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 W@W@? é‘ﬁg‘%@?gﬁmﬁ& égﬁngéﬂfconduct or

waf er process machi nemyyirt anb BrMERE PRRFO cable 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 production control conputer. The data is. used to
determ ne process control | iFELD QETHEIINVENTIOMds in the characteristics

O e P R oofe RREF BR SN Fiss e RO Cahgares: rdeh SECaBRietn.
process p&am&@m&@ﬂi &R B3y B P utcH Ifee}c%ﬁuw @@I@E@E%M] Each

“manuf acturi ng s manu act uring execution SysS

process reyodirorezeys contrpl chvit dhdeqriger hagastmpar anet er 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’n‘ﬁb i:]gn{’&ébdﬁ%{ﬂméﬁs %@Bﬁﬁf)ﬁﬁﬂ@‘?@m%@mﬁéﬁl fovteahl ar ns t hat
have occ t ta L shown t.hrough the GU .

[ 0005] Thﬁgﬁ 8%§§éontgj§ﬁ}§ro° rr%%% %1}{5%1}[8 n%% b %lo%eﬁ WCW%bg1’cal data on

the produglipSRniC Sthé SmeABRPHIE R mit BF SifeaPY 0Phaltifds CThe Slsteflpfs@ can be
inmportant in the

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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-1 12, February 2007 analysis of problens |eading to poor yield. Wen
debuggi ng a particular process on a particul ar machi ne, 12¥®ragsnee®t i ng of
-that machi ne can be stopped or started without affecting the nonitoring of
the other process on other process machinery. [0006] An SPC system uses
control charts. For exanple, the use of control charts for an SPC system
Is disclosed in US 5,586,041. Ina factory using an SPC net hod for
controlling conpl ex process steps, nunerous control charts are in a

cor r espongahgisHerotiasd lefding-@rpoex figll. Wheh et gaiger pupticalar beessapat y t housand
control charts in a foundry fab. Synchronizing the control |imts for
various cpeaticulan madhinghthy mbsipriegiof that reashiviersam be stopned o frgied Wishothince of

di fferent ui nt, .i..e., chines, in the foundr ab.  Synchroni zi ng
control‘lﬁéﬁ&@gggﬁn WFB&Qf@EQHF§P$§ﬁ§HHé¢ Bﬁ§ﬁ¥§é§&nﬁgcause these charts
are nunerous, and are different chart types assigned to controlling

di f ferent pr@gg@Ses%%?@%&te:ﬁ%es%%ﬂ&&%{h#ﬂ. ot SxaBfil et Lt chs Y

statistical ort ~assignrng e ‘'con Tirmts

synchr oni gedn SPO s9éteth@s 8i8€0dcd e TSI 1586,0811 CRIY fabtbry isifiglan\¥PE méthekfdron dat a
froma single equipnment. The single equi pnent was not always equal in
per f or manmmtnoiling commplax peopespsiens; minherouswmtol diertsamin pramspnding lity.

222?‘%%23 Pk, Ba%'r?'saia&'»‘éé,é%& %*é%aié%%hﬁw%ﬂ#w‘ R Y A ng 5o,
F , ey [ . : 19l fo: T
control 1P Sl e B SRG Kol RRng Sl Bl BRe e e D, T

equi pnentoﬂtg?%?)teﬁ@ﬂhﬂﬁ%f’(ﬁﬁ‘ereﬁaé Sfnftn@ i B5 ibhibcd, BSML foun@d\m.Ng viest ed

debuggi ng s. The control | t assigned in this manner may be set

t 00 | ooseSfruhroatiting contrglilimite fur varioushohaftoisad aydubedtasi\besansetbese omrtsol | mi t
Is set too |oose, fault detection will _occur too |atg to avoid rework and
product s¥eapmenyngsand gradiffereat chart{vnes gprigned do eorrolling ALifgent PGEHhot  be
based on statistics gathered from equi pnent and processes. [0008] Prior to

he i i hod and.a. . needed f hroni zi |
i of vaonefl " C R e R R e bR BB "Concrol
Limts negQetiddmd Eortiol ARd t'hd HmbRbALLATPHIPR RAFRENRRA, SEdhbPlimAyvadsor med by

new
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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.




data. -2 12 February 2007 SUMMARY OF THE | NVENTI ON [ 0009] Synchroni zati on
of a control chart and equi pmrent performance is perfor ngd‘ebruay 206k
determ ned by a synchronization frequency, a new control chart property,
and by calculating a new control limt for the control chart based on
statistics formby new data, while using a calculation nmethod defined by a
control chart property, Control Method. [0010] An enbodi nent of the
invention is directed to calculation of a consistent control chart
property for all control charts controlling the sanme process step perforned
on different equipment. Th%%m%%@m rt property is calcul ated

avch cont r o6, SRR ot b A BhirP i cSRipneR! B ek S
per f or manggfobaatftmBike dd@Rinkh ofipRfed Pfa ﬁe@récohﬂgféﬂi on is

. R
directed to a chart nodel forbgll the various types of control charts for

an SPC sypropsarty, aihkbictadnuiating datw bhestral dimitfoa e copiréiRBst hbRSd ol staBimad f or
- cal cul at |§g¥$ control |imt based on a statistical deviation, a
synchr oni YRCY dalguwhidsusingra calslation methaddefinest by eednirol oigripevpatat a -

gat hered (2%1#2@{ ﬁPﬁ system and a process catalog for categorizing all
control c control the sane process step, such that the control

charts are o_r gani zed for assignnment of the same control [limt calculated

harts it hERL o2 ARl o P b Bicn e B GRoBi B S CR B RAW o

of 2. process port o Bed on L e e ey AT e S broSSpiep peffofiylq 0 1

Febr uar y oagbfferent equipment. The consistent control chart property is calculated as a statistical |
deviation of the contro] chart property values of all such control charts. Then all such

control charts have the same performance benchmark.

H

[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 catalo g.

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. ' -




DETAI LED DESCRI PTI ON [ 0014] The present invention is a nethod and system
for synchronizing control linmts for optinum equi pnent l@dreborarnde®. [ 0015]
Fig. 1 discloses a process paraneter nonitoring systemof US 5,862, 054,

for use in real time SPC. Accordingly, an SPC systemis disclosed by Fig.
1. A process control conputer (10) is connected to wafer fabrication

machi nery (11). For exanple, the wafer fabrication machinery (11)
represents nultiple process equi pnent, for exanple, EQP-A EQ-B ...
EQP-Z. The conputer (10) conDETASLEDOESCREIEON15) which is used to ,
col l ect new process paraneter data. The data is Psed h&cor&ute arameters
for SPC anH0}4] s, Thesprgeant inyention i A@ethadand sysias 105 SYRCREONARECONERL conput er

(10) 'is connected. by data server (12) to the conpany wi de network from

which th '5&%%?@“@%“‘%@ QEYX % the manufacturing execution system

MES (14). [0016] The conputer (10) can access various data. For exanple,

the conpute 0) | ; kiterh BF UL ARemGHI ne (11)
016F?) EPT GRSRRST b gtont hicEhgcl

by an 1D (I q ) splay each desired control chart and

its | D wiggiuss ibfealiehs SPAL AdcaalifdP) anBPC btennivdistlosed(bydig. IFdrprbeass t he
conputer (10) inputs new process control paraneter data_gathered from

oper at i ocontioltcompeiguilPisreontettey fo aalkr Habricalionasachingrit (16). Fanetarplofer ti es
dat abase (3%0) for .the '

t ho o cal cul ate .new contr.ol limgits using the new
data. Th& ??rfé’%%@%’&ﬁ“gﬁ%&?](IEWIESSPQW?QEPQF?SSEEB‘HPIPSW’{Sﬁsjf%ﬁ%’hat control
rocess At ar I i M | equi pnent
Bep - EXSER, BORR.L: BOriZ O GnRluck PONSEh: POME g1 Mo pOUSO B  P P
foundry fc@ﬂecthé@g}dcéé’é’paiﬁie@éridﬁia.‘[‘He@zft@_ﬁm‘séd foRapliR papeictes fr§BE of many
process steps. Each process step requires equipnent to have a specific

process aaggis, dstmell adteindicateitengs aitbs data Bys compuige(1 Opisicomnasied byidlp by

equi pnent that has the specific prqcess capability. FE exanpl a process
step of , sepbdiZi forihe euminRAgds IFQSWERQ E@@Wﬁ?&fﬁ?%@%’éﬁéﬂ&g‘% @‘fﬂe“(‘,ﬁﬂ ctor
wafer, is___ope process.ste E I prent EQP-A, EQP-B ... EQP-Z has the
process &aﬂg'%f‘f' "gef(%cuuﬁléﬁﬁée%ﬁﬁ%%gﬂ‘e process step. Control charts CHRT-A,
CHRT-B .... CHRT-Z control the result of the one process step capabl e of

bei ng per f ofgmE) bY ThE SHRGENEG0PEH RBBRE yakddEdata. 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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A EQP-B ...EQP-Z. ‘According to the invention, the nmultiple control charts
controlling -4 12 February 2007 the result produced by H ¥Febspasy20@qui pnent
perform ng the same process step are classified together with the sane
process catalog (18). [0018] Each equi pnent may have one, or nmany, process
step capabilities. The nmany process step capabilities are classified in
different process catalogs (18). In a manufacturing operation, for
exanple, a fab, there are hundreds of process catalogs (18) created to

correspon | ’ ' [ rocess step capabilities.

Accor di ng%m\t,}dgg 4 Heg@ﬁ{%ﬁ?@gﬁ?&ngé%@fﬁ %H?R%E%Fﬁ?gzﬁf S$8F PIQE?SS F%B Afari ous types
of C0ntr0|cla§§i@édt%géllﬁertvﬁ&tﬁé’gﬁmespfﬁéﬁﬂbdtﬁo@gltgz.nded by having one or more new
chart properties described herein. A proceés catalog (18) is a new control

chart property. Al control chart properties are stored for retrieval in a

chart proper [00¢8] daEahageipff)mayhavewne vamianyatetess 2 caggbi]iﬁﬁﬁ Thgont r ol
charts of-the SPC Séstem |.s. extended to have a Process tal og property.
[0019] Th&wBpprosesssismeapabtitien a clapsibsl By dffereniproesss tatedogs (ABpdeas par anet er

data for h. process hatch and co t an average val ue for, each

par anet er .ﬁ%%%%g“%?l’aed%"%}a % g%angq‘i% %E@%" é@%ﬁP‘i@ ofpppcesneaialoEmtl®) s used
to determ Y ' ..charts of the SPC
system t Eg{&ﬁtggﬁcﬁdg%ﬂ%c{?g Wﬁ{rﬂotgée%@?d}%grﬁ ééﬁ?gfr?? %%IS&B{alaﬂﬁﬁ%k%ueﬁ‘r CQEB_ded, an

al ar m cantdibe inventical @ charbinoddl (22) Bregiehs virfouk Rpes 5Luhasl dHafts ofglUgY ng. The
present invention avoids false alarns and | at'e fault detection because of

an i nef f eBYstope1seatendes) byl iaving onh at mivesneveeharipedpettins descgbed bereinod | oose.

According_to the iﬁ%ntion, aq%galirlt nmodel (22) for_ the control charts of
the SPC sPEOFEHHCRlogil&itRRcw gontioh chastpraptyo All forizolchart prapertiesatmer t i es. The

h | f b | th I
Char t 1 n“PRATE R R ol Had e RN AL Chdr OBl e "

benchmar kconﬂmmshﬁ'tb@f&%@&%t&ﬁﬁﬂ&ﬂéﬁe&%‘ﬁﬂ%@o&k% Q&t@oﬁgﬁgbe ontrol chart
in the same process catalog (18) to the sanme |evel of process control.

[0020] A new chart nodel (22) for the control charts of the SPC systemis
ext ended to (8814 a TeHRhéyshnciesoiteddyys 5,860,034 dotlest prodew pahahdtedr Operty

based on aata 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 because 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 control 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 Contro} Node. The
synchronization 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;.




performance benchmark, synchronization frequency defined in Control Node.
‘The synchronization frequency refers to a repeating peri2dibsfary 28@7 bet ween
repeated reviews or checking of each control chart. Checking each control
chart involves deciding to change one or nore of its perfornmance benchmark
control limts based on calculations of -5 12 February 2007 statistics
formed by the nobst recent historical data, i.e., newdata. In this way, the
control chart is synchronized to the optinmum perfornmance of the equi pnent

for the RESEESStoRhEPLy BE I SOM hRlcHeA dats, | Acndiodid O thihasy, thelo0OR]

Sel ecting a synchroni‘zation frequency w I'T "now be described. The frequency

can have ghamigigmeaogiesdblo thaoptisum gerferndnemofihe equipmant B theeprpeepoiidance of a
control chart to aimfor tight or |oose control over a process result. Wen
a cont r olbetigeoontroBethy the sondrod ehart. cal  process, the control chart can be
synchroni zed every week or every day, a high frequency value. Control

h f I . f d | Al I
par anet or 5 J00HavSaeeracs onrbniaton ShERR MR Rt 4 TE “Tor exarm e,
a__frequeney ol &N IRMMhed droiluby, BAUERRY, Hildientind Inpikaearad (o the

control require Tritica rocess control results Lower

f r equency,onabl@Riras ginttdr Gight @dodse coiite] evsta prbcesciesult Whenatcopeolicharh to | ess
critical process control results 0022] Further,, the sa per f or,mance

benchmar koatrolgrascrisichl ppdeessy thecontrelshart a basynghronized @ eRawerk i §%E¥ 445 at al 09
18) to the sane |evel of_process control,. This is n L.ani ng a

Conbi st erf high HEABIIOY Ve, GENBL RIS ot R aens bt Bt ipecRddd 0

process t C [ [ MGt ' lecont r ol

P 08 o ST Shet ey SR s tRah el dr IR éltcgﬁggésl%gls%g% entile of

the cont rglohey 4f ik wemttefl Hahl frdqians valas irs allochiudso theconsolshatstthaont r ol
limt, in tqne fform of a consistent synchroni zation frequency, I

i's

cal cul at edquise eritiral preness bentuil reshiés Eywertireqnencatvales are aberelreyo thscom®olof t he

charts with the sane process catal og é%{r%éul{soozg’] A new chart nodel (22)
|

for the cawttsthatperiain tp legs qrigalgppsess ext ended to have a Contr ol
Met hod property. Another chart property based on a

[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

-6-




performance benchmark is a control Iimt based on a statistical deviation
defined in Control Method. In the past, control |imts ¥ofebswrrg@@9het hod
and system have been expressed in terns of (3) Sigma of past sanpl ed data.
Because control charts vary as to type, the control limts expressed in
terms of (3) Sigma are not well defined or well controlled for all types
of control charts. For exanple, an equipnent that has a particle count
tolerance of 50 particles, perfornms a process with a control chart for a
particle.,.co - Stat 1S4l ' ' ' fi 14 for past
particle pgglhﬁétlﬁ? gf”%ﬁﬁ%ﬁsﬁ&@%@ﬁ%ﬁfaﬁ&;?%%ﬁéﬁg%%%ﬁﬁg%& -gg% Tval ue of 5,
and its séxpréadds ¢eMd BSibaA Sush 2 corths [ith0ie ketGORtiER! A birtitle dofintlof SMEIN
expressed as (3) Signa. Such a control limt is set too tight. A particle
count * of ecesidithe capimoblantit fordhemmipnudnt whosetpatitale ¢dvat felprinoaini0. whose particl e
count tolerance is 50. [0024] According to the invention, a new control
statistical .deviation of the statistical data is

limt based : ‘
parti culharl J&ﬂﬁ@or t%@rdwaé%thaﬁweﬁtlé%@@w\ﬁ@n@@llrlmﬁbmdﬁwstaﬁﬁﬂqak) Sigmais
descr i bod By e SE e st BB insiS b BaoR hetieelive ST Bro s

percenti | g I &pﬁ;@ b S§ LAt f tatistical
data to s'(gt{ /\é‘.’{‘)n%frggiaz? ftect g%‘%f’?"&ééﬁ‘%ﬁ%‘?@@b’ {@%}t@ﬁ%g@&é Eﬁ)rv'? her, the
same per fdesoribed pattielecbor ikassikh@hsndvh eonteh limnétl vaisaf DF.5 peicantilehwhishiE process
catalog (18) to the sane |evel of process control. This is done by

assi gni ncpasedearsssiafisiipal dedafionoif the statistical detadt sefa mave efentive.doossirantrsl wit h t he
same proclllelﬁﬁ catalog (18). According to the invention, a consistent
control Int for each of these control charts is calculated as a
percentile of the control limts of these charts. Thus a consi stent
control |im in t | St atqg St rat.i value is
calcul at ed [%052 5<l:1 peﬁ%%%%%%&mgﬂﬁ%tbﬁg%@]‘ Ej']Elo'ﬂ%j]\% ;ﬂi;etar%ogﬁ-gy%%%tggﬂtgf t he
charts wthiganitepro e calSEESPio tﬁ@é@i@lﬁvﬁb@?mc&s@@%ﬂ‘olﬂlﬁé paRme bgccording to
the invention is to extend a control chart nodel (22) to have new

properti exssigahg aeonsigenCeontnoblimitdel each@d titer cobitrivethhrisiwith theRamegsscess

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




Catal og. Values are defined for the extended chart properties in_Control
Node, Control Method and Process Catal og. [0027] Furt hekZ Febreary2@ess
according to the invention is to calculate a new consistent control limt,
in the formof a consistent synchronization frequency, as a statistical
devi ation of the values of synchronization frequencies defined in Control
Node for the control charts with the sane process catalog (18). Another
new consi stent control [limt, consistent statistical deviation, is

cal cul at Efbc%% cﬁtaﬁg%ii\}e)sltﬂe@éongi@ﬁéhﬁédn&ﬂl lrhitd 4ve assizined tosthé cartespldingt i on val ues
N Con

defi ned trol thod for the control. charts with the sane -7 12

Febr uar y cRAR Avitlptho sassproadsataigiog (). These consistent control lints are
assigned to the corresponding charts with the sane process catal og (18).

[0028] Further, after the chart properties have been, ex ; d the

consi stent [09238} r oFuttheniafisr tha¢ ﬁ@aerag%hadﬁg&?ﬂeﬁ-?@g%@i@gggf%“ﬁ | coll ect

new data fromdth operati ons : a i s checked

with a f P%f(fgmgélpv Fé%lgn&g’ﬁ%? #ﬁé@%@%ﬁé&%ﬁ?@éﬂtﬁ%ﬁm oni zati on

fr equenC#&{aﬁéﬂ%fﬂ%%ﬁ@rz%@Tﬁénéﬁéﬁta GQibsiRt witihefraewmayalf 2evidssi ng t he new
sta al de

data, ne I'sticC iation values are cal culated for each of such
charts, gp@rhed bpaReskdistalt syachsirgmtidn frequnchoishaeanirobehart i) o control

limts. These new statistical deviation val ues pnight r ir ange to
t he consitist maw dats. dfsingthengw dafasaest St@ﬁtl‘éaz |dg}ga’$qprva£ﬂcg a@ﬁaﬁﬁfé{e\%??r%a&ﬂ e sane
process catal o 18) . Thus, All. such art [ f lbeval by the
SPC syst @FS#Af » ﬁt"‘?’?e“(t&"ﬁby aéﬂgncgl ﬂéwﬁﬂc@ﬁ@ﬁ assttgﬂfg%g%%ﬂrhg} mﬂ'ﬁ%{m t is

deci ded, -base paHcant | b Wb KR cohsisteht statidtivak,

equi pnentﬁef)eetgef“gé}%}isggagdgﬁgﬁﬁ?gaﬁg%r???ﬂglr%@mt l%%gggrre sc;/)nclhr oniazed. [0029] A
pref er r eqeoahos v or all clidte withvide tarmnproasss batelog (18 Thus édl such phats are

enbodi nents and nodifications thereof are int %Sg‘%g to be %%(\égregr Py t he
spirit arfoustppretievl byribe SPO syvten b the gemputes (1 BRI FRSIEEEHCONUIO

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.




What is clainmed is: 1. A method of synchronizing equi pnent_perfornmnce and
a control linmt of a control chart for a statistical prbcEesuzgdppp)

system conpri sing: extending a chart nodel to have the chart properties,
control node, control nmethod and process catal og; calculating according to

control nethod 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 limt to all control charts with

the sane WHRERimadal 09; checking for new data with a frequency of review
determ ned by a synchroni zation frequency of the control charts that
control the new data, calculate new control limts based on the new data
controlled by control charts, assigning the new control limts to the
control charts; updating all control charts with the sane process catal og

ith i L. 1 Lm lcul ated b i t hy trol
Vimite, ot Thermtiitpt St Bzing Adlomdil pEt Haiat AR 0P8l ase v ng
the cont r edntrehetidriSfor @ftafishEal HrdblstohGal syBELRC ?ﬁ%ﬁ‘?ﬁ%ﬁ%ﬂ@a@% B ol er ent

process catal o%s corresponding to differen 3. The

met hod r e®haweltherchatt pioperties, Cottohrodes contral sisigd 286 bidcag cataltgdbAEulating
synchroni zati.,on frequency as a control limt of each of the control” charts
cont r ol | i #R§OHmEtpicontzol meghod aaew comsisipmt controtimait haset oulsteidsticaledbviation| ai m 1,

it of - Sk Pl o At L e AR SFRFiG Halo8 sSngiE bt oal process
resul t. Sconfisnr@honnee ARSuhd) Bhl ek UrhELcLOIRISLNgiscaloul ati ng

t he new control limts as a statistica on L of all

charts windw ddiewitherequancy efreotvalef@mined by bk ym@RoniAn 4L ﬁenc?of fae net hod
recited in clfi m 1, further conprising: classifying equipnent capabilities
to perf or$prHPkeharts hat songekibe aew Agtaalmiait noheomtim! fits hasedichfley s pr ocesses

In 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.




di fferent process catalogs. 7. The nmethod recited in claim1, further
conmprising: calculating the consistent control |inmt apkebguary 2647
control charts of the sanme process catalog by calculating a statistical

deviation of all the control limts for such control charts. 8. The nethod
recited in claiml1, further conprising: replacing (3)Sigma with a
statistical deviation calculation as a control limt cal cul ati on nethod. 9.

The nmethod recited in claim1, further conprising: setting a higher

synchr onigzat i ahehicBideadied asclaine dnfarthdr comprisingfclassifingofquimvectiéont rol charts
controlling a critical process result; and Isletti,;.)bg %qugov%er synchroni zation
f r equenc wapabilities s perfsirm differentprocesses kY gpntra] eharts of g difirentpeo %()sﬁﬂnol ling a

|l ess critjgal process result. 10. The nethod recited in claim.1l, further
corrprisiﬁ]é&er ‘ERF?@F%?}W%' chart nodel for all of the control charts of
various types. 11. An SPC system conprising: control charts controlling -
different process steps; and a chart nodel for al] .the control charts, the

chart model hdaikiemptiodvecttsd Ty geine hafrthernospaising: Gacuiaeg g cRpsien]
h i zat i )j d I ni ti f | ew data f
a1 cul at iABTRn RGO 41 Rkl s REt e Brocen ks By el c2s” caral og
har t . | |f \pi : trolli
char pr%:pag%ﬁ%/ar]i%?ﬁ%%n c}f'aﬂ%eaéohtr@hﬁlﬂfgoﬁgﬁgﬂ&hg&%ﬁﬁ&s controlling a sane

process sanme process catalog, and a Control Method chart
property in the formof a method for <calculating a consistent control

oS | e tedpe P P hehobutier BPARk T Bl £ e soe
i sing:.all the. . . : gii : , t
capabi |1 it AR FORlh Bigh Ak b BACRRAMLAROLD | CCeT 10

February 2007 13. The SPC systemrecited in claim211l, further conprising:
the synchroni zati on frequencjes being set hi guh_er .for .control charts

control li%hg crThamethodiceitesds clogs ﬁgthe&mmprw&usﬁé%“ frecited in claim
11, furt hs%cl(frg ation §e%ﬁer}c?feas :?%Qr?tp(glcff?ﬁilzgféagﬂ of the control charts controlling 2

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.
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frequenci es being set |lower for control charts controlli n | ess critical
process results. 15. The SPC systemrecited in clai m 1112 ¥qhreage 007
conprising: the new control limts being calculated as a statistical
deviation fornmed by the new data. -11 ABSTRACT METHOD AND SYSTEM FOR
SYNCHRONI ZI NG CONTRCL LIM T AND EQUI PMENT PERFORVMANCE A net hod and system
for. .synchroni zing a control chart of an SPC system and equi pnent
performance has a chart nodel (22) with new chart properties; a nethod for
cal cul atildg aTheSPCalstén rdcitedasdsinoll, furlePédngirishat thd@yhdHrbmPatiod
synchronization frequenc for setting a tine for review ng new data
gat her ed fFusnges § F’@@S‘;ﬁ@lzéﬁﬂi fos pentrol ghastseontrolling aitivg] frocess adseljor i zi ng al |
control charts that control the sane process step, such that the. control
charts are organi zed for assignnment of the sane perfornmance based control
|t Caoul SheGPOsymsk ngited afdleih] U i 0kr @iy Pind20 s S |1 ¢
val ues of the control charts. (FI G

equencies being set lower for conirol charts conh‘olhng less critical process results.

15. The SPC system recited in claim 11, further comprising: the new control Limits
being calculated as a statistical deviation formed by the new data.
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