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In accordance with yet another illusirative embodiment of the present invention, & method comprises
receiving process messages from a plurality of process tools used in a manufacturing process line by a
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MODE(S) FOR CARRYING OUT THE INVENTION

Hlustrative embodiments of the invention are described below. In the interest of clarity, not all featvres

of an actual implementation are described in this specification, Tt will of course be appreciated that in the
development of any such actual embodiment, numerous implementation-specific decisions must be made to
achieve the developers® specific goals, such as compliance with system-related and business-related constraints,
which will vary from one implementation to another. Moreover, it will be appreciated that such a development
effort might be complex and time-consumning, but would nevertheless be a routine underiaking for those of
ordinary skill in the art having the benefit of this disclosure.

The present invention will now be described with reference to the aitached figures, Various struciures,
systems and devices are schemalically depicted in the drawings for purposes of explanation only and so as to not
obscure the present invention with details that are wel} known to those skilled in the art, Nevertheless, the
aftached drawings are inciuded {o describe and explain illustrative examples of the present invention. The
words and phrases used herein should be understood and interpreted to have a meaning consistent with the
understanding of those words and phrases by those skilled in the relevant agt. No special definition of a term or
phrase, i.e., a definition that is different from the ordinary and customary meaning as understaod by those
skilled in the art, is intended to be implied by consistent usage of the term or plirase herein, To the extent that a
term or phrase is intended to have a special meaning, ie., a meaning other than that understood by skifled
artisans, such a special definition will be expressly set forth in the specification in a definitional manner that
directly and unequivocally provides the special definition for the teym or phrase.

Generally, the present invention provides an automated throughput monitering and/or controlling
system to significantly enhance process efficiency, which may suffer in conventional process lines from
unobserved throughput losses caused by, e.g., process and setup changes and/or equipment malfunction. By

automatically monitoring the fhroughput behavior of at least some precess tools in a semiconductor process line,
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port including a robot handling device including a plurality of periphera) components required for the proper
operation of the load port, wherein no external access to these peripheral components is provided, In this case,
the foad por: may be considered as an individual basic entity, since its process stalus may be observed via tool
messages, for instance when the load port is processing or is in an idle maode, while the current status of the
peripheral components is not observable on the basis of tool messages. Thus, when it is teferred to receiving
data or information on an “entity” basis from a specified process lool, it is meant that the process status of at
least some of the entities i detected, thereby providing an enhanced “resolution” with respect to individua)
functions of the process tools 116, 120, 130 on a substantially continuous basis. Moreover, each of the process
tools 110, 120, 130 comprises a respective interface, 114, 124, 134 which are configured to allow
communication with a supervising system, an operator, or other process toals and peripheral components.

In the embodiment shown, the manufacturing environment 150 comprises a manufacturing execution
system 140, which is typically provided in semiconductor production facilities to Mmanage 1esources, raw
materials, process tools, process tecipes, efc. in coordinating the various process flows within the manufacturing
environment 150, Thus, the manufaciuring execution sysiem 140 may receive tool-specific information from
the plurality of process tools 110, 120, 130 and may, in response to process requirerments and/or in response to
the lool-specific information oblained, issue corresponding instructions to one or more of the process tools 110,
120, 130. Purthermore, the manufacturing environment 150 comprises a system 100 for avtomatic monitoring
andfor controlling of throughput related characleristics of the process toels 110, 120, 130. The system 100
comprises an interface 101 connected {0 the tespective tool interfaces 114, 124, 134 to at least receive tool-
specific information from one or more of the tools 110, 120, 130. In one illustrative embodiment, the interface
1801 may be configured to cnable the receipt of standard SECS (SEMI equipment communications standard)
messages, thereby providing the potential for data transfer with a wide variely of semiconductor process tools,
as most of these tools support the cosresponding protocel. In a further illustrative embodiment, the interface 101
may further be configured to receive process data from the manufacturing execution system 140, whereas, in
other embodiments, the data fransfer between the interface 101 and the intexfaces 114, 124, 134 and the

manufacturing execution system 140 may be bi-directional to allow throughput related data and control data to
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Typically, a fast response to any throughput rel ated

issues is desirable in the manufacturing environnent

150, and therefore even shorter control intervals may

be sel ected, depending on the statistical significance
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As a result, the present invention provides a new

techni que for estimating the throughput
characteristics of a manufacturing environnent in an
specific information
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| 8.as set forth :
pro uce correspondmgl(.)utp'& gl.gjg){\aé‘?ﬁ, w@@mpyj ety : be awedi it i@d! fom@@! activities and/or

conflgured to receive process nessages forma
plurality of process took; a t hroughput control
unit connected to said interface and configured to
automatically determ ne a throughput rate for each of
said plurality of process tools under specified
process tool paraneters and identify a process tool of
significance having a determned throughput rate
outsi de a specified range, wherein the throughput rate
i ndi cates a nunber of itens processed in the

associ ated process tool over a particular tinme



3. The systemof claim1, wherein said interface is
further configured to receive process data froma
manuf act uri ng execution system said process data
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thereby contributing to enhanced production yield at reduced production cosl.

As & resuli, the present invention provides a new technigue for estimating the throughput characteristics
of 2 manufacturing environment in an automated manner, wherein tool specific information may be gathered on
an entity level for a plurality of process tools, thereby providing high statistical significance within moderately
short time intervals. Thus, even subtle throughput related issues in the mannfacturing environment may be
detected and a corresponding control activity may be initiated as soon as a corresponding decrease in throughput
is identified. In evaluating throughput related performance charactesistics of a plurality of process tools,
appropriate 100} information, for instance provided in the form of standard SECS messages, possibly in
combination with process data recefved from a manufacturing execution system, may be used to automatically
compute the performance characteristics af entity level. Based on this data, statistical process control
mechanisms may be wsed to reliably monitor and/or control or supervise the equipment performance. The
performance characteristics calculated on the basis of tool information may be compared with comresponding
reference data, which may be obtained by theorstical medels and/or experimental data, to identify shortcomings
in setup as well as control software of the process {ools involved, Moreover, by using the process information
oblained from the manufacturing execution system, a correlation between tool configurations, control algorithm
and process recipe may be established Lo recognize even subtle deficiencies in one or more of these factors.
Thus, in some embodiments, the equipment performance gathered automatically at entity level and related to
throughput characteristics and the deviation between reference data, for instance obtained as results of dynamic
simulation, and the aclual equipment performance are provided as input for an SPC system to identify low as
wedl as high performing equipment and/or entities.

The particular embodiments disclosed above are illastrative only, as the invention may be medified and
practiced in different but equivalent manners apparent to those skilled in the art having the benefit of the
teachings herein. For example, the process steps set forth above may be performed in a different order.
Furthermore, ne limitalions are intended to the details of construction or design herein shown, other than as
described in the claims below. It is therefore evident that the particular embodiments disclosed above may be
altered or modified and all such variations are considered within the scope and spirit of the invention.

Accordingly, the protection sought herein is as set forth in the claims below.
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8, The systemof claim7, wherein said at |east one

t hroughput rate represents an overall processing tine
of a substrate processed by at | east one of said
plurality of process tools. 9. A nethod,
WORINTPEhiSleMg: receiving process nessages froma
plurality of process tools used in a manufacturing
process line by a throughput control unit;

det ey m ni Agysanf BoAYGRUt rate for each of said
plurality of process tools under specified process

t ool (mrj%ii”é@f?étc‘é]rr QuUkSA te e wasicsss afesagsdopT orleskty nbwsagesyls;

wher LinfuliRt Mg hnLRL & dad llt%!sfgc%sﬁm@c&%?hg to%futomatxcaliy
items processed in the associated process tool over

debeéil'ntnp @ u‘]l otehpyt ggde ifq{,tcgqhv:@smd plurality of jpghsess ilfoysi under apegifiod @g)gess
tobORkanRferSi@nbdnif AN GRNAVINGr %ﬂﬁ&ﬁ[cﬁmﬁg g teliiefaty H}S ou &hput

rate outside a specified range; and generat |
rafeaudsident arcgidicd, ranse. gﬁ@@mstb@gjj:epqgé@ptriaqqgedlglﬂestdqeumbcr of items

prod¥EQU BhRM s dcfited pp&e@mi QVel QQazﬁ&HH'tlﬁk‘n‘Elﬂvﬂ%ﬁ' s of said

process t ool s usi ng t he SpeCI i ed tool paramet ers.
10. “TRETGHER firdmedule prerablodio sorerte aferent datt Gulsaidsresdige sange

ofctﬁmﬁb@ﬁplﬁqgﬂe [)“yp@tﬁblf)ﬂugﬁ s QARG QBT ] @ty ]ﬂgrﬁzg‘; n%)@FS us cﬁg the

| east one of a chamber processing tine,
speqifiRd ook Py pBEtPat e handl er process tine and a substrate
handler idle time of at |east one of said plurality of

process tools
2. The system of claim 1, wherein said process messages comprise tool specific

information relating to at least one of a chamber processing time, a chamber idle time, a
substrate handler process time and a substrate handler idie time of at least one of said plurality

of process tools.

3. The system of claim 1, wherein said interface is further configured to receive
process data from a manufacturing execution system, said process data being related to at

lcast one of said piurality of process tools.

4, The system of claim 1, wherein said throughput control unit comprises a
statistical process control section configured to identify said process tool of significance on

the basis of said determined throughput rates.

5. The system of claim 4, wherein said statistical process control section has
implemented therein a control chart specifying a valid range of at Jeast one of the throughput

rates.

0. The system of claim 5, wherein said control chart is configured to define an

out of control situation for said at least one throughput rate,

7. The system of claim 6, wherein said at least one throughput rate represents a

process time of at least one entity of one or more of said plurality of process tools.



11. The nmethod of claim9, further conprising

recei ving process data froma manufficturing execution
system said process data being related to at | east
one of said plurality of process tools. 12. The

met h@d of 1d é}’sl@h | el ?R\%Elgmdﬁ&l?l ne llmlthlo [é](? 1t ldlL reénescnls an

activities at least for a manu
oveitlbpipgdssing Bmp pb g isdhstate or Ostmed bevhet deagthypwgto! @mhph@lhtmrf ipocess

tdof enhance a statistical significance of said
t hroughput rates. 13. The nmethod of claim9

further conprising performng control of said

plural i tyaQfeiRlo&8sssihpol s on the basis of said
t hr oughput rbat es. r;o SETlfge met hod of claim 13, wherein

per f BEHYIAY PO Petsagsh lgmiadblprlis ebpr Oﬂcﬁ@loglsclm@pn B g@sufacturing

pl%@égg ruQJ Jy ar%gz0§§4pgl &Etﬂﬁ%ﬁ?‘ tools on the basis of a
statisti'cal process control nechani sm 15.

The fRSrRGMOR tBloaghmetlmie herdi af G@fﬁtrﬁ!@hllitj/ ng powetshieols under
S]Q@ﬁk(ﬁ [Dgﬂzces%al gl 55[3&&152 lcga‘!he F’JAQF chart gltOE(%L nq[éss%g{%n whetein the

conprises_ inplenmenting contro speci
thyoaeh it r%@élc@ps & Ajaber |qf @ca@hpmcsquémegle assomated pzjb@qss ﬂdq:éovei a
pdBLNO Qi Gl 4l m 15, wherein said control charts define

an out of control situation for each of said plurality

of pHgtdygag ¢ pebess tool of signifiganee Fvenermedetrodined tholuglipm B, outside

a WRekiel Ansal M control operation on the basis of said

statistical process control mechanismis performed on

t he fsagpiéneapienecatapsiibiigidtsharifict hage pEih¢ bswigonut BERIenpYying

suﬁul‘ét'ldmnécfats%f VAl pr Qéess.atoélbhsflﬁg Jﬁcﬂ%n ﬁec’ t&}l%dﬁ(ﬂ%@t%m I on

facility accommodati ng sal acturing process
i ne.

10. The method of claim 9, wherein said tool messages comprise tool specific
information relating fo at least one of a chamber processing time, a chamber idle time, a
substrate handler process time and a substrate handler idle time of at least one of said plurality

of process tools.

1. The method of claim 9, further comprising receiving process data from a
manufacturing execution system, said process data being related to at least one of said

plurality of process tools.

12. The method of claim 11, wherein data on all tool activities at [east for a
predefined manufacturing interval are provided to said throughput control unit to enhance a

statistical significance of said throughput rates.

13. The method of claim 9, further comprising performing control of said

plurality of process tools on the basis of said throughput rates.

14, The method of claim 13, wherein performing control of said process tools
comprises controlling said process tools on the basis of a statistical process control

mechanism.



18. The nethod of claim9, wherein said sinulation

nodel is a discrete event nodel of said process tools

for said specified tool paraneters, said node

representing an ideal tool behavior for said specified

t ool jspar aﬂ"l:étlﬁéi%d of %HTMT»EQ;J;HM%%{R&%BSM S} A

AND METHOD OF OPERATI NG THE SAME ABSTRACT An
PrefFETitRt d dnec s tigiepatiscs Smtlereantisy e hatopeciitioe ratlisodnge of
Samsmgﬁgmhﬂggq By gathering tool specific information of

a plurality of process tools (110, 120, 130) on entity

| evel , appropriate throughput rel ated performance

char i%Ct erfrtditd CENaiTRYs, RBee Rl GMl BARA ik NedNe AR out of control

statistical significance during noderately short time
Sitp{toB 1o £, of ke Blgipély of preespipBor mance characteristics

(C) obtained fromtool information may be conpared to

reference data, for instance provided by dynanic
si miat i orecatvdioAeRBNE: “hercingaist jopiyolipgationzs thichasis o said

stakiOWal RESEQIM: 51 Gh B isRITE Pl ricPRed é’]ﬁh@@-?sts%f QLarSHADARE that is less
process control nechani sns. Figur
or equal to a time interval of a shift change in a p;oductlon facility accommodating said

manufacturing process line.
i8. The method of c¢laim 9, wherein said simulation model is a discrete event

model of said process tools for said specified tool parameters, said model representing an

ideal tool behavior for said specified tool parameters.
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AUTOMATED THROUGHPUT CONTROL SYSTEM AND METHOD OF OPERATING
THE SAME

ABSTRACT

An automated throughput control system (100) and method is provided. By gathering
tool specific information of a plurality of process tools (110, 120, 130) on entity level, appropriate
throughput related performance characteristics (C) may be calculated with high statistical
significance during moderately short time intervals. Moreover, the performance characteristics
(C) obtained from tool information may be compared to reference data, for instance provided by
dynamic simulation calculations, to identify high, as well as low, performing equipment on the

basis of standard process control mechanisms.

Figure la.



