {oading another wafer into another chamber which may be readv to
accept that other wafer).

1000531 With respect to branch C (Fig. 2D), it 15 possible that no chamber is ready at
any time soon to accept the next production wafer. For example, this situation may occur
when all chambers are busy and there are no chambers available or when one or more
chambers have been down for maintenance and there are no chambers available to
receive this specific production wafer. In this case, the method proceeds to step 232 to
wait unittl a PM is ready or almost ready (just-in-time). The “almost-ready™ prediction in
step 232 may be performed by the intelligence that exists m the back end to enable the
back end to request and pull in a production water into a load tock slightly ahead of time
so that when the chamber is actually ready, the water 15 ready {0 be loaded from the load
lock into that chamber. Just-in-time refers to the philosophy of optumally and tmely
scheduling usage of resources (including one or more of buffer location resources, load
lock resources, chamber resources, wafer resources, ete.) in a manner that minimizes
mefficiency and maximizes throughput. Thereafter, the method returns 1o step 208 to

again ascertain whether there are additional wafers to be processed.

{00054] Figs. 3A - 3C unplement the hybnid methodology whereby the front-end {e.g.,
the castomer) 1s able to maintain master control of the transportation of production
wafers and can push production wafers from the front end to the load focks and from the
toad locks to the processing modules in the master mode. However, the hybrid
methodology of Figs. 3A - 3(C pernuts the back end to employ its own proprietary

intetligence and data capabilities to determine if and when maintenance/clean is reguired.

11
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{00055]  In one or more embodiments, if and when auto-maintenancefauto-clean is
requuired, the system may enter a hybrid state whergby the back end assumes master
control and the front end becomes a slave i order for the back end master to dictate to
the front end when and how to pull one or more specific non-production wafers into a
spectfic load lock to perform anto-maintenance on a spectfic chamber. In one or more
embodiments, even it a non-production wafer is not requured for the auto-
malntenance/auto-clean, the back end may also assume master control during the auto-

maintenance/auto-clean cvele(s).

(600567 With reference o Fig. 3A, back end code runnming in the background
ascertains whether the master or the slave mode should be executed by the back end, in
one or more embodiments. This determination in step 302 may be based on the auto-
mamtenance/anto-clean criteria, schedules, sensor states, statistical analysis, andfor the

like, which are implemented by the back end mtelhgence.

100087 I auto-maintenance/anto-clean 1s deemed to be requived o step 302, for
example, the system enters, as discussed earlier, the hybrid state whereby the back end
becomes the master (304) to issue a pull request to the front end for a specific non-
production wafer and/or to execute auto-maintenancefauto-clean tasks. On the other
hand, if auto-maintenance/auto-clean 15 deemed 1o be not required, the system stays wn the
traditional mode (step 306} whereby the front end acts as the master (host client) to push

prodoction wafers to the back end throogh the load locks.

{00058} Fig. 3B shows, in accordance with an embodiment of the invention, the steps
involved when the back end acts in the slave mode. In this slave mode, the front end acts
as the masier for pushing prodaction wafers to the load locks andior the back end. In step
320, the VIM receives prelinunary data regardimg the potential naomber of wafers to be
processed, the recipe information, the tuning weformation, as well as any configuration
data from the front end or the wol host or the user. In step 322, the EFEM acting as the
master ot host chient pushes one or more production wafers nto a load lock and nstructs

the back end to load those waters from the load lock into chambers for process.

[00059]  instep 324, the wafer i the chambey is processed according to the recipe, the

tuning information, and other configuration data received in step 320, In step324 the

12
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processed water 1s unloaded nto the load lock after processing. Thereafter, the wafer is
unioaded from the load lock (326) and the back ead is again ready for processing the next
production wafer responsive to instructions from the front end or 1o enter into the master

mode to perform auto-clean/auto-maintenance.

(000607 Fig. 3C illustrates, in accordance with an embodiment of the invention, the
steps mvolved when the back end assunies waster control 1o perform any necessary auto-
mainienance/auto-clean (as determuned by the process of Fig. 3A). To elaborate, w step
350, an auto-clean/auto-maintenance service need may have arisen, as determined by the
back end mtelligence. The determination pertaining to whether asto~clean/aunto-
maintenance service 1s needed may emiploy a combmation of mtelligence sensors,
statistical processing, consumable parts states, processing/clean/maintenance schedule,
and the hike.

j000061]  Instep 352, the chamber 18 prepared to accept a maintenance water if a
maintenance wafer is needed for the avto-clean/auto-maintenance task. This preparation
may include, for example, changing and stabilizing the temperature of the chamber. In
step 354, the VTM instructs the EFEM to load g specific type of maintenance wafer into
a specific load lock. Step 354 occurs once the VITM determines that the chamber to be
maintained/cleaned is ready to receive the specific of maintenance wafer. I desired,
mteiligence may be applied to ensure that the correct maintenance watfer is loaded into
the correct load lock at the optimal time to avoid cross contanunation and to optumize
usage of the load lock {¢.g., to avoid forcing the load lock with a maintenance wafer

inside to wait for the chantber to be ready to sccept the maintenance wafer),

1000621 In step 356, the anto~-mamtenance/anto~clean s performed according to the
requisite aonto-clean/auto-maintenance recipe. In step 338, post muaintenance/clean
service is performed if requived. The post-maintenance/clean service may include
pumping out the chamber, restabilizing the temperature, coating the chamber, and the

like,

f00063}  Instep 360, the processed maintenance wafer is unloaded mto a specific load
lock to remove it from the chamber. In step362, the VTM mstructs the front end to

remove the mamtenance wafer from the load lock to an appropriate storage or bufter

13
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location. Thereafler, the process returns master control to the front end (364) to allow the

front end to push production wafers to the back end

{00004]  As can appreciate it from the foregoing, embodiments of the mvention permit
the costomers of semiconductor mannfacturing eqouipment manafacturers (e.g., the
semiconductor device manufacturers) to purchase a commodity front end for their own
customization needs and to integrate their front end with the back end in @ manner that
leverages the intelligence and data capabilities of the back end for optimal throughput.
When integrated in accordance with embediments of the invention, customers of
semiconduacior manufacturing equipment manufacturers (e.g , the semiconductor device
manufacturers) may be able to take advantage of the wtelligence and data capabilities of
the back end 13 8 manner that does not require the back end manufaciurers to divudge to
the front end developers details regarding how the back end data 1s collectied and how the

data is processed to implement the back end intelligence.

1000051 Likewise, the front end developers, when mtegrating the front end with the
back end in accordance with entbodinents of the invention, do not need to divalpe to the
back end equipment manufacturers details regarding recipes and waters in order to take
advantage of the intelligence and data capabilities of the back end. In this manner, the
back end tntelligence and data capabilities may be wiilized for wafer production without
compromising the mtellectual property of either the front end developer or the back end
equipment manufacturers. Another efficiency benefit is also realized since the front end
developer does not need to acquire the expertise to analyze and understand back end data
and intelligence. When the back end operates in the master (host client} mode, its
complex intelligence and data capabilities are essentially modularized i the back end and
are feveraged to formulate timely and specific wafer pull requests, which are simple and
readily understood by front end developers. This simplification reduces integration time
and cost while allowng each of the front end developers and back end equipment

manuefacturers to retamn control over their own expert domam.

[00066]  While this mvention has been described in terms of several preferred

embodiments, there are alterations, permutations, and equivalents, which fall within the

scope of this mveation, For example, while the operation has been described nsing

14
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flowchart steps, it should be understood that embodiments of the invention also covers
fogic (software or hardware, whether dedicatedihardware or programmable or instruction
executing, whether a single chip or mualtiple chips and/or multiple discrete devices)
implemented 10 execute the methodologies discussed berein. As another example,
although the flowchart steps are shown in a sequential fashion, one skitled 11 the arnt
would readily recognize that some of the steps may be performed in a different order
while still achieving the same result and indeed programming methodologies other than
sequential instructions may also be emploved. Conseqguently, it should also be noted that
there are many alternative ways of implementing the methods and apparatuses of the
present invention. Although various examples are provided herein, it is intended that

these examples be iflustrative and not Houting with respect to the invention.

p—
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CLAIMS
What is claimed 1s:
1. A plasma processing system having a front end, a plurality of load locks, and a

back end, said front end inchuding at least logic for transferring waflers between a storage
location and said plurality of load locks, said back end configured to process waters
recetved from said plurality of load locks, comprising:

first fogic associated with said back end for ascertaining whether one of tool
cleaning and tool maintenance is required during processing of sad wafers;

second logic associated with said backend, satd second logic configured for
entering a back end master mode if said one of said tool cleaning and said tool
maintenance 13 required, wherein when said back end, when operating i said back end
master mode, performs at least one of issuing a maintenance wafer request to said from
end and suspending a front end master mode of said front end to perform said one of said

tool cleaning and said tool maintenance.

2. The plasma processing system of claim 1 further comprising:
third logic associated with said tront end for receiving water loading instructions

from said back end when said back end operates in said back end master mode.

3. The plasma processing system of claim | Ruther comprising:
third logic associated with said front end for enabling said front end to operate in
satd trout end master mode after said one of said tool cleaning and said ool mamtenance

is performed.

4. A plasma processing system having a front end, a plurality of load locks, and a
back end, said front end including at least logic for rransterring wafers between a storage
tocation and said plurality of load locks, sard back end configared to process wafers

recetved from said plurality of load locks, comprising:

16
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first fogic assocated with said back end for formulating water loading requests
responsive at least to a measurement of one parameter of said back end;

second logic associating with said front end for receiving said wafer loading
instructions and for performing loading of said wafers into at least one of said plorality of

load locks responsive to sad recerving satd wafer loading mstructions.

s The plasma processing system of claim 4 wherein said wafer loading mstructions

pertains to production wafers.

6. The plasma processing system of claim 4 wherein said wafer loading instructions

pertains to non-production wafers.

7. A method for controlling a plasma processing system, said plasma processing
svstem having a front end, a plurality of load locks, and a back end, said front end
mcluding at least logic for transferring wafers between a storage location and said
plurality of load locks, said back end configured to process wafers received from said
plarality of load locks, comprising:

operating said plasma processing system in a back end master mode, wherein said
back end 1s configured 1o formulate wafer loading instructions responsive at least to a
measurement of one parameter of said back end;

loading wafer, using said front end, into at least one of said plurality of load locks

responsive to recetving said wafer loading instructions from said back end.

8. The method of clama 7 wherein said water loading mstructions pertains to at least
one maintenance wafer and wherein said front end maintams front end master control of

said plasnia processing system for processing production walers.

9. The method of claim 7 wherein said water loading instructions pertains to both

maintenance wafers and prodoction wafers.
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