12 February 2007 METHCD AND SYSTEM FOR SYNCHRONI ZI NG CONTRCL LIM T AND
EQUI PMENT PERFORMANCE FI ELD OF THE | NVENTI ON [ 0001] TheldFegueary 208 ent i on
relates to a statistical process control, SPC, system and nore
particularly, to a nmethod and system havi ng new control chart properties
that synchronize a control chart and equi pnent perfornmance BACKGROUND OF
THE | NVENTI ON [ 0002] US 5, 862,054 describes a process paraneter nonitoring
system for real tinme process control having the capability to nonitor

mul ti pl e proces with a mx of
different type o w&gg gWMQEﬁW$é%ééﬁconduct or

waf er process machi nemyyirt anb PrMvEREF PRRFOIBVIANTE cabl e to other
processes and process machi nery ere It 1I's necessary to for automatic
collection of process paraneter data for statistical process control, SPC. .
[0003] Data is stored by. a productlon control conputer. The data is. used to
determ ne process control | iELD QB IW@MS in the characteristics

IR o olﬁﬁeﬁm S R Bl ot PG cal bosess Garaet BRIk
process Dafamel m,&a B3y B P utcH Ifee}c%ﬁum @@I@E@E%M] Each

“manuf acturi ng s act uring execution SysS

process mmmma@n@r@mdnmmlﬂﬁﬁemp%mgar ameter data to be applied to
a real time SPC analysis. The data for each nmachine is accumul ated

separately and applied to its own SPC anal ysis. The data once anal yzed is
presented on the screen BACKGROPNBUOETHE)INGENTION conput er t hrough a

gr aphi cal usegr, There is also an al armindi cator when the
process is z‘ﬁ’[ﬂib i:]gn{’ﬁébdﬁ%{ﬂmbﬁs BPIOBRSH PRTAEICHES opHering sysiem for real

time process control having the capability to monitor multiple process machines, i Le.,

equipment, at the same time with 2 mix of different type of machines. The system is
applicable to semicondnctor wafer process machinery in a foundry fab, and is applicable
to other processes and process machinery where it is necessary to for automatic collection

of process parameter data for statistical process control, SPC.

[0003]  Datais stored by a production control computer. The data is used to
determine process control limits as well as trends in the characteristics of the process.
The process control computer is coimccted to a company wide network through a server.
Through the cdmpany wide network the process parameter monitoring system
communicates with a production manufactﬁring system or manufacturing execution
systemn, MES.

[0004]  Each process machinery is providing key process parimetcr data to be
applied to a real time SPC analysis. The data for each machine is accumulated separately
_and applied to its own SPC analysis. The data once analyzed is p:esénted on the screen of |
the production control computer through 2 graphical users interfacé, GUL There is also
an alarm indicator when the process is out of control, and an accounting for the number

‘. .of alarms that have occurred over the time interval of data being shown‘through the GUI; :

[OOOS] The process control monitoring system can display. historical data on the

| produc’aon control computer. This display of historical data can be important in the
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of alarms that have occurred over the tinme interval of data being shown
through the GUI. [0005] The process control nonitoring E&sbewary2007i spl ay
-historical data on the production control conputer. This display of
historical data can be inportant in the -1 12 February 2007 anal ysis of
probl ens | eading to poor yield. ‘Wen debugging a particular process on a
particul ar machine, the nonitoring of that nachine can be stopped or
started without affecting the nonitoring of the other process on other
process ngphysisesfproll@RdiBididntoSioor gigkl Whet slebugpinyta mlticnliaptogessbnr exanpl e,
the use of cont r%plI charts IQ%jon anﬁgPC systemis dil;?i(;tl1 oseg in US 5,586, 041.
| na f act oparticrdammgachineShe mosithoeg ¢fthat wﬁme@ambwomdﬁr st wihost st eps,
numerous cgntrol charts, arg.in_.a corresponding SPC system For exanple,
ther e ar cATRSLEE {edROREAE o o6 GUER RGOS RE CUIer BIRGFF SR oundry  f ab.

Synchroni zing the control limts for various charts is highly desired for

obt ai ni ng hALM P r f i fif ' e ines, in
t he foundryqu?)(ﬁu s&ﬁ@&?é Ié}ﬁ%&ggﬂ#&gﬁﬁﬁs{]Eof%&#@;@%ﬁsééﬂf;mg gfc?lgﬁ? S an
arduous tgsky SPECHLER ié HiSSISscARRUSS, 558 NI Efadfy usaisthnBPE wethdefognt chart
types assigned to"controlling different processes. fOOO?] The control

limts nesctiotlingrompldxfpremtsdeiers mimeavisomntrelghens are bed ooreespendiigdifiCthg t he
control limts_to be synchronized, Prior to the invenfion, control limt
was baseﬁm@ﬁl@afaxamf@%ﬂ&r%arﬁ@%eéaammﬁo cgp |cﬁar@qw§w@ﬁw was not
al ways e | i er.f or mance . w t.h .of her equi n ] ame

| procés; g%"ﬁa%}"}%‘f})’m% gc?rﬁléﬂwu]ﬁlf?ro‘ia%f’?srﬁﬂ{mgﬁ%hlég%h&?go%ga%%%. nt coul d

be arbit rg;{tlﬂé%ilaﬁéﬁbﬁ%@e bediftbift éé;?.]ﬂb%enﬁl(il.!é!, PBRihes, M thé Babds i, i sti cal

support f g so. Further, control lTimts were calculated as ( 3)
Si gma of $pmhrahiting cobivel it falvatious chasisiagaathoistaslt becanwerthese chats be set
too tight for other equipnent in the foundry Iab.,Fg_ e alarnms w ||
resul t, cagavmgranssand@radibiargt snart tares gpsigned 1 eordreRINgSIIIGTERHPFOCESSEs- gned i n

this manner nmay be set too | oose for other
[0007]  The control limits need to be verified by statistical support before

assigning the control limits to be synchronized. Prior to the invention, a control limit was
based on data from a single equipment. The single equipment was not always equal in
performance with other equipment that have the same process capability. Thus the
control limit of the single equipment could be arbitrarily assigned for the other equipment

~without statistical support for doing so, Further, control limits were calculated as (+/- 3)
Sigma of past data. The control limit assigned in this manner may be set too tight for
other equipment in the foundry lab.- False alarms will result, causing wasted debugging
efforts. The control limit assigned in this manner may be set too loose for other

- equipment in the foﬁndxy fab. When the confrol limit is set too loose, fault detection will
“occur too late to avoid rework and product sorap. Thus, arbitrarily assigned control limits

would not be based on statistics gathered from equipment and processes.

[0008]  Prior to the invention, a method and a system was needed for
synchronizing control limits of various charts for optimum equipmént performance. The
control rli'mi’ps needed to be updated with calculations based on statistics formed by new |

data.




equi prent in the foundry fab. Wen the control Iimt is set too |oose,

fault detection will occur too late to avoid rework and%’ﬁ&b@%ﬂ@@?ap
Thus, arbitrarily assigned control limts would not be based on statistics
gathered from equi pnent and processes. [0008] Prior to the invention, a

met hod and a system was needed for synchronizing control limts of various
charts for optinum equi pnent performance. The control |imts needed to be
updated with cal cul ati ons based on statistics formed by new data. -2 12
February 2007 SUMVARY OF THE | NVENTI ON [ 0009 nchroni zati on of a control
chart and equi prrent per f or 3053%3‘9@55& tinme determned by a

Al cul ot ng RO, SHHERERa PSP aR% HEan nfiaprBRERFb i Ton 2t at st o

form by n@ffoﬂﬁé@atawﬁhé@etéfﬁﬁﬂwb G Maft control
chart property, Control Met hoga Oﬁ%rﬁ%ﬁﬂgﬁ%%?ﬂ’ént ﬂ Re1*hvention is

di rect ed properdi end it ¢abmnlatihg a newosnted] dinit fop q:retcroﬁﬂmlcchm bas@cﬂ eRSfatividsor al l

- control Par%s controlling the sane process step perfornmed on different
equi prent OMYRE neW gatas Whils usingra qabnlation me c£by scanfibbelasttpedperty, a -
statlstlc(:tl g |at|on of the control chart property values of all such
contr ol g,trp cﬁ?gn all such control charts have the sane performance
benchmar k. [0011] Anot her enbodi rrent of the invention is directed to a

_(I:_Egrzhg:)?e delr]ﬁiatls new ¢ dﬁn{(ﬁ’ proper %dﬁg&%@%ﬁﬁﬁﬁ %&éﬂgﬁfﬁg Zystgm
control |donird] dhas @ebpeity forafl 3bted! kEs ERNOHEhE B s fo\éék‘é R ??gﬁg{dn?cge SpC

frequency for setting a time for review ng Rew gat he
syst err} andlierpricguipmena Tht omsistent mnelgmmqgar@lm caleuiiteds a@sh!@ﬁdh%alt hat
control the.

tfmaﬁon of the control chart property values of all such control charts. Then all such

control charts have the same performance benchmark.

[0011] Aﬁother embodiment of the invention is directed to a chart model for all
- the various types of control charts for an SPC system. The chart model has new chart
properties; a method for calculating a control limit based on a statistical deviation, 2
synchronization frequency for setting a time for reviewing new data gathered by the SPC
system, and a process catalog for categorizing all contro! charts that control the same
process step, such that the control charts are organized for assignment of the same control

limit calculated as a statistical deviation of control limit values of all such control charts

with the same process catalog.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]  FIG.1is a diagram of an SPC system. |

[0013]  FIG. 2 is a flow chart of a process performed on the SPC system disclosed
by Fig. 1. ' -




process step, such that the control charts are organi zed for assignnment of
the same control limt calculated as a statistical devil@Febmasy2¢®ht r ol
limt values of all such control charts wth the same process catal og.
BRI EF DESCRI PTI ON OF THE DRAWNGS [0012] FIG 1 is a diagramof an SPC
system [0013] FIG 2 is a flow chart of a process perforned on the SPC
systemdisclosed by Fig. 1. 3 12 February 2007 DETAI LED DESCRI PTI ON

[ 0014] The present invention is a method and system for synchroni zi ng
control Ilimts for optimum PETABDEDIDRSCRBAHMce. [0015] Fig. 1 discloses

a process paranmeter nonitoring, systemof US 5,862,054, f{or use jn real

time SPC. AHMBAHI nghepresant Bentiopds amathodsnd sy for pynchrogizing CORHBir ocess

cont rol i:.onrg%t er éqlug& i S connercﬁt ed to wafer fabrication machinery (11). For

exanpl e, HHE ToGRAt SRR PO nery (11) represents multipl e process

equi prent, for exanple, EQP-A EQP-B ... EQP-Z. The conputer (10) contains

a data base i ch 4t 4data. The
Hfo,glgi C‘é"?ﬁ%ﬂ? gisglggq;seﬁg%rﬁ&ss ?%}?&gﬁf mORNrRE SGRSS o PER IR 854,

data i s use ers PC analysis, as well as to

i ndi cat e g4 \88 dsreaf tih$SPOad @ordiiely GARRQ systefrl® MistloseddryRigtled grycadmt a  server
(12) to the conpany wi de network from which the conputer (10) has access to

the nancomcdlwompyienilO)istconmecteddo atfer K@gicption machoeme(l rFer exsmple &6 (10) can
i ta. Faqr le, th t 10 it

contr ol | SYRGFbAcaol MASHREK | ITA T PrasES b IF B Esa AP FRnl? AT Buery. 1o

di spl desi,r.ed t i 1S D W - 18

on Tho” FRSALERPYES.. BRR e CORphreRffb) chRaihyy Wid BB (P 9RAARIS 800 L00) |

par anet etofigH few process parameter data. The data is used to compute parameters for SPC

analysis, as well as to indicate trends of the data, The computer (10) is connected by data
server (12) to the company wide network from which the computer (10) has access to the

manufacturing execution system, MES (14).

[0016]  The computer (10) can access various data. For example, the computer
(10) can access its own control charts for the machine (11) by an ID (Identification)

E query, to display each desired control chart and its ID with a process catalog (18) on'the
monitor (16). Further, the computer (10) inputs new process control parameter data
gathered from operation of the equipment (11), and has access to the chart properties
database (20) for the method to calculate new control limits using the new data. The
process catalogs (18) categorize all control charts that control process steps that are

~ capable of being performed by the various equipment EQP-A, EQP-B ... EQP-Z.

[0017] Ina manufacnu{ng operation, for example, a foundry fab, from raw
material to product requires performance of mﬁny process steps. Each process step
requires equipment to have a specific process capability. A specific pfocess step can be

N performed only by equipment that has the specific process capability. For example, a
process step of, depositing 2000 Angstroms thick film oxide on a semiconductor wafer, is
one process step. Each equipment EQP-A, EQP-B ... EQP-Z has the process capability to
perform the one process step. Control charts CHRT-A, CHRT-B .... CHRT-Z control the
result of tﬁc one process step capable of being,perfonned:by respective éq.uipmcnt EQP- -

- A, EQP-B ...EQP-Z. According to the invention, the multiple control charts controlling.
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athered from operation of the equipnent (11), and has access to the chart
gropefties dat gbase (20) for the nethod to calcul ate neld XbarpPodd nits
using the new data. The process catal ogs (18) categorize all control
charts that control process steps that are capable of being performed by
the various equi pnent EQP-A, EQP-B ... EQP-Z. [0017] In a nanufacturing
operation, for exanple, a foundry fab, fromraw material to product

requi res performance of many process steps. Each process step requires

equi pnent 0 -l iky. A specifjc process step

c gn be péﬂrle? Sérmtné%o%ﬁ ?‘551%@1%}8%& ?%q%épﬁﬁ%t ﬁ%&ﬁﬁlﬂg {hﬁ 8@?}@_@?‘?% E%BB rag% ess

capabi | i t ylassTsd @R Ivih e sPEOFO&Ss §étﬁ@c?lf8?. deposi ting 2000 Angstroms
thick filmoxide on a sem conductor wafef, is one process step. Each

equi pnent EQP-A, EQP-B ... EQP-Z has the process capability to performthe

one process 0%} (Bachreqiipnieathsy EWRDné), or GHEY; fBocess stefd4BAbifitie@Mheol t he
result of.-the one process, step capabl e of being perforned by respective

ST S gy piae e aaany it ootgrer it AL
on - ; ¢

Tt orent BUUFEN el gt Wabdicy sebemottindechdlin (B
t oget her Etchﬂédrt@@on%gﬁﬁdWiﬂlctﬁéﬁuf%ﬁclﬁlo?gjffe}% gro[cgsgjs{% E@@@%@%g gcg)?&ng may

one, or nany, process step capabilities. nany 6

capabi | i t teethe fnventidnas shiri @dddl (2] iffrf 4 ReYariig 6888 o LRhBbIOISTHE a@gjﬂ dpr a

manuf acturing operation, for exanple, a fab, there are hundreds of process
cat al ogs F¥stm 1serizadasicbthavingrone spork neivt ¢hattipeoptertied rdﬁsztsbed hgtbilfnt EﬁrZ (23 ;ﬂ f pr OCFIS s
step capabilities ording to. the invention, a chart nodel or a

t he IOv ar POBEOCW ﬁg@ogff@dm P‘?Y? coptuol ehartproperty. 4pconkglohatproperiesarded by

[ . ' i bed .her ei rocess
23’5?890? %ggdi%&ﬁg%%gﬁﬁ&o? Bﬁﬁgg{éﬁ%ﬁg@ﬁ ﬁwl}ﬁ%f Ch@%r]i]["?‘%ﬂ (@ﬁg&t Properties
ar e ISE grz)eﬂ%cttfo%]%a%h@bfih%\%b dySte i€ BRERdRIORA LI TRScHAE AR Préiedy, A new chart
mode or e

[0019]  The SPC systern described by US 5,862,054 collects process parameter
data for each process batch and computes an average value for each parameter. The
average values are stored as historical data that is used to determine the control limits for
the various control charts of the SPC system that control the process. When the control

| himits are exceeded, an alarm can be activated, and the process is interrupted for _
debugging. The present invention avoids false alarms and late fault detection becanse of
an ineffective contro! limit that has been set too tight or too loose. According to the
invention, a chart model (22) for the control charts of the SPC system is extended by
having one or more new chart propertigS. The new chart properties are based on

: performance benchmarks. All the contro! charts in the same procéss c'atalog (18) have the
same performance benchmark. Thus the same performance benchmark aligns each

control chart in the same process catalog (18) to the same level of process control.

[0020] A new chart model (22) for tﬁe control charts of the SPC system is
extended to have a Control Node property, which is one new chart property based on a
- performance benchmark, synchronization frequency defined in Control Node. The
-synchronizati'on frequency refers to a repeating period of time between repeated reviews
- or checking of each control chart. Checking each confrol chart involves deciding to |

. change one or more of its performange_benchmark control limits based on calculations of

. ‘5;.




control charts of the SPC systemis extended to have a Process Catal og
‘property. [0019] The SPC system described by US 5, 862, 0512 kebryasy 280%r ocess
paranmeter data for each process batch and conputes an average val ue for
each parameter. The average values are stored as historical data that is
used to determine the control |limts for the various control charts of the
SPC system that control the process. Wen the control |imts are exceeded,
an alarmcan be activated, and the process is interrupted for debuggi ng.
The preseplisheRhL OBy B Riodtroldt ARiACAIER, P8 Indvad 2. Tothid walg tieabitesl because
of an ineftective control limt that has been set too tight or too |oose.
Accor di nghh® i§ figchronivedtoithoptamah aedformaded of(hegquipment fos theamiedesd stéhar t s of
the SPC systemis extended b havi ng one or nore new chart properties. The
new chartbcingd}wtmllﬁlsbjdh@c@é@iéhf’éh per f or mance benchmarks. Al the control
charts in the sane process catal og (18) have the sane performance

b h k. T th f h ' trol chart
n t he sane DV B eoSekatas SomeReprrgn Henenmpe SR SRR IR o
0020] A : f I fotandeRe t [
Eaxt e n!jed feﬁqWﬁrgJ\}gﬂa% h@%&@@ﬁ%ﬂé’?@gﬁ gteé}e?%iog Eﬁ%hg%é;ﬁ%\ ew csﬁar ? S)p/)f o;e)cran r It ;s/

based on @ntrEEsHABTRIRE Bor HERCR1Bdsk cortsod oeranpracess rsulf. Nrmermoytrdshithed i n
Control Node.  The synchronization frequency ref eédz to a repeati a%bperi od

of tine hentweln oriodpress, theicontol chart sateasnghroniZebeRTICBFRk LB EVEY,
Checki ng each control chart ipvolves deciding to _chan : re of its
per f or marfclish Sigavengy p(alg%ﬁqngppq:haﬁtﬁ ?‘%r &R aaq:'nqjl;egfs 8@5?’?%&%9%%%'
February 2007, .stat]j sti FOSber' h15d, O6) afpBad @, 1.e.,
new dat a.° Icﬁn?ﬂ?psa%%%rgg%eﬁa%%?%gﬁ%q%%grt |ser§§l§%?%2?§e’d to the opt i num
per f or ma @qru@ﬁC)F SEnRd wiRiRNidhdFequbRyRraResss allocped tb tiengniarchartsl thed by t he
control chart. T70021] Selecting a synchronization frequency wll nqw be
descr i bedegifiecritical process control results Lower frequency values are allocated to the contro

charts that pertain to less critical process control results.

[0022]  Further, the same performance benchmark aligns ail of the contro} charts
with the same process catalog (18) to the same level of process control. This is done by
assigning a consistent control limit to each of the control charts with the same process
catalog (18). According to the invention, a consistent control limit for each of these
_control charts is calculated as a percentile of the control limit vatues of all these charts.
Thus a consistent control limit, in the form of a cﬁnsistent synchronization frequency, is

' calculated as a percentile of the synchronization frequency values of the charts with the

same process catalog (18)

[0023] A new chart model (22) for the control charts of the SPC system _is
extended to have a Controi Method property. Another chart property based on a
performance benchmark is a control limit based on a statistical deviation defined in -
Control Method. In the past, control limits for an SPC method and system have been
: éxpressed in terms of (+/~3) Sigrria of past sampled data. Because control charts vary as
to type, the control limits expressed in terms of (+/-3) Sigma are not well defined or well

| confrolled for all types of control charts. For example, an equipment that has a particle
~ count tolerance of 50 particles, performs a process with a conirol chartlfor a particle

count. When a statistical distribution of the data for past particle count is stable, around a
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frequency can have a wi de range of val ues, depending on the relative

i mportance of a control chart to aimfor tight or | ooselZisreasy2e@kr a
process result. Wen a control chart controls a critical process, the
control chart can be synchroni zed every week or every day, a high
frequency value. Control charts for general paraneters or for w de range
variation of control paraneters can have a | ess frequent, or | ower
frequency value, for exanple, a frequency of three nonths. H gh frequency

val es alRliiRest &dad e LRI Habn SPAT S BMorgl A0 £97 Glleh] Cal pr ocess

control results uency values’are ocated to the control charts
that per texpresded ab 883 C8ibrhh GRkh BEORRS Sinfi0iB kétabo figRUA barticleQ@dsd offfukiher , the
sanme performance benchmark aligns all of the control charts wth the sane
process oxredddbe ¢ongp! hmit fordhesemmipnhent whowsf papiicke esmt folmdacelis 50Thi s is done by
‘assigning.a consistent control limt to each of the control charts with the

sane proces catal og (18). According to the jnvention, a consistent
control Ii miqozﬁﬁr dxecprdme o fednventiom@msl optipklanit hasedipr asiatisticahs a

Const ot erfer e PERESAMEAl T hert PR oot PSR R o YR o

frequencysfrt oe%h ' t WA | l,Qn frequency
val ues ofoft(hlg3 %ﬁ%ﬁaﬁkﬁ t '? ﬁl‘eﬁogﬁjﬁgq’%?g%ﬁns@é’caa%%‘ﬁglg ”f@"}hf%%dé@] A new
chart nodiekcribda parftiole coine icapiphial 2 sdvacdmrodimithaluBREIRY perentile, whish @nded to
have a Control Method property. Another chart property based on a

per f or markeecdsayrestainiiral idsviationod iheoitatistipd] datade eet aanore e8tchiveslopseadonttel/i at i on
defi ned ilw ..Control Method. In the past, control linmts for an SPC net hod
and systeffitlave been expressed in terns of (3) Signa of past sanpled data.
Because control charts vary as to type, the control limts expressed in

e o o 2H002sp ™ FRffer At b BerflEhEDCALU ) b b EehaliOGiAl | L YDeS

of "contr ol or exanp ‘an equi pme : a particle™ count
t ol er ancehfan®hroedst t2A16S(1 SPRItheEdike Bydl 0P pRTEss\bbARDIATIEO N dRk bghart for a
particle count. \Wen a statistical distribution of the data for past
particl e aspgmng asonssidnl eoniml mmiido each of the control charts with the same process

catalog (18). According to the invention, a consistent control limit for each of these
control charts is calculated as a percentile of the control limits of these charts. Thus a

~ consistent contro] limit, in the form of a consistent statistical deviation value is calculated
as a percentile of the statistical deviation values of the charts with the same process |
catalog (1 8).7 |

[0026] A process according to the invention is to extend a control chart model

(22) to have new properties defined in Control Node, Control Method and Process

- Catalog. Values are defined for the extended chart properties iﬁ_Control Node, Control
Method and Process Catalog. -

[0027)  Further, the '-pr_ocess according to the iiwention is to calculate a new
| don_sistent control limit, in the form ofa consistent synchronization frequency, as a
statistical deviation of the values of synchronization frequencies defined in Control Node
for the contro] charts with the same process catalog (18). Another nevf consistent control
limit, consistent statistical deviation, is calculated as a statistical deviation of the

| s_tatisticalr deviation values defined in Control Method for the control charts with the same‘. L




-6 .12 February 2007 peak value of 5, and its standard deviation is 2, the
upper control limt is 7, when expressed as (3) Signma. rebaapa®iol |imt

is set too tight. A particle count of 8 will exceed the control limt for
t he equi pnment whose particle count tolerance is 50. [0024] According to the
invention, a new control |limt based on a statistical deviation of the

statistical data is particularly inportant when an ineffective control
limt of (3) Sigma is too tight or too | oose. For exanple, a control chart

for the 318@}4% cal i §)Pedsd@mkisehteongtimitsare asiggad the cavespandingol | i ni t

val ue of percent’ile, which is based on a statistical deviation of the
stati sti gidrisdeitiatht sanseprocessoatelog{f@cti ve, | oose control limt. [0025]
Further, the same performance benchmark aligns the control charts with the

same process catalo 18) to the sane .| evel | of 0GEesS his is
done .Ey as 1038} ngF'g’ﬂl(%ﬂ)ﬁF%@éﬁbafEmp?@Fs ]quﬁibFe“tc%Ee@g’Ecﬁ a%‘?ﬁl‘tg%@%é%er?t?r ol charts
with the sa pr.oces catal o 1 i i ion, a

consi st eﬁ?ntgglliﬁgl ayq 9peL aﬁsbgnegatﬁlﬁgg? Séﬁ%gg‘q H?z%ﬁ%f%l ct%irﬂtﬁgrl?és cal cul ated as

a perce n%b%ﬁﬁ?%| Jg%ﬁhﬁ% gngbb?hgm@ aah it dresied shara fequityof aevieonsi st ent

contr ol e a consistent statistical deviation value is
cal cul at @gherRmed b He@ORidtm spichtdntzativn fiequencipof tecando] drarty abemitis ¢ he

he. i nverhs mw dxa diegheney dalsoor Sieraopviavaties st Rai A e, " 1
el o arct subrcigy e rrpeasebranm e i ittt Sodopiais. 10,2 00
Fo the. 1 AErSn R b A R s e B e Pt i the
form of c¢RRsH §ilestor SN BEMsGHtiZiAL sane froeess eatelpg (18 Thus, All such charts are
|  found by retrieval by the SPC system by the computer (10) and a new consistent control
timit is decided, based on a percentile of all the new control limits. Thus, equipment

performance and the contro} limit become synchronized.

[0029] A preferred embodiment of the invention has been disclosed. Other

embodiments and modifications thereof are intended to be covered by the spirit and scope

of the appended claims.




stati.stical deviation of the values of synchronization frequencies defined
in Control Node for the control charts with the same prbt #52800g (18).
Anot her new consistent control [|imt, consistent statistical deviation, is
calculated as a statistical deviation of the statistical deviation values
defined in Control Method for the control. charts with the sane -7 12
February 2007 process catalog (18) These consistent control Iimts are
assigned to the corresponding charts with the sane process catal og (18).
[0028] Fumiaels.cléfbgfs: t he chart properties have been extended, and the
consistent control Iimts have been assigned, the SPC systemw || coll ect
new data fromthe operations of the foundry fab. The new data is checked
with a frequency of review determ ned by the consistent synchronization
frequency of the control charts that control the new data. Using the new

Chart s and arh bl offachth Ak o RinniEty Bbdor e e one St eR S hew contr ol
limts. GinesbclneMfosi abtistibdl Gaced@bhRb] @&etégk@ﬁsgqglg Qgﬁ%@?@ é\nﬁgﬁnﬁﬂ‘%nge to

the consistent statistical “deviation val sane

process cthavethechay pbertics, sbittrod node, chrtral sacttiod anfl prooeks Rtalddt edigmadndy the
SPC system by..the conputer (10) and a new consistent cont rol. limtis
deci ded, HFASEHENR caniF mediodianswapnsistentiasatreldinnit based of sthiisticakdevidtion,

equi pnent er the control limt beco synchroni zed. [0029] A

- p?g:‘ gr r ed()fed%o?do(%’lﬂ]ﬁrr\an%E bng%ﬁﬁ%l cﬁﬁ@fe‘ﬁﬁ&’ﬁ SARS PRRCEST C3tas %@ng@fher [ !
enbodi men¢dpsiatad: NN | t e.cpvered. by the
spirit and slcopemg?f%%ﬁdaﬁ%ﬁggﬁhﬁéﬂé?@%}ﬂ%gﬂ%g%srcug?%’ f@ﬁmg\%ﬁt is

cl ai med imew data with a frequency of review determined by a synchronization frequency of the -

control charts that control the new data; calculate new control limits based on the new
data controlled by control charts, assigning the new control limits to the control charts;

updating all control charts with the same process catalog with a new consistent control
limit calculated by using the new control limits.

2. The method recited in claim 1, farther comprising; classifﬁng the control charts

ol the stafistical process control system in different pi'ocess catalogs corresponding to

different equipment capabilities.

3. The method recited in claim 1, further comprising: setting a higher
synchronization frequency as a control limit of each of the control charts controlling a

critical process result.

4. The method recited in claim 1, further comprising: setting a lower

synchronization frequency as a control limit of each of the control charts controlling a

less critical process result.

5. The method recited in claim 1, further comprising: calculating the new control

lmuts as a statistical deviation of the new data of all charts with the same process catalog.




1. ‘A.nethod of synchroni zing equi pnent performance and a control |imt of a
control chart for a statistical process control system lEdrabriars20@y
extending a chart nodel to have the chart properties, control node,
control nmethod and process catal og; calculating according to control

met hod a new consistent control |limt based on statistical deviation of
data controlled by control charts with the sanme process catal og; assigning
the consistent control Iimt to all control charts with the same process

cat al og; 6¢checKihagndiad rediiedvirdehian 1y fatther comprisiagojassifymgsguguneiét er m ned by a
synchroni zation frequency of the control charts th%tgﬁior}trol t he new dat a,
cal cul at eapabilitiesite paform;differentipsacsgses Y CHRET éﬁﬁltsc?éfhg EHPPEEDY cont rol
charts, as ignin the new control limts to the control charts; updating
al |- cont eru%qrggesw%f’&she same process catalog with a new consi stent
control Iimt calculated by using the new control Iimts. 2. The nethod

recited in claim1, further conprising: classifyi n%,t hg}@cont.rol charts of
the stati7sti calhepmathnelyscitedin eloim 4y ferthen qompaismgeialuiating BESOBSIE | ogs

correspondi ng to, different i.pnent..capabi lities, d recited
in cl ai meentre %@Plﬁé%ﬂ%ﬂﬁafc@étﬁpmﬁngﬁipﬁ%ﬁs}s:cgtg}y?gé%;%@}l@ %n f requency
as a contyol .l lnit. of : sheantrolling a critical
process rgéagﬁfl?aflg‘ﬁ‘ha%?ec’?%ngt egggnﬁrg@?@fe%gfol&gﬁ%f%?ﬁélﬂlﬁgu” her conpri si ng:
setting a |l ower synchronization frequency as a control limt of each of

th trol chart trolling, itical | t..45 Th

ot hod (ol t ot e if BT dr FERRCPTHE ERPANE GO TR cont ol
limts. . statj stical | at i . Il chart ith th
came pr ool AR b ol W RATGE Rotba ol 1 charts with The

9. The method recited in claim 1, further comprising: setting a higher

synchronization frequency as a control limit of each of the control charts controlling a
critical process result; and setting a lower synchronization frequency as a contro] limit of

each of the control charts controlling a less critical process result.

10.  The method recited in claim 1, further comprising: providing the chart model for
 all of the control charts of various types.

11. AaSPC system comprising: control charts confrolling different process steps; and
a chart model for all the control charts, the chart model having a Node Type chart
property in the form of a synchronization freqﬁencjr determining a time for reviewing
new data for calculating new control limits of the control charts, and a Process Catalog
chart property classifying all of the control charts controlling a same process step in the
same process catalog, and a2 Control Method chat property in the form of a method for |
calculating a consistent control limit using the new control limits of all the control charts

with the same process catalog.

12.  TheSPC system recited in claim 11, further comprising; all the control charts
corresponding to different equipment capabilities being classified in different process

| catalogs.

~10-




6. ‘The nethod recited in claim1, further conprising: classifying equi prrent'
capabilities to performdifferent processes by control cHafqbsuasy 20ke
different processes in different process catalogs. 7. The nmethod recited

inclaiml, further conprising: calculating the consistent control limt
applied to all control charts of the sanme process catal og by calculating a
statistical deviation of all the control limts for such control charts. 8.

The nethod recited in claiml, further conprising: replacing (3)Signa with
a stati siBi calThd8PCaystamrezitbd il clsholl, sther emirsilg: theMhctealiestoat i on met hod.
9. The nethod recited in claiml1, further conprising: setting a higher
synchr oniZeIREnSHS PRIRg s@ Meherior gorftod chasts contmllingritisalgirondss tésaltcont rol  charts
controlling a critical process result; and setting a | ower synchronization
frequency as a control limt of each-of the control charts controlling a

| ess cri tlical The SP€sgsionesaelied inldlaimTTie fFdich@fhRRist 8 siitibdbiod, further
conprising: providing the chart nodel for all mg t he’ control charts of
vari ous tipgaancies beinpget Bmer Syrarontrolahens émitrobing dasmtritidal phaedsseatmt rol | i ng

di fferent process steps; and a chart nodel for all the control charts, the
chart nodel having a Node Type chart property in the formof a

~synchr onil3at i Qhe SPEQHEACKCEST BN Hif i Qe I eview data for
cal cul ati ng new control |i m&%% of tﬁgﬁhﬁﬁpkgﬁg?@ékgﬁdnﬁggow&ss Cat al og
chart pr dpogralodhiad as £ stitistcalldeviafion foemedby thehewldaat s control ling a sane
process step in the sane process catalog, and a Control Method chart
property in the formof a nmethod for calculating a consistent control
limt using the new control limts of all the control charts wth the sane
process catal og. 12. The SPC systemrecited in claim 11, further

conprising: all the control charts corresponding to different equi pnent
capabilities being classified in different process catal ogs.

~-11 -~




-10' 12 February 2007 13. The SPC systemrecited in claim 11, further
conprising: the synchronization frequencies being set HiQQE‘F@FuaFBPOQ?ont r ol
charts controlling critical process results. 14. The SPC systemrecited in
claim 11, further conprising: the synchronization frequencies being set
| ower for control charts controlling bggﬁ g&'ti cal process results. 15.
The SPC systemrecited in claiml1l, f B onprising: the new control
limts being cal METHOS]AND SYSTAMI BORCA¥NdrRORL % NG f conerbbyr, tiyer new dat a.
-11 ABSTRACT METHOD AND SYSTEMNBCROBYRMEROUNPERNGRMCINIIROL LIM T AND '

EQUI PMENT PERF i1 trol
a & g 28 A o B R ARl 00 (22)

chart of an S equrpnent pé&rfornance

Wi th new gfiphertpefBiidneShasa diBi Redel (02) withhew ki prapettiespatetiod farmi t based
on a statistical deviation, a synchronization frequency for setting a tine

for revi evdloujatinea aatral kpait hesed on lastatisticabieyiations esymckanuizatiquritaguensy cat al og
for categorizi,ng all control charts that nt.r the sa rocess step,
such t hat 1oF p&iting a fimedpr eRiswing %@:{5@ rgcggy ﬂ@%%gﬂ"ftﬁﬁrﬁgﬁtfﬂf?wﬁ%e same
“per f or man : [« L m i 1St med by
data for '%%?‘l?g iﬁ%%ﬁﬁi@%ﬂj@%} c@ﬁéﬁ%g@ ro l la%:éﬁ%;ﬁ ’E @%Gésts ?@Péﬂh}({@a{tﬁé

' control charts are organized for assignment of the same performance based control limit

calculated by using statistics formed by data for conrol limit values of the control charts.

(FIG. 1)
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