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1. Fleld of the Invention

This invention relates to system and processes.for the
manufacture of integrated circuit chips and more particular-
ly to such systems and processes incorporating automatic
control of production in an integrated circuit manufacturing
process.

2. Description of Related Art

When production decisions were required in job shop
factories in the past, decisions made were carried out inde-
pendently in an uncoordinated fashion at each and every work
center in the factory. Individual managers made the deci-~
sions based on information available to them and the preex-
isting schedules set by planners or similar executives in
the factory which decisions were based on management objec-
tives. Such independent decisions varied as a function of
the status of the lots of Work In Progress (WIP). The deci-

sions were influenced by foreseeable and unforeseeable prob-~
lems which'arose at unpredictable times in the form of emer-
gencies which had to solved on an ad hoc basis without an
overall plan to deal with these situations. Thus, as a
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sions were influenced by foreseeabl e and unforeseeable prob- |ens which
arose at unpredictable tines in the formof enmer- gencies which had to
solved on an ad hoc basis without an overall plan to deal with these
situations. Thus, as a result of the unpredictable nature of the schedule
of the -2- -2- manufacturing process the
status of the quantity of WP naterials varies based upon the quantities
of the lots t e d ' nt and
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difficult to nmanage in a sem conductor wafer fabrication factory because
of the com P¥pdudt: poobettrlonsgdeancd the prates sk dquipment atndofheFor
exanpl e, there are UBStO five hundred (500€esteps in a pro- cess flow

there are mﬂ'ﬁﬁi@sp cBle ™ _ ft‘f‘fféﬁgepﬁ? ¥ to fifty (50) types of
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reused, but with different recipes. Dl G TAL KANBAN
SYSTEM ifigariizh’ 108 o Japgneéscawayd 80ffbamwaoc megagatin Bhe
semiconductor wafer fabrication factory because of the com-
plexity of the sequence of processes in the factory. For
example, there are up to five hundred (500) steps in a pro-
cess flow; there are multiple process flows; there are up to
fifty (50) types of equipment with different capacities and
the same type of equipment is reused, but with different

recipes.

DIGITAL KANBAN SYSTEM

"Kanban" is a Japanese word for bamboo, segment. The
"Kanban" token system for use in control of a manufacturing
process was developed in Japan as a convenient means of
controlling WIP materials on a production line. 1In the
Kanban system, a production process is divided into several
Kanbans (segments.) Each Kanban (segment) of the manufac-
tu;ing line is given a predetermined number of tokens to be
attached to a batch of WIP materials called a "lot". Upon
completion of processing of a lot, the lot is accepted by a
donwstream Kanban and as a result a token is "freed" to

accept another lot from an upstream Kanban. When all of the



" Kanban" token systemfor use in control of a manufacturing process was
devel oped in Japan as a convenient neans of controlling WP materials on a
production line. In the Kanban system a production process is divided

i nt.o several Kanbans (segnents.) Each_Kanban (segnent) of the manufac-
turing line is given a predeterm ned nunber of tokens to be attached to a
batch of WP materials called a "lot". Upon conpletion of processing of a
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addi ti onal Io; is allowed to be enter into the Kanban from an upstream
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a |l ot from an upstream Kanban

Deing thi o methd o Hace o §Robrthika Breard s itueble’ EkeaR Feg en
time, in eachakedptamg 8 iS¢StdROdhabSsk rdanl khApSxCeed an al l owabl e quantity
| evel equivalent to the nunber of tokens i1n that Kanban. The maxi nmum
quantity level ofUswhB thi=methed) nteacjuatenbanos ivrrdaxgeriaps by a factory

present, at any given time, in each Kanban is thus regqulated

not to exceed an allowable quantity level equivalent to the

number of tokens in that Kanban. The maximum quantity level

of WIP materials in each Kanban, is determined by a factory

level planner who seeks to maintain line balancing as well

as maximum equipment utilization.

There are several disadvantages of previously available
types of digital Kanban systems, which disadvantages are as
follows:

1. They are negative systems, controlling what cannot be
run (shutting off the gate), but not determining what to run
(which lot has priority). That is to say, when the gate of
2 Kanban is shut off, because of lack of free tokens, all
the lots within that Kanban are either involved in being
Processed, or the lots are stalled waiting for the next
Kanban to free up tokens to receive the stalled WIP materi-
als. Notice that the stalled WIP materials are within the

Kanban where the work was completed instead of being within

the Kanban ready to process the WIP materials.



- I evel planner who seeks to maintain |ine balancing as well as maxi nrum
equi pnent utilizati on. There are several disadvantages of previously
avai l able types of digital Kanban systens, which di sadvantages are as
follows: 1. They are negative systeng, controlling what cannot be run
(shutting off the gate), but not determining what to run (which |ot has
priority). That is to say, when the gate of a Kanban is shut off, because
of lack of fr.ee Thésandigithl XKdmbdroisystendivalueatytbebaimeamerei than

i nvol ved in bein processed, or the lots are stalled waiti n% for the next
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nmaterials. bpe sacrificed to reduce cycle time becaufe of 2the Hig®@rdi gital
Kanban systens value cycle tinme nore than capacity, which i's a narrow view
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ty that some equipment in the factory will be left idle
whereas global analysis would suggest a better allocation of
factory activity.
3. When input and capacity are in the ramp-up mode (when
input and capacity are in the mode of increasing) digital
Kanban systems do not handle the changes.occurring well.
During a production ramp-up, additional equipment is added
to each Kanban and the WIP materials level must increase to
utilize the additional capacity. Therefore, the number of
tokens allocated to each Kanban must increase with addition-
al equipment. When a given piece of equipment has multiple
recipes to support several Kanbans, the problem arises that
the decision on allocation of the appropriate number of
gokens to each Kanban becomes diff;cult, if not impossible,
to make. The Kanban system must handle a dynamic quantity
of WIP which increases with time.
4, Determination of adequate quantity of WIP-max (maximum

WIP and maximum number of tokens) requires good knowledge of

the theoretical cycle time at each step. This is difficult



* priority assigned thereto. That is an inefficient choice which may reduce
producti on vol unme because of the probabili- ty that sone equi pnent in the
factory will be left idle whereas gl obal analysis would suggest a better
allocation of factory activity. 3.5_Wen input and capacity are in the
ranp-up node (when input and capacity are in the node of increasing)
digital Kanban systens do not handl e the changes occurring well. During a
producti on rtamknop, bexkdisel dnaéd seplicomeinttos mtEdctoispgrdsasban and t he
WP materials |level nust increase to wutilize the additional capacity.
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difficult, if not inpossible, to nake. The 'Kanban systemnust handle a
dynani ¢ quargrictther opait iRullairched iter,c 2hesKanbdn tthae. it dsupgariter wibnt i on of
adequate quantity of W P-nax gnaxinunl W P and nmaxi nrum nunber of tokens)

requires godBVEnBulbERRF sRPaFhEY riddeetheapther Kanbapewikl davk 3eep. This
IS d'ff'CU|tcapacity. This multiplicity of recipes sharing a single

piece of equipment makes the Kanban system less useful than
is desirable for a semiconductor manufacturing process.

5. Prior art digital Kanban systems have been too rigid to
handle an abnormal situation, such as an unbalance of the
quantity of WIP materials due to a catastrophic equipment
breakdown. Another problem occurs in an event such as when
a8 customer decides to detain (hold) a significant portion of
the WIP materials due to an unanticipated change in circum-
stances, e.g. the discovery of a design problem or a busi~
ness decision to accept a large order using a newly devel-
oped process which 1s'quite different from current ones.

The reverse of the above types of situations creates the
same problem. It is difficult to calculate the appropriate
number of tokens in each Kanban as the capacity changes due
to a change in the process mix. Some recipes used by oné
process have a much higher capacity or a much lower capacity
than another recipe. 1In the current state of the art, no

intelligent system can capture, i.e. adjust, to the changes

\



-5 - to know because in a sem conductor manufacturing process sone
pi eces of equi pnment have nore than one recipe to sup- port steps in
~different Kanbans. During each day, if a piece of equipnent is set to run
a particular recipe but not another particular recipe, the Kanban that it
supports will have a higher capacity While the other Kanban wi |l have |ess
capacity. This multiplicity of recipes sharing a single piece of equi pngiit
makes the Kanhaa marmifiBthesfgussiten Ebem hduxr deshbabl o fralkeaasest ponduct ¥
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progress is monitored, by assigning priority ratings to each

lot of WIP materials with the priority ratings ranging from
a low priority rating to a high priority rating.

Preferably, the method includes clocking passage of WIP
mateiials to measure depletion and accumulation of material
at a work station with increases in priority rating as a
function of the difference of target velocity minus actual
velocity of work with an increase of 1 priority rating level
as the cumulative value of the d;fference exceeds a prede-
'termined percentage, whereby automation of production con-

: trol of a manufacturing process is provided by improved
automation of work scheduling.

Testing to determine whether highest priority lots are
present in the WIP materials to determine whether to batch
or sfop batching mixed lots of WIP materials, stopping
batching when highest priority lots are present, or'batching

lots when no highest priority lots are present is preferred.



*than another recipe. In the current state of the art, no intelligent

system can capture, i.e. adjust, to the changes

.- 6- in a manufacturing systemfrom hour to hour to nake a deci- sion on
t he opti mum nunber of tokens to be allqtted for each Kanban.
SUMVARY OF THE | NVENTI ON I n accor'dance with this invention, a nethod

Is provided for operating a manufacturing control systemfor conputer

control of work fdraWekBnBp sI0FBES CpRRNES 2A6EET A5 HAtRHEA- whéd Qllghi-ne with
a plurality of work stations at which work progress is nonitored, by

assi gni ng preorptiporiayi botss tarecabhent ptbyotthél Stepd erff alestinghtd he priority
ratings ranging from a low priority rating to a high priority rating.
Preferably, ffeermmgonhethenddgherbryinFifasiate are BEPsepht Bt itdies to
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rating |l evel as the cunulative value of the difference exceeds a prede-
term ned perskghaigac shep ebarahingmafi BR =02 pOOPRCE i3N okOf NO then
generate a signal for batching PR2 to PRS lots.

Another preferred step is testing to determine whether
the queue time for lot is more than T, hours. If YES, then
upgrade the priority rating, PR = X level by one level by
sending a signal to the production line. If NO, proceed to
the Wait, Then Retest function, and after the upgraded lot
has been run, reset to the default priority rating PR = 5.

Preferably the method includes the steps of testing to
determine the qgueue time for a lot, the DELTA between the
Expected Date Out, EDO, and the Original Commitment Date,
OCD, and to provide an upgrade of the priority rating
PR = X if WIP is less than the set limit.

In addition, provide one promotion for each N, days the
EDO falls behind the OCD, and after the upgraded lot has
been run, reset to the default priority rating PR = 5.

Preferably perform the step of testing to determine the
whether the cumulative moves in 5 Kanban are X% below tar-

get. If YES, then upgrade the priority rating, PR = X by



“trol of a manufacturing process is provided by inproved automation of work
schedul i ng. Testing to determ ne whether highest priority lots are
present in the WP materials to determ ne whether to batch or stop
batching mxed lots of WP materials; _stopping batching when highest
priority lots are present, or batching |ots when no highest priority lots
are present is preferred. -7-

Preferably RRe=12vtD, PRAE 17 NOlthe eochelsbedtoviest higdtheretnpr é@iity | ots
are absent, by the steps of testing to determ ne whether highest priority

| ot s are prdadivei movédwe in\aPKasbagy iaglesXt cbelatwe target whet her priority PR = 1
| ots appear in the current 1ot queue. If YES, then generate a _signal to

stop bat chi ng of Ipraddition,prest f£o detprmigs (the, whgkhbryr dhe Su@Rlfal for
bat chi ng PRZ {0 PRo Iofé.a Kanban tggrbgigj q{arrggﬁtep is testing to
31her £ ?IITE or lot Is nore

det er m ne whe € queue than T[err] hours. If
YES, then upgragdaothér e’ ikYtd Aldstyto Pheterhin@vfhether® el @ Ehe DY

sending a signal to the production line. If NO proceed to the Wiait, Then
Ret est functdfoN. gquads trdayRebeipgidaded | ot  has been run, reset to the
defaul t prlOrltylgaggrgk;¥3fieg'to provide an increase in the priority
rating of a lot as a function of increasing queue time,
providing an increase in the priority rating of a

lot as a function of the difference comprising the expected
date out minus commitment date, and resetting to a default
priority rating, after the lot is run.

It is preferred to clock passage of WIP materials to
measure depletion and accumulation of material at a work
station with increases in priority rating as a function
of the difference of target velbcity minus actual velbcity
of work with an increase of 1 priority rating level as the
cumulative value of the difference exceeds a predetermined
percentage, whereby automation of production control of a
manufacturing process is provided by improved automation of
work scheduling. |

In accordance with another aspect of this invention, a
manufacturing control system provides computer control of

work flow in an automatic manufacturing production line with

& plurality of work stations at which the progress of work



» Preferably the nethod includes the steps of testing to determ ne the queue
time for a lot, the DELTA between the Expected Date Qut, EDO, and the
Oiginal Commtnment Date, OCD, and to provide an upgrade of the priority

“rating PR=Xif WP is less than thg set limt. I n addition,
provi de one pronotion for each Nerr] "days the EDO falls behind the OCD,
and after the upgraded |ot has been run, reset to the default priority

rating PR = pg monitorBUC! CFRdImbaRs! brEvEdedecohsPidd medhki Ber &sdigfner m ne

the whether the cunulative noves in a Kanban are X% below tar- 'get. If

YES, then upgh@dsridiatpr r@tinigs kot ed¢h YR sf£)XWDY materials with the .
-8 - one level, and if NO then continue to test whether the cunu- |ative
nmoves in a Kanbewmity eaxiange|ranaiszggérom a low ppiewidivt réfingek? & 0 determi ne
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days behind. priority lrating’ 6f & N8 5O PSRNt NGIERA81hE dbuedriority
rating of a Fot as ‘a funcglon of increasing queue tine,

time, means for providing an increase in the priority rating

of a lot as a function of the difference expected date out

minus commitment date, and means for resetting to a default

priority rating, after the lot is run.

Preferably there are means for clocking passage of WIP
materials between to measure depletion and accumulation of
material aE a work station with increases in priority
rating as a function of the difference of target velocity
minus actual velocity of work with an increase of 1 priority
rating level as the cumulative value of the difference ex-
ceeds a predetermined percentage, whereby automation of
production control of a manufacturing process is provided by
improved automation of work scheduling.

Preferably there are means for testing to determine
whether highest priority lots are present in the WIP materi-
als to determine whether to batch or stop batching mixed
lots of WIP materials, means for stopping batching when
highest priority lots are present, or batching lots when no

highest priority lots are present.



- providing an increase in the priority rating of a |ot as a function of the
difference conprising the expected date out mnus conmtnent date, and
resetting to a default priority rating, after the lot is run. It is
preferred to clock passage of WP, gaterials to neasure depletion and
accurul ation of material at a work station with increases in priority
rating as a function of the difference of target velocity m nus actual

velocity of workppbidradlyl NER&@as aref mdady i@y t¥st8hd D ldR¥8kmbse t he
cumul ative value of the difference exceeds a predet erm ned percentage,

wher eby aut owhietbar diighestduptianityodvtslaxd presenbuimcthe Wil§ pabeelss i s
provi ded by inproved automati on of work scheduling. I n accordance

wi th anot her 2d8ptetdefienming vheidit GHITERt tufachening R¥oROFSI LRIt em
Pt oduct i on | PhESEPER 3 PRFTTY G PRbTIL S AACRE B T GAVPRC BT br ess of
wor k- the current lot is behind by More thanTRAb! M EGhum! REmETaES
provi ded conprise neans for assign- 1ing priority ratings to each | ot of
W P mat eri al sonttihutige wighi onrtentr giringtty areiimg whemtthd ow priority rating
toa current lot is behind by less than the maximum time.
In addition there are means for batching of PR = 2 to
PR = 5 lots when higher priority lots are absent, comprising
means for performing the functions as follows: means for
testing to determine whether highest priority lots are
present in the WIP materials to determine whether priority
PR = 1 lots appear in the current lot queue. If YES, then
generate a signal to stop batching of PR = 2 to PR = 5. If
NO then generate a signal for batching PR2 to PR5 lots.
In addition, it is preferred that there means for test-
ing to determine whether the queue time for lot is more than
T, hours. If YES, then upgrade the priority rating, PR = X
level by one level by sending a signal to the production
line. If NO, proceed to the Wait, Then Retest function and
after the upgraded lot has been ruﬁ, reset to the default
priority rating PR = 5.
Preferably, it performs the functions as follows: means

for testing to determine the queué time for a lot, the DELTA

between the Expected Date Qut, EDO, and the Original



~ high priority rating, neans for providing an increase in the priority
rating of a lot as a function of increasing queue tine, neans for
providing an increase in the priority rating of a lot as a function of the
di fference expected date out mnus conmmtnent date, and neans for
resetting to a default priority tafi.ng, after the lot is run.

Preferably there are neans for clocking passage of WP nmaterials between

to nmeasure dophethof Pad2CeEHY! Hd Pgopidiﬂ?tﬂ ;'[u%grﬁae 3 #MYple pkabion with

increases in priority rating as a tunction of di fference of target
velocity minySratinglpr/el @Cif WIH {sOlLEssV tHararthenseeabimif. 1 priority
rating level as the cunulative value of the difference ex- ceeds a
predet ermi ned pePrefezahly whersystequdnaheden nFansfpsdperigmidonthel of a

facturi ' | ded b ' d t t] f
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determ ne whether to batch or stop batching m xe ots of WP material s,
means for stbp @gnpateditn@oWbre ddiaghesprpst Lyy tpathiagsprr=e 50r esent, or

batching | ots when no highest priority |lots are present.

In addition, preferably, there are means for testing to
determine the whether the cumulative moves in a Kanban are
X% below target. If YES, then upgrade the priority rating,
PR = X by one level. If NO then continue to test whether
the cumulative moves in a Kanban are X% below target.

In addition there may be means for performing the func-
tion of testing to determine the whether the cumulative
moves in a Kanban are 5% below target.

Preferably, means are provided to make the test to

determine whether the value of N, equals 3 days behind.
BRIEF DESCRIPTION OF THE DRAWINGS.

The foregoing and other aspects and advantages of .this
invention are explained and described below with reference
to the accompanying drawings, in which:

FIG. 1 shows a computer system with a central process-
ing unit (CPU) connected to receive data on lines from moni-
tors for operation of a manufacturing facility.

FIG. 2 shows a flow chart of a program stored in a

DASD (Direct Access Storage Device) in a computer, which



-- 10 - Preferably, there are neans for testing to determ ne whether
hi ghest priority lots are present in the WP nateri- als to determ ne
~whether current lot is behind by nore than a maxi numtine, upgradi ng
“priority rating by one level when the current ot is behind by nore than
the maximumtinme, or continuing with current priority rating when the
current lot is behind by I ess than the maxi mumti ne. In addition

there are Megs, s baLCHIGAULRR S ublralng thd Leveuhen diggier priority

| ots are absent, conprising ™ neanS for pérformng the functions as foll ows:
means for tmmemg:oheidetﬂimme whet her highest priority lots are present
in the WP materials to determ ne whether priority PR =1 |ots appear in
the current |ot &§¥6ue3 $howssghe ﬁ%’f‘Pu"'gféfnéVﬁF%maz%llcj’n&P“PSCE‘F%p‘”t?atchl ng of
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determ ne Whgifigf ihAevILEAE dathB f._grldcg,ts is nore than TL hours. I f YES,
then upgrade the priority rating, PR =X level by one |level by sending a

signal to the praduct éanshdwsn@a £Léw NRantr ofeanotierd lad g¥&i thm Tetarelet est

function and after the upgraded | ot has been run, reset to the default
priority ratiMmgEheRDASE of compupegf &YsiAM inj FIGer¥orns the functions as

follows: means FIG. 4B shows an algorithm stored in the DASD which is

an implementation of a rule known as the Delivery Commitment
rule.

FIG. 5 shows a flow chart of an algorithm for batching
stored in the DASD.

FIG. 6 shows a flow chart for a program stored in the
DASD to detect and to deal with cases in which the cumu-
lative moves in the Kanban are 5% below the target.

DESCRIPTION OF THE PREFERRED EMBODIMENT

This invention provides a shop-floor system for dis-
patching work based on computer operated voting scheme which
allows work scheduling based on application of several dif-
ferent rules (algorithms). When these rules are applied,
those lots of WIP materials which accrue more votes are
awarded a higher priority and accofdingly they are run
through the producéion line earlier than are the lots with
lower priority. For lmproved work flow efficiency, an esca-

lation mechanism is built into the system. To implement all



< for testing to determ ne the queue tine for a lot, the DELTA between the

Expected Date Qut, EDO and the original Comm tment Date, OCD,
and providing an upgrade of the prior- ity rating PR=Xif WP is |less
“than the set limt. Preferably the system i ncl udes neansfor

performng the functions of providi-nt ene pronotion for each three days
the EDO falls behind the OCD, and after the upgraded |ot has been run,

reset to theoglafiyslel rRALOEdd Y thal bpdkdRusea:  employs la @ggéﬁifallypreferab|y,

there are neans for testing to determne the her the cumul ati ve noves
I n a Kanban fuzzy A%¥ghel apptaaaget. |f YES, then upgrade the priority rating,
PR = X by one level. If NO then continue to test whether the cumulative
moves in a KanbarFugee kogHre | s thar gerosite °f gl dicghctwekah PAP-be neans
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the black-and-white (binary: 1, 0) type result typical of
digital logic. The system of the present invention uses a
priority rating to determine the relative sequence of lots
to be run in the factory. The system employs a number of
priority levels, i.e. a predetermined number such as
five (5) to start with, but the number of priority levels
can be increased as system sophistication rises. The deci-
sion as to which lot to run is thus based on a weighting of
all inputs, in a manner which is very similar to the reac-
tion'of a brain cell to input stimuli. When the stimuli are
strong, the priority goes up and the lot has a higher prior-
ity to be processed.

Each lot awaiting semiconductor wafer fabrication is
assigned a Priority Rating (PR.) The PR ratings assigned
are represented by a number from PR = 1 to ;ay about PR = 5,
with PR = 1 being the highest priority, and with PR = 5
being the lowest priority rating, as well as, the starting
and the default priority values. While the maximum value of

PR is 5 in this example, it could be a higher or a lower



The foregoing and ot her aspects and advantages of this invention are
expl ai ned and described below with reference to the acconpanying draw ngs,

i n which: FIG 1 shows a conmputer systemw th a central process- ing
unit (CPU) connected to receive data on lines fromnoni- tors for
operation of a manufacturing facilityl4 - FIG 2 shows a flow chart of a
program stored in a DASD (Direct Access Storage Device) in a conputer,

whi ch number and the present inventidmZap lﬂ%%o¥bd§ﬁyfﬁHﬁH@Q“ﬂﬂiéﬁ“ ng and
upgradi ng the level of a ot under consi deratlon FIG 3 shows the
conput er sysiscam2@ntegewabectezl. via output lines to a set of lot flow

| oops with lots travelling along individual paths to | oops. FIG 4A

shows a fl ow chaReferrinmiteeFIG} gor iat RANBRERR $Ystamt 2@ ISP eentvRbut er

t FIG 1 FIG. 4B thmstored in the DASD which
" an | ol GROEABHER W (FEUD WhaMRmACtendeaeeasrs ShfoPent. rul e,

FIG 5 shows, gl @Y, CiRrdndOh 3aPr il R8PS Fipf, BALCNL NGy AOF %Qrb” the DASD.
tion of a manufacturing facility with work flowing along
paths 14, 16 and 18 between the monitors M1, M2,....Mn. The
computer system 20 serves'the function of tracking lots and
dispatching lots for the factory. The CPU 14 is connected
via line 15 to a conventional random access memory (MEM} 16.
In addition, CPU 14 1is connected via line 17 to a conven-
tional Direct Access Storage Device (DASD) 18, e.g; a disk
drive, where.data and the computer programs employed in the
system of this invention are stored. The CPU 14 is connect-
ed via output line 21 to a lithography WIP loop pro-
cessor 22, as described below.

The Prioiity Rating PR of each lot is upgraded or down-
graded'by the computer system 20 which tracks the lots by
reading monitors M1, M2,...Mn. The computer 20 controls
priority ratings PRs of machine tracking, based on a set of
priority rules stored in programs in the DASD 18. The pri-
ority rating PR can be set manually, if a permanent priority
rating PR = X, is desired (where X is an integer from 1 to
5.) For example a "hét" (important or high priority) lot is

awarded a constant priority of PR = 1,



<« FIG 6 shows a flow chart for a programstored in the DASD to detect and
to deal with cases in which the cunu- |ative noves in the Kanban are 5%
bel ow the target. DESCRI PTI ON OF THE PREFERRED ENMBODI MENT

~ This invention provides a shop-floor systemfor dis- patching work based
on conputer operated voting schemelihich allows work scheduling based on
application of several dif- ferent rules (algorithnms). Wen these rules
are applied, those lots ofy Prmgbﬁ’@%iég“%%ue nore votes are
awar ded a higher priority angiatturdrng un through the
production |ine paghoErsliddansahédiliagl sistem tih abe¥vedadd @iithythi®r
i mproved work flow efficiency, an esca- lation nechanismis built into the
system To iimyeptdot ked a number of features as follows: -13 - of these

features, the system used enpl oys an essentially fuzzy |ogic approach.
Fuzzy | ogic Ms t Rélolpissiayeopng|idfi the Fo¥g PEiRrdhips ASSiINGEs a specific

out come baseth g TIHE Bk OfrdiiP Uity pEHEAL, 801C £1OW d8sclerul 1 10 @

shade of grey instea - the -an rnary?” 1,7 0) type result
typical of ‘dicgint abt| 08l highhprSosityMsbhrtdQIMHESENEs | dBARfne@NLHSES A

priority PR = 1.

B) Priority upgrade/downgrade is obtained by:
a) planning which provides a semi-permanent change.
b) computer-temporary change based on the rules as fol-
lows: _
1) Good only durihg the time that fhe condition
persists.
2) Revert to a) when condition removed.
As used here, a "condition" refers to a locally
generated condition such as: |
1) the WIP materials level is too high or too low,
ii) an eqﬁipment is shut-down or is juét being added
to the line, or
iii) a lot which has completed a process step is
ready to advance to a different location and
therefore requires recalculation of the priority
for the lot.
C) Priority PR = 1 is for a "hot" lot (or any other lot

promoted to level PR = 1 by the computer 20 in accordance



A

priority rating to determne the relative sequence of lots to be run in
the factory. The system enploys a nunber of priority levels, i.e. a
predet er mi ned nunber such as five (5) to start with, but the nunber of
priority levels can be increased as system sophistication rises. The deci -
sion as to which lot to run is thus-based on a weighting of all inputs, in
a manner which is very simlar to the reac- tion of a brain cell to input
stimili - VheRdhengthidel 02! Ehe SYsURR, AudUIrbllYo BORMAIR RAdeLhe | 01 has
a higher prior- 1ty to be processed. ac of awal ti ng sem conduct or
waf er fabridatijon is assigned a Priority Rating (PR ) The PR ratings
assigned are represented by a nunber fromPR = 1 to say about PR = 5,
with PR = 1 Iei n§rioeitv FRest 5 pis qreiseyyed ntpmiipriocPRs fequimeintgwhhbeh | owest
priority ratjn as wel | asP the startin and the default priority val ues.
Wil e the medd FOHEVEPHR: o IPPRAYRCIALS \with Lhe BRyFe5 FRtiNsuaFenE a hi gher
or a | ower - 3 d'ghe pr esent
. . h i ty, .
hvent on applel™tB T ReReH MTLRTIOE oy hode BN
Referring t prddcessdd By ahEppkedusivneind. has a central

E) Lots with lower priority e.g. PR = 3, PR = 4, or

PR = 5 can be run with a higher priority e.g. PR = 1 or

PR = 2 job iﬁ the same batch, with the same recipe or which

use the same reticle in the photoresist exposure process on

the lithography line.

RULE #1-QUEUE TIME

The status is upgraded based on queue time at the rate
that the PR rating is reduced from PR = 5 (lowest) towards
PR = 1 (highest) at the rate of one level (notch) per twelve
(12) hours.

RULE #Z-QODIFIED KANBAN RULE FOR WIP CONTROL

Due to the multiplicity of uses of a lithography tool
(i.e. in the current state of the art a lithography tool is
used from 15 - 20 times throughout a process)l balancing of
the line and control of WIP materials is achieved by proper-
ly selecting which lot to run. A semiconductor process flow
can be segmented into numerous (15-25) loops, each started
from and ending in a lithography area. The WIP materials in

each loop are to be controlled at an optimum level to



~

processing unit (CPU) 14 connected to receive data on lines 11, 12 and 13

fromnonitors M, M,....M for opera- tion of a manufacturing facility
with work flowing along paths 14, 16 and 18 between the nonitors M,
M2,....M1. The conputer system 20 serves the function of tracking |lots and
di spatching lots for the factory.-The CPU 14 is connected via line 15 to a
conventional random access nenory (MEM 16. 1In addition, CPU 14 is
connect ed Vi.ga.;hi:g t c - tion | rect.,Acce I Devi ce
(DASD) 18, S 1188 Pl Wb Be R fllions' 18°%he 1o bn{EE TR, Bidadfg =

enpl oyed in d:tRsstvet QAN thBs Sof MPNhhLEr 58S ,SLALEH- irddvedsRU (hdrt § .
connect- ed via output line 21 to a lithography WP | oop pro- cessor 22,
as descri beccysdleotime. The Priority Rating PR of each lot is upgraded or
down- graded by the conputer system 20 which tracks the lots by reading
nonitors M, M, AS ffateth@be¥fpuths COPPRBAF raystemy2Pohas 21 SUERYE PRs of

A v, 5. BERE Dy i _
The DAsD 16, 1ufe2gr PREch 3 Sofffeia o aSkhodedihy"Raf, S04 vibpRROREPTE T,

priority rad3.ng BPhe procdsso¥ess rAhpIWesr 8ata ith ABopBtELYLILY A 4310 5.)
For exanple a "hot" (i1nportant or high priority) lot is awarded a constant
priority of QdRputiline 21 provides computer dispatching instructions

from CPU 14 to the loop processor 22, whereby the priority

rating can be refreshed by operation of computer 20, which

means that the priority of each lot is upgraded or downgrad-

ed at this step based upon the data collected by the moni-

tors M1, M2,....Mn and the rules of the programs of this

invention. '

The lithography WIP processor 22 provides a central

poocl of data which provides data to each of the flow loops

L1, L2 and L3 involving a few (1-2) minor equipment units

24, 32, 124, 132, 224, 232 as well as a few (1-2) major

equipment units 28, 128, 228 interspérsed with the minor

units as described in more detail below.

In loop L1 the line 23 connects from lithography WIP

loop controller 22 to minor equipment 24, which is connected

by line 26 to major equipment 28, which is connected by line

30 to minor equipment 32. In turn from minor equipment 32,

the loop continues on line 34 back to the loop control-

ler 22,



[

- 15 - SHOP FLOOR SCHEDULI NG SYSTEM A shop fl oor
schedul i ng systemin accordance with this -invention has a nunber of
features as follows: A Al'l lots have one of the five priorities
assigned thereto. Mst lots starE with priority PR=5. A so-called "hot"
| ot, of high priority starts with OF is assigned the priority PR=1. B)
Priority upgrade/ downgrade i s obtained by: a) planning which provides a

sem - per manent chﬁpgﬁop 12 %heeg_rlg\gt §?3t% @gyﬁg‘t&?%eoptjgésgfﬁp the rul es

as fol- e condition
persists. ler 2:) ﬂ%emhbrt@q@pmdﬁenlzpndaﬁibanigea&yreéi:ted by line As

used here, a "condition" refers to a locally gener at ed condition
such as: 126 toimajorrheqiipmeret dRPalwhiahvdls tentectdd gy dineob3q ow

i) an eqU|pnent i s shut-down or is_just being adde to the

line, or to minqy yeanipgentyidds nl IﬂéPgdméF?ﬁ(ﬁﬂ¥§§m§95p1?%

;Zady to avaP 53% %o%:}k?%grgn .I%Qt i?@ b%%t to the loop coB'@%fi ore
quires reca u atton o e priority

ler 22.

In loop L3 the line 223 connects from loop control-
ler 22 to minor equipment 224, which is connected by line
226 to major equipment 228, which is connected by line 230
to minor equipment 232. In turn from minor equipment 232,
the loop continues on line 234 back to the loop control-
ler 22, |

Each of the loops L1, L2 and L3 in FIG. 1 can be viewed
as a Kanban (segment) in a Kanban token system. A look-up
table on the maximum and minimum WIP materials level of each
of the loops L1, L2, and L3 is set.up in the dispatching
computer system 20. The WIP materials within a given one of
the loops L1, L2, and L3 is added up by the dispatching
computer system 20 on a fixed time interval, say one hour,
and is made to be compared with the look-up table. When the
quantity of WIP materials exceeds the set limit, each of the
lots of the lithography WIP materials waiting to be run to
feed the given loop is downg:aded or upgraded in priority by

one notch.



for the lot. O Priority PR=11is for a "hot" lot (or any other |ot
pronoted to level PR =1 by the conputer 20 in accordance

- 16 - wth the rules of the system as described el sewhere here- in.)

D) Priority PR =5 is reserved for 1gr_ocess/ equi pnment which is-shut down.
WP materials wwth the PR =5 rating are run only when no other, higher
priority, work is waiting to be processed by the production line. E)

Lots with | ower L Of | . = 3, = or, = un wi.th a
hi gher priority Q?S.E%@{’:t%fggygg%hé E?Ja(')gd? n % ﬁéaggs@u%%%g%, Q\S,?me h the same
reci pe or Whixeh doWfiStidin LRERLLEY i HIPNMAHE- NOLEr BELSH thePQDWEE ProCess
on the l|ithography |ine. RULE #1- QUEUE TI ME

The status islmiggwhiledl Heos ddeonseueue tine at the rate that the PR rating

is reduced fromPR =5 (lowest) towards PR = 1 (highest) at the rate of
one | evel (notchffRBeftatitd t8 Setoho FSuFss when the process is shut

down and when the quantity of WIP materials exceeds a prede-
termined high limit which has been set.
The system sets a high limit on WIP materials, as fol-
lows:
WIP level = Raw throughput (Qr) x MTTR

The system also sets a low limit, as follows:

WIP level = 2 x 0z x [ Checietical cvcle tine of running

FIG. 2 shows a flow chart of a program stored in
DASD 18 in computer 20, which provides for downgrading and
upgrading the level of a lot under consideration. The pré-
cess starts at step 90 leading to step 91 in which the quan-
tity of WIP in'a given loop #N is calculated.

Next, in decision block‘steps 92 and 93 a pair of deci-
sions are made as to whether the quantity of WIP is higher
or lower than a set limit. _.

In decision block step 92 the decision made is "Is WIP
Higher than.Set Limit". If the result of the decision in
step 92 is YES that the WIP is higher than a set limit, then

proceed to step 94.



- RULE #2- MODI FI ED KANBAN RULE FOR W P CONTROL Due to the multiplicity
of uses of a lithography tool (i.e. in the current state of the art a
| ithography tool is wused from1l5 - 20 tinmes throughout a process)L

= balancing of the line and control of WP materials is achieved by proper-
|y selecting which ot to run. A serPconductor process flow can be
segnented into nunerous (15-25) |oops, each started fromand ending in a

i thography area, The W Mefer Lals Je n8aflkddPRoR! Bzl -G, Ggntaolled at

an optimm | evel "o _ o _ uttlize the
maj or equi pnEtpeirfobiied ] OQFLER $ € B4, bUhe GhrehranX pesceads eantities of WP

materials, which increase (hurt) cycle tine. As stated above, the
conput er sysit@mp d6.has an output |ine 21 which is connected to |ithography
WP | oop processor. 22. The processor 22 supplies data to | oops L1, L2
and L3. Output HEnEhe1ressud; Sgst%rﬁ?&iélmﬂi &R A4 tRNudeBns  from

CPU 14 to t rgégaa ng&gﬁigéﬁéé%%¥@§%§£%35he priority rating can be

refreshed by operation o rch nmeans that the priority of
each ot is upgradad)eansbing’ adeh Adpab2ihis AR ibasplotpLphesgat a

col |l ected by the noni -
a decision is made "Is WIP Lower than Set Limit" as to
whether the quantity of WIP is lower than a set limit. If
YES, then proceed to step 95.

In step 95, the program upgrades the lot priority by
"1" unit. "After step 95, the program proceeds to step 96.
If the result of the decision in step 93 is NO, then proceed
to step 95.

' If the result of the decision in step 93 is NO, then
proceed to step 96.

In “Is N MAX" decision block step 96, a test is made fo
determine whether ‘all of theJN loops have been tegted a§ to
whether WIP is outside the set limits.

If YES, then the program goes to step 99. If, NO, the
process continues as indicated by via line 97 to step 98.

In step 98, the program increased the value af N by one
towards the maximum value of N.

The process of steps 91-95 until the value of the loop

number N is the maximum value, i.e. all of the N loops have

been processed. If the result of the test in step 96 is NO,



tors M, M2,....M and the rules of the programs of this invention.

The lithography WP processor 22 provides a central pool of data which
provi des data to each of the flowloops L1, L2 and L3 involving a few
(1-2) mnor equipnent units 24, 32,2%24, 132, 224, 232 as well as a few
(1-2) major equipnment units 28, 128,°228 interspersed with the m nor

units as described in nore detail bel ow In loop LI the line 23
connects froghbht I r 22nd 4B R bPAU NEIY 24,
which is con%%%e%#?%ﬁﬁv%ar{cggﬁajﬁﬁﬁ eéc?uiltg%entgn%% whi ch§i s connected by
“line 30 to sBnehidfutarest sS 91nohae nadaiomtoi nest eche mewnLodR, #Nt he | oop
continues on line 34 back to the loop control- ler 22. I n
| oop L2 the DpAkE aglectedndBtgteRr % 1 oop control- ler 22 to minor equi prent

124, which i ted by_lLi 26t ' [ 12 ich i
connect 138 nySI F(r)ug’? %&‘e tf‘Syﬂ?lng"res"é‘%uPBn&ﬁ%. iﬁﬁls?%'?s;b&r'r B’ﬁf"ﬁi I‘?C elqﬁi pment
132, the | 0QRCEQNS] THSS bRln! hdt 1R4tPRCE: el HExLAGP ARk OkRe | oF 22.

program proceeds to stop the routine in step 99.

RULE #3-WIP BALANCE CONTROL BY .LITHOGRAPHY LINE?

Referring to FIG. 3, the computer system 20 is connect-
ed via output lines 30', 30'' and 30''' to a.set of lot flow
loops LS50, L60 and L70 with lots travelling along individual
paths, i.e. path 35 to loop L50, path 35' to loop L60, and
path 35'' to loop L70.

The run rate of the lot flow loops L50, L60, and L70 is
targeted at the average of the values of the upstream run
rate J50 of loop L50 and the value of the downstre;m“ryn
rate J70 of loop L70, as follows: . -

J60 = 50% * (J50% * J70).

For example, the run rate is calculated per twelve (12)
hour shift.

The lots get upgraded/downgraded when the run-rate

falls below or exceeds target by 20%.



In loop L3 the Iine 223 connects from|oop control- ler 22 to m nor

equi pnent 224, which is connected by line 226 to nmjor equi pnent 228,
which is connected by line 230 to m nor equipnent 232. In turn from m nor
equi pnment 232, the | oop continues on |ine 234 back to the |oop control -

ler 22. Each of the loops L1, E22and L3 in FIG 1 can be viewed as a
Kanban (segnent) in a Kanban token system A |ook-up table on the maxi num
and mnimum WP naterials |evel of egggg 91 the loops L1, L2, and L3 is set
up in the dispatching conputer syst —The WP materials within a given
one of the | tel: phe G (EB0) SvAd@Rd gtRa Diy Idi@edl 2RI SAL NG 05BYTPUL €r
system 20 on @ TTX Interval, say one nour, and 1S nade to be
conpared with thevhHidekthe osiblis. thhedriidiaal iyeSdhedplet DE€e raiter@labs
exceeds the set Iimt, each of the lots of the |ithography WP material s
wai ting to bEePERFanGs thedatre fgrvehicho@pcpambeanfr Adedbeen upfeaded in
priority by _one nofch. -19 The
conput er sysPd ﬂ)dﬁﬁgVFﬁ%stqatg’teafﬂit%rsade when

The EDO of each lot is calculated based on the follow-

ing formula:

Start Date + Elapsed Days * (¥ of steps completed)
EDO =

(Total # of steps required to complete lot)

Therefore EDO is an estimated date of completion based
on the percenfage {t) of the steps completed and the amount
of time consumed.

The DELTA is defined by the equation as follows:

DELTA = EDO - OSD

When the value of DELTA is positive, the lot X is ex-
pected to be completed later than the date of commitment and
thus in the absence of any adjustment, the lot x.would be
behind schedule. Then a priority upgrade is given to the
lot X. When DELTA is a negative number, the lot Y is ahead
of schedule. If DELTA is more negative than -7, the lot
priority is changed to 5 which means that the lot is pro-
cessed when time is available.

There is a status upgrade for each three (3) days in

the value of DELTA.



- the downstream quantity of WP material is belowthe lower [|imt which has

been set. The status is set to PR =5 when the process is shut down

and when the quantity of WP nmaterials exceeds a prede- ternm ned high
“limt which has been set. The_systemsets a high limt on WP

materials, as fol- |ows: WP | evel = Raw t hroughput (Q) x MITR

The systemalso sets a lowlimt, as follows: WP level =2 x @ X

theoretical cycl e’ﬁﬁéf’@pi%;]ar SEQY dervgr%de to PR E %g‘g\/ﬂ"; 03D ¥xcé¥ag running

1 lot through lithogra shows a f chart of a program
stored in DADY B§ seveiPNYt &dys20, which provides for downgradi ng and
upgrading the level of a |ot under consideration. The pro- cess starts at
step 90 | eadi ng t oRYLE:#50 QUEUE \PiMEH RURE QR CYCLE| TIMBIREQUITIANG gi ven | oop

#N i s cal cul at ed. Next, in deci sign | ock steps 92 and 93 a pair of
deci- sions are made as to m&!&ﬂm—m@' Nof WP is hi gher or |ower
than a set limt. I L15d .0 18RS KRSt R4t Bf S sigoggnade is "Is
WP Hi gher than ére‘tF ‘f”m“?" .qgﬁﬁét:ﬁe ?esu t o&q’tohe decision in step 92 is
YES that the dhButérhépdtem bain Figat 1hi stdzrtd N stppoSEeGnkdotRéep 94.

line 51 leads to the next step indicated by decision

block 52. The decision block 52 operates upon data from the
monitors M1, M2,...Mn to determine the answer to the ques-
tion as follows:

"Is Queue Time For Lot More Than 12 Hours?"
If YES, (i.e. the decision block 52 determines that the
answer is YES,) then the computer 10 sends a signal via
line 52' to "Upgrade Priority by one Level" block 53 to
upgrade the level of the priority rating (PR = g) by one
level by sending a signal to the production line. ;

Then the algorithm continues with an output from
block 53 on line 53' to "Has Lot Run Ended?" decision
block 56.

If YES, then the output on line 56'' goes to Reset.
Priority to Original Level"™ block 57 which resets the PR
level to PR = 5. Then the output passes from block 57 on

line 57' to the END block 56 to end the algorithm.



- 20 - In step 94, the step of "Downgrade lot priority by "1'" is
performed. After step 94, the program proceeds to step 96. If the
result of the decision in step 92 is NO, then proceed to decision block
step 96. Si mul t aneously with stgp 92, in decision block step 93, a
decision is nmade "Is WP Lower than™ g Limt" as to whether the quantity
of WP is lower than a set limt. If YES, then proceed to step 95.

In step 95, the prfoghanvupputadEsdebision bpoeRrse yisowo," 1t paddes off ter step
95, the program proceeds to step 96. If the result of the decision in step
93 is NO théhngrifidess the "Hads,oThen Retest{ blrck &Sumhieh reryalesi sion in

step 93 is No t{k? roce to ep 9 N MAX" deci sion bl ock
step 96, a t&&? emgge R0 5d‘é‘te Sﬁh ﬁ% c%ﬁéf‘ﬁg? téi‘fc}bfsszt he N | oops have been
tested as to whew%evﬁg’ciéi&wf%ﬂe:ﬁmemmrsféck 52 is N, Y&er then the
program goes to step 99. If, NO the process continues as i ndi cat ed by via
line 97 to s&eqhe@&minbnisﬁertm théeqqmmgltamelmraa&edothesvaw of N by
one

than T, hours, e.g. 12 hours) then an output is generated on

line 52'' which goes to line 56' to the input of the "Wait,

Then Retest" block 55, as described above.

The rules to upgrade or downgrade lot priority are
based on business objectives. Typical rules are as follows:

Cycle time reduction: Queue Time Rule

Priority upgrades are provided based on queue time. For
example: one promotién is allowed within each 12 hour peri-
od, followed by resetting to the default priority rating
PR = 5 after the upgraded lot has been run.

DELIVERY COMMITMENT: DELTA TQ COMMIT DATE RULE

Each lot has an Expected Date out (EDO). An upgrade of
the priority rating PR = X is based on the DELTA between EDO
and the Original Commitment Date (OCD.) For exémple, there
is one (1) promotion for each three (3) days the EDO falls
behind the OCD.

FIG. 4B shows an algorithm stored in DASD 18 which is
an implementation of the Delivery Commitment rule with a
modification of the algorithm of FIG. 4A with the first

decision block 152 being "IS Current Lot 3 Days Behind ?",



towards the maxi mnum val ue of N The process of steps 91-95 until the

val ue of the loop nunber Nis the nmaxi mumvalue, i.e. all of the N | oops
have been processed. If the result of the test in step 96 is NO

- 21 - t hen the program branches back to the "Increase N by 1" step 98
which starts step 91 once again to Pest the new Loop #N just selected in
step 98. After the NOresult of the test in step 96, when the

deci si on haswhbein dhedkst batsde i1F the YToXict@er el e inge cofs DgErya phoceeds
to stop the routine in step 99. RULE #3- W P BALANCE CONTROL BY

LI THOGRAPHY @|Kgmban is at Rdasty 3nday® hﬁﬂ&nd356h¢ﬂulﬁ3npﬁﬁeYE%ySﬁhﬁn 20 is
connect - | i nes 30 o' 0''" tqQ a,set_of flow
| oops L50, LE#‘%}.%I{%BEMY% ?Soa FFQVeﬁ |tﬁg“895?1‘be i T \}Fﬁﬁﬁl of dﬁ’ten
path 35 to | gpp 3ppR 0xh O a%,% gée 70
The run rateaofot IotEP?o ITOO%% ng Léﬁae %P diﬁg Bar lﬁﬂd gt t he
average of tbRrevptdrR&Etabnt DEndlpSitEeny) rade 1iakesgd 60 l@fadEOE@ pRétiang t he
val ue of the downstreamrun rate J70 of |oop 170, as foll ows:

as in FIG. 4A. Otherwise the flow chart is identical to

FIG. 4A as is the algorithm and the description thereof, so

repetition of the description is unnecessary.

Workcenter Rule: Batching and Disbatching Rule

In addition to the built-in priority setting, a rule is
‘'used at each workstation to batch similar lots to be run at
the same time in order to reduce the number of recipe chang-
es and thus to improve the rate of equipment utilization.
(Frequent recipe changes reduce the equipment utilization
rate due to time required to set up each new recipe). For -
each workstation when there is an instruction fréﬁ a spe-
cialist to select lots to run, the computer checks the WIP
materials and automatically identifies the largest batch
with the highest priority lot to be run by the worker.

Réferring to FIG. 5, which is a flow chart of an algo-
rithm for batching stored in DASD 18, the decision on which
lot to run at a particular work sﬁation is based on a previ-
ously assigned PR (priority rating) plus some batching rules
such as running the lots of WIP materials with lower PR

(priority rating) values along with a higher priority lot to



+ J60 = 50% * (J50% * J70). For exanple, the run rate is cal cul ated per

twelve (12) hour shift. The | ots get upgraded/ downgraded when the
run-rate falls belom/or exceeds target by 20%
- 22 - RULE #4 Expected Date Qut (EDO) vs.

Oiginally Schedul ed Date (0OSD) -26-\Wile the OSDis the Oiginally
Schedul ed Date, it also represents the date for which a commtnent has

been nade t ored®led satdp! £ MR YankOté NEhcreabeNBgSipment utiez&Q@hbyeach | ot

is calculated based on the follow. ing formula: Start Date +
El apsed Daysbatghingf. steps corrpl et ed) EDO = (Total # of
steps required to conplete fore EDO is_an estimated date

of conpl etion bas&éd"‘:hé)ﬁgt‘I‘i’en ﬁér BERY f5F F@i) o? thFRsfepsebimBted and the
amount  of TR, QIR Bliority PrTVE B AR § Sefdied Pual NG, GGHaLI On as

foll ows:
queue. In that case, the algorithm shown in FIG. 5 provides

for batching of lower priority lots from PR = 2 to PR = 5
starting at step 40, and line 40' leads to "Is PRl Present"
decision block 41 where the computer system 10 in FIG. 1
operates in decision block 41 upon data from the monitors
M1, M2,...Mn to determine whether any lots of WIP materials
are present on the production line which have PR values of

= 1 (PR1). If decision block 41 determines that the
answer is YES, tﬁen the computer system 20 sends a signal on
line 42 to block 43 to stop the batching process. The step
43 leads via line 44 to step 49 which ends the batching
routine of FIG. 5.

If the decision'blocF 41 determines that there are no

PR1 lots present, then the answer from decision block 41 is
NO and the output on line 45 goes to block 46 to generate
signals calling for batching the lots from PR2 to PRS5. At
the end of the block 46 operation, the output line 47 sends
a signal on line 40' to decision block 41, which repeaﬁs the

functions as desc;ibed above.



DELTA = EDO
ex- pected
t he absence

- Osb When the value of DELTA is positive, the | ot
to be conpleted |later than the date of comnmtnent and t
of any adjustnent, the lot X would be behind schedul e.

priority upgrade is given to the lot X Wen DELTA is a negative nu
the ot Y is ahead of schedule.z;j DELTA is nore negative than -7

priority is

changed to 5 which ntans that the lot is pro- cessed wh

i s available. . Wiirematbsidl s ballfic il MA1F06d Srban RS (3) day

t he val ue of

DELTA. - 23" Ther

st at us downgr ade EashPRracgsgshieh aOSPrbknasidn oED@2biowse \seamerys days.
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; e

TI ME REDUCTI
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conput er syskgm &ékH halsk®ng Ldtel @nhiSe %?{?‘%%559ﬁ§@§;r}et}ee_ ilﬁi %le%%r}j(balgxg

the next step indicated by decision

ecisio

Xis
hus in
Then a
nber,
the | ot
en tine
sS-in
eis a

CYCLE
of
ads to

oper at es upogatiatwhdreorct bel t 1a¥iarer 610dkedVR, Thedl 4 48LELHT fifoddd§ answer

to the gques-

are indicators of depletion or accumulation of material
within the Kanban. The priority upgrade is based on the
DELTA between actual and target hoves. There is one (1)
promotion of all lots within the Kanban when cumulative
moves fall below the target by 5%,

Bottleneck equipment utilization: Segment capaclty rule

Each segment (Kanban) may or may not contain one bot-
tle-neck equipment, which typically has high cost and uncer-
tain performance based on MTTF (Mean Time To Failure) and
MITR (Mean Time To Repair).

When this equipment is down (in a condition of Fail-
ure), the lots from a previous step will be downgraded to
avoid WIP materials buildup. In a normal case, WIP materi-
als staging is necessary to ensure the continuous loading of
this equipment. When the WIP materials between a Kanban
gate and such equipment is below a set point which is equal
to the throughput of equipment multiplied by MTTF, lots at

the previous Kanban gate get a priority promotion.



tion as foll ows: "I's Queue Tinme For Lot More Than 12 Hours?" If
YES, (i.e. the decision block 52 determ nes that the answer is YES,) then
the conputer 10 sends a signal via line 52' to "Upgrade Priority by one
Level " bl ock 53 to wupgrade the level of the priority rating (PR = X) by
one |level by sending a signal to_tzl?‘ng production |ine. Then t he

al gorithmcontinues-wt4:-h an output from block 53 on line 53" to "Has Lot

Run Ended?" deci sion . bl t : line 56" "
goes to Reset Priority %li én KANB HI oR 1 qm& the PR
level to PR = 5. Thergddie xanbantgtaspas & 'myvebhackedr %11|1h§et57meét9 t he
END bl ock 56 to end the al gorithm 24 -

| f the output of thectargmt hhdt&atss ias 1b) quantisysef WIP nlateeidlbs, tax t he
"VWait, Then Retest" bl ock 55 which recgcl es vialine 55 and line 51 to

deci si on bl ock 58quipment pptijhgnegl: wit 0 EsnkeRBageci o MOBPOERTSE 16 NO
(for a determ ngg{,_og}? Eta%a%\a;xQSeg%ea%%dt bBadArabig é\%pdts. TRh&n moves

are below the target, all lots within the Kanban receive a

higher priority PR = X.

FIG. 6 shows a flow chart for a program stored in
DASD 18 to detect and to deal with cases in which the cumu-
lative moves'in the Kanban are 5% below the target.

The program starts in step 70 and pgoceeds along line
to decision block 71 which tests "Are cumulative moves in
the Kanban 5% below target?".

If test 71 determines that the answer is NO, then the
computer system 20 sends a signal on iine 71'' to block 751
to wait and then retest by sending a signal on 1inés 75;'and'
70' to initiate the test 71.

If test 71 determines that the answer is YES, then the
computer system 20 sends a signal on line 71' to block 72 to
upgrade the priority by one level. The step 72 leads via
line 72' to test 74.

In test 74, the "Has Run Ended?" decision block deter-
mines whether the lot run has ended. If the decision block

test 41 determines that the run has ended, then the result



than T1 hours, e.g. 12 hours) then an output is generated on I|ine 52
which goes to line 56" to the input of the "WAait, Then Retest" bl ock 55,
as descri bed above. The rul es to upgrade or downgrade | ot priority
are based on business objectives. Typical rules are as foll ows:

Cycle time reduction: Queue Tinme Ruke9 - Priority upgrades are provided

based on queus tigyand@he EXmPIler s@h@s Pd FRYnadnNabSimdicaved wit Dime each 12
hour peri- od, followed by resetting to the default priority rating PR =
5 after the dfglatedcndbthrasopelne donstep 76. DELI VERY COWM TMENT: DELTA
TO COWM T DATE RU

ach lat has,a t ed te out qu . An

upgrade of the pHEotrl}et )‘/‘lng? %kﬁﬁcﬁ_} ?@igir%gggagntgﬁeameﬁ\ BetWeen EDO
and the Oigipah ' n [%frf‘e (GCD, ﬁ% AR s 1h ' ne (1)
pronotion for eac%t rgteng'i(és1 days theg q_goaﬁijsmbe%i _nder{er(:sgrl&&ﬁq_ FI G
4B shows an abgoéit R ipRbgdah oDATR. 18 dditihues uabil NAHLHRAL AAgON of the
Delivery Commtnent rule with a nodification of the algorithmof FIG 4A
with the firendedeci sion block 152 being "Is Current Lot 3 Days Behind ?",
- 25 - While this invention has been described in terms of the

above specific embodiment(s), those skilled in the art will

recognize that the invention can be practiced with modifica-

tions within the spirit and scope of the appended claims,

i.e. that changes can be made in form and detail, without

departing from the spirit and scope of the invention. Ac-

cordingly all such changes come within the purview of the

present invention and the invention encompasses the subject

matter of the claims which follow.



whi ch checks to see if the lot currently being considered in a Kanban is
at | east 3 days behind schedule. If YES, the block 53 follows as in FIG
4A to upgrade the level of the priority rating (PR = X) by one |evel by
sending a signal to the production line. If NO the line 52'' leads to
block 55 as in FIG 4A. O herwi se3he flow chart is identical to FIG 4A
as is the algorithmand the description thereof, so repetition of the
description is unnecessary. Workcenter Rul e: Batching and Di sbat chi ng
Rul e In addition to the built-in priority setting, a rule is wused at
each workstation to batch simlar lots to be run at the sane tinme in order
to reduce the nunber of recipe cR&AIMS es and thus to inprove the rate of
equi pnent utilization. (Frequent recipe changes reduce the equi pnent
utilization rate due to tine required to set up each new recipe). For

each workstation M%'t t!@gug é sc%’lb {_( V%Wyg'rr?a"fqbar%pgﬁs gﬁﬁneft to

select lots to run, the conpu
aut omat i cal | feilsdgnY ides@sabié ﬂ@%e§Ec@.é’é@fi':y %EBef§@JﬂeﬁQe§E peiority lot

to be run by the worker. Referring to FIG 5, which is a flow chart
of an al go- fplléwsd{ or batching stored in DASD 18, the decision on which
lot to run at a particular work station is based on a previ- ously

assigned PR (priority rating) plus some batching rules such as running the

|h|0tg?1e?f py\ly Er it ;eIer 6}Aeﬁzh\é"dt Qfl gﬁf@at@ﬁg S%én%rf'ac)éur%é ncg)ntr%llugys@en? ng with a

for computer control of work flow in an automatic
mandfacturing production line with a plurality of work
stations at which the progress of work is monitored,
by the steps comprising,

assigning priority ratings to each lot of WIP
materials with said priority ratings ranging from a low

priority rating to a high priority rating.

2. A method in accordance with claim 1 comprising

clocking passage of WIP materials to measure
depletion and accumulation of material at a work
station with increases in priority rating as a function
of the difference of target velocity minus actual
velocity of work with an increase of 1 priority rating
level as the cumulative value of said difference
exceeds a predetermined pexrcentage,

whereby automation of production control of a
manufacturing process is provided by improved automa-

tion of work scheduling.

I



- 26 - reduce setup tine and to increase equipnent utilization by

bat chi ng. Bat ching can be used for PR =3 to PR =5 lots, but only
if NOpriority PR=1and PR =2 |lots appear in the queue. In that case,
the algorithmshown in FIG 5 provides for batching of lower priority lots
fromPR=2to PR=5 starting at ste 40, and line 40' leads to "Is PRl
Present” decision block 41 where the conputer system10 in FIG 1

operates in decision block 41 upon data fromthe nonitors M, M,...M to

determ ne whet her _any lots of WP materjals re,present .on the production
line which have Pﬁ'\‘)%‘r’l?@siaf“?ﬂidénie( C1pdngLCrMRRIHAECK 41 det er i nes
that the answer is Y ¢ &) e L ON@lg on.

line 42 to block 43 t§§?fggs?ﬁ% a?g I ng Sﬁgéggsﬁliﬁgﬁggg%OQﬁgylea S via
line 44 to step 48raiprdsenndsntdie Wabcidtirialeutbn@etdrnfinG whether I f the

deci sion block 41 determ nes that there are no PRl |ots present, then the
answer from deci storbdfiaicker4stép barchingl milxedodopat oHWIP metdBiaimns to
bl ock 46 to generate
stopping batching when highest priority lots are
present, or _
batching lots when no highe;t priority lots are

present.

4. A method in accordance with claim 1 comprising

testing to determine whether highest priority lots
are present in the WIP materials to determine whether
current lot is behind by more than a maximum time,

upgrading priority rating by one level when said
current lot is behind by more than said maximum time,
or

continuing with current priority rating when said

current lot is behind by less than said maximum time.

A



signals calling for batching the lots fromPR2 to PR5. At the end of the
bl ock 46 operation, the output line 47 sends a signal on line 40" to

deci sion block 41, which repeats the functions as described above.

- 27 - WP materials bal ancing: Mdified Kanban Rul e Each
process is a conbination of various- ®egnents (Kanbans) starting or ending
at maski ng steps. Therefore, for each masking step and each wafer start
there is a Kanban gate where activities are clocked. These activities
(nmoves) are indicators of depletion or accunul ation of material wthin
the Kanban. he @ methey irpglcadedémcd)a&w chaimmel fPELBartingef actual and
target noves. There is one gPFnDtlon of all lots within the Kanban

when cunmul ative FPRoTed ¥%1I1TR t?epo $h&'hen BLahey pRkerity ks 1aFfeck
equi prent utili zaatbl gnt S‘_e&n Siﬁap@% téﬁekgl Ss fpcr%owga(:h segnment ( Kanban)
! ot e-

may or may not con arn’ one neck" equi ‘which typically has

high cost and uncer- tbat edUekeEAPAK ndenes ﬂﬂgﬂ\AEEFpﬂ/sﬁM IR sTO Failure)
and MITR (Mean Tine To Repair). When this equi pnent s omm (in a

condi tion of Failare present in the WIP materials to determine whether
priority PR = 1 lots appear in the current lot queue,
If YES, then generate a signal to stop batching of
PR =2 to PR=15, or
If NO then generate a signal fof batching PR2 to
PR5 lots.

6. A method in accordance with claim 1 comprising the
steps as follows:
test to determine whether the queue time for lot
is more than T, hours,
If YES, then upgrade the priority rating, PR = X
level by one level by sending a signal to the
production line,
If NO, proceed to the Wait, Then Retest function,
and
after the upgraded lot has been run, reset to the

default priority rating PR = 5,

UL



~

ure), the lots froma previous step will be downgraded to avoid WP
materials buildup. In a nornal case, WP materi- als staging is necessary

to ensure the continuous | oading of this equipnment. Wen the WP materials

bet ween a Kanban gate and such equipnent is below a set point which is
equal to the throughput of equipnmenss Aultiplied by MITF, lots at the
previ ous Kanban gate get a priority pronotion.

-28 - MODI FI ED KANBAN SHOPFLOOR DI SPATCHI NG SYSTEM Each
Kanban gate hhs aMBethedrifeaccprdanssy wishpehaim (6, copprdaing dicates a | ow

tit f WP materi al s, ' t tl k within the Kgnban. Th
quant ) of VTP TSk gie o SEULBIEs BRLALEIAE N HikRe e, T
are below the targeloedl Lnd Hepoli blifbdd'EnkaBRAL(ROBLYE Gue NaHT DI OMi LY
ow C

PR = X FIG 6 shows a art for a programstored in 'DASD 18 to
detect and to dealand thecosiginal cbhmitrdnt Date; odmt av@ noves in the
Kanban are 5% bel ow the target. The program starts in step 70 and

proceeds along line t®r HigpAnprpgrade] ofhthe PriardtyAratingrul ati ve noves
H 0 Oll
'n the Kanban S/OPbRe|=O\}I(V R?rngGPt is' less than the set limit.

8. A method in accordance with claim 7 comprising the
steps as follows: providing one promotion for each N,
days the EDO falls behind the OCD, and

after the uggraded lot has been run, reset to the

default priority rating PR = 5,

9. A method in accordance with claim 1 comprising the
steps as follows:
test to determine the whether tﬁe cumulative moves
in a Kanban are X% below target,
If YES, then upgrade the priority ratihg, PR = X
by one level, and '
If NO then continue to test whether the cumulative

moves in a Kanban are X% below target.

10. A method in accordance with claim 9 comprising the
Steps as follows:
wherein said test is made to determine the whether

the cumulative moves in a Kanban are 5% below target.

R



If test 71 determ nes that the answer is NO then the conputer system 20
on line 71'' to block 75 to wait and then retest by sending

sends a signha

a signal onlines 75 and 70" to initiate the test 71. If test 71
determ nes that the answer is YES, then the conputer system 20 sends a

signal on line 71' to block 72 to upgrade the priority by one level. The
step 72 leads via line 72" to test 74. In test 74, the "Has Run
Ended?" decision block deter- mnes whether the lot run has ended. If th

deci si on bl ock

end the routine in step 7
t hieps asgﬂallaws.llne 74

answer i s NG

e

test 41 determ nes that the run has ended, then the result
- 29 - is YE§1an0htmhsarfPHt£éco§eaﬁée au%hga@bmsalduihp@qbeﬂ bihd i ne

above. The programof FIG 6 continues until the run has ended.
Waile this invention waerpéersaidsépshelf Mideckardeferide whetkergdeific

embodi nents, those skilled in t e qr w || cogni ze that the invention
can be practiced Vﬁ%q? fhals i g 3"8ay¥ 'venih§S

12.

A manufacturing control system providing computer
control of work flow in an automatic manufacturing
production line with a plurality of work stations at
which the progress of work 15 monitored, by the means
comprising,

means for assigning priority ratings to each lot
of WIP materials with said priority ratings ranging
from a low priority rating to a high priority rating,

means for providing an increase in the priority
rating of a lot as a2 function of increasing gqueue tinme,

means for providing an increase in the priority
rating of a lot as a function of the difference expect-
ed date out minus commitment date, and

means forlresetting to a default priority rating,

after the lot is run.

74"

t he deci si on bl ock 74 finds that the
goes to block 75 as descri bed

)0 A

to



tions within the spirit and scope of the appended clains, 1i.e. that
changes can be made in formand detail, without departing fromthe spirit
and scope of the invention. Ac- cordingly all. such changes conme within the
purvi ew of the present invention and the invention enconpasses the subject

matter of the clainms which follow _35._ -30 -
CLAI V5 Havi ng thus described the invention, what is clained as new
and desirable to be secured by Letters Patent is as follows: 1. A

nmet hod of operating a manufacturing control sxstem for conputer
control of whfk A GUSEAMain Afcordanee with chaims b2 1GaAMPE4ShREduct i on | i ne
with a plurality of wor

K ta#ons at. _whic rogress of work is
noni t or ed, by t {§287 e$)°§ Eiﬁﬁ #%? _r*’ga,ss’ag_e °p H}’e “%é"s?%éﬁiﬁg priority
ratings to each Il ,RbnEE measure@épIdtllon Whithaddlsh1Rtii@hi by ratings
ranging froma | ow '

material at a work station with lncreases in priority

rating as a function of the difference of target

. velocity minus actual velocity of work with an increase
of 1 priority rating level as the cumulative value of
said difference exceeds a predetermined percentage,
whereby automation of production control of a

manufacturing process is provided by improved automa-

tion of work scheduling.

14. A system in accordance with claim 12 comprising

means for testing to determine whether highest
priority lots are present in the WIP materials to
determine whether to batch or stop batching mixed lots
of WIP materials,

means for stopping batching when highest priority:
lots are present, or

batching lots when no highest priority lots are

present.

| RN O



priority rating to a high priority rating. 2. A nethod in accordance

with claiml conprising cl ocki ng passage of WP materials to
nmeasur e depl etion and accunul ation of material at a work

station with increases in priority rating as a function of the
difference of target velocity m nus-ggtual velocity of work with an
I ncrease of 1 priority rating | evel as the cunul ative val ue of said
di fference exceeds a predeterm ned percentage, wher eby
aut omati on of production control of a manuf acturing process is
provi ded by iy¥pr oxesysdgmoam- accordanceonicd claik $2heshgdoisdng

-31 - 3. A nethod in accordance with claim1l conprising
testing to deternine vkeangefoni ¢aftdngpke (#9teFmisgeswhether Aighegstesent in the

ot s ot W mat or Palerty 1ot mregenr P\ oXE iR chasRARROKEC: "or or 1y
lots are Pr Q8€0imi Y whether current lot is behind by more than a
maximum time,
upgrading priority rating by one level when said
current lot is behind by more than said maximum time,
or
continuing with current priority rating when said

current lot is behind by less than said maximum time.

16. A system in accordance with claim 12 for batching of
PR = 2 to PR = 5 lots when higher priority lots are
absent, comprising means for performing the functions
as follows:

means for testing to determine whether highest
priority lots are present in the WIP materials to
determine whéther priority PR = 1 lots appear in the
current lot queue,

' If YES, then generate a signal to stop batching of

PR =2 to PR =05, or

If NO then generate a signal for'batching PR2 to

PR5 lots.

UL



bat ching | ots when no highest priority lots are present. 4. A
nmet hod in accordance with claim 1 conpri sing testing to
determ ne whet her highest priority lots are present in the WP
materials to determ ne whet her current lot is behind by nore than a
maxi mum ti e, upgrading priority rating by one | evel when said
current lot is behind by nore than said maxi numti ne, or

continuing with current priority rating when said current lot is
behind by |l ess than said nmaxi numti ne. . =32
- 5. A nethod in accordance with claim1 for batching of PR = 2
to PR = 5 | ots when higher priorif? Fots are absent, conprising the
steps as foll ows: test to determ ne whet her highest priority

| ots are present in the WP materials to determ ne whet her

priority PR =1 |lots appear in the current |ot queue, I f YES,

then generajig, apskgRabn it 2ceBrdHE W8 ¢1ain 12 comprising means
for performing the functions as follows:
means for testing to determine whether the queue
time for lot is more than T, hours,
If YES, then upgrade thé priority rating, PR = X
level by one level by sending a signal to the
production line, .
If NO, broceed to the Wait, Then Retest function
and

after the upgraded lot has been run, reset to the

default priority rating PR = 5.

18. A system in accordance with claim 16 comprising means
for performing the functions as follows: means for
testing to determine the queue time for a lot, the
DELTA between the Expected Date Out, EDO, and the
Original Commitment
Date, OCD, and

providing an upgrade of the priority rating
PR = X if WIP is less than the set limit.

13. A system in accordance with claim 16 comprising means
for performing the functions as follows: providing one

promotion for each three days the EDO falls behind the
oCcD, and |

after the upgraded lot has been run, reset to the

T

default priority rating PR = 5,



PR=2to PR=25, or If NO then generate a signal for batching
PR2 to PR5 | ots. 6. A nmethod in accordance with claim 1 conprising
t he steps as foll ows: test to determ ne whet her the queue
time for |ot is more than T1 hours, I f YES, then upgrade
the priority rating, PR = X - 384 evel by one level by sending a
signal to the production |ine, If NO, proceed to the
Wait, Then Retest function, and after the upgraded | ot has
been run, reset to the default priority rating PR = 5.

- 33 - 7. A nmethod in accordance with claim®6 conprising the st eps

as follows: Rest AsyRiedr ThnecddidadueuRitl allAr 12 comprlslial, mésxes DELTA
bet ween the Expected Date Qut, EDO and the Oiginal nm t nent Date,
QCD, and for pexfioaming dheufynatitonst ashfopiéwsity rating -

means for testing to determine the whether the
cumulative moves in a Kanban are X% below target,

If YES, then upgrade the priority rating, PR = X

by one level or

If NO then continue to test.whether the cumulative

moves in a Kanban are X% below target.

2l. A system in accordance with claim 20 comprising means
for performing the functions as follows:
wherein said test is made to determine the whether

the cumulative moves in a Kanban are 5% below target.

22. A system in accordance with claim 19 comprising means
for performing the functions as follows:
wherein said test is made to determine whether the

value of N, equals 3 days behind.

23. A method in accordance with claim 1 comprising
providing an increase in the priority rating of a
lot as a function of increasing queue time,
providing an increase in the priority rating of a
lot as a function of the difference comprising the
expected date out minus commitment date, and
resetting to a default priority rating, after the

lot is run.

* c L M S *



PR=Xif WP is less than the set limt. 8. A nethod in accordance
with claim?7 conprising the steps as follows: providing one pronotion
for each N1 days the EDO falls behind the OCD, and after

t he upgraded | ot has been run, reset to the default priority rating
PR = 5. 9. A nethod in accordane@®with claim1 conprising the

steps as fopd Owg pethod in acc‘:@%&né@ wieheria i Aheompeiseag t he cunul ative

noves I n a Kanban are X% bel ow target, I f~ YES, then
upgrade the priorityclotking paBsage of WIP materimlsone heasire ategppletion
If NO then continue to test whether the cunul ative noves in a
Kanban are X% beéns\vacgegetation) of matanigddat @ Hadk gaabLomitiEhcdarm 9
conprising the .. steps_as _follows: wherein said test is nade
to deternine tfmfﬁﬁ%??ﬁeﬁg p£i°rigﬁex%§}ﬁﬂ 871 3 TYRSRST n a Kanban are 5%
bel ow target.  gf the difference of target velocity‘hinus actual velocity
of work with an increase of 1 priority rating level as the
cumulative value of said difference exceeds a predetermined
percentage, :
whereby automation of production control of a
manufacturing process is provided by improved automation of

work scheduling.

25. A method in accordance with claim 23 comprising
testing to determine whether highest priority lots are
present in the WIP materials to determine whether to batch
or stop batching mixed lots of WIP materials,
stopping batching when highest priority lots are
present, or
batching lots when no highest priority lots are

present.

26. A method in accordance with claim 23 comprising
tésting to determine whether highest priority lots are
present in the WIP materials to determine whether current
lot is behind by more than 2 maximum time,
upgrading priority rating by one 1evel when said
curient lot is behind by more than said maximum time, or
continuing with current priority rating when said

current lot is behind by less than said maximum time.

R



11. A method in accordance with claim8 conprising the Steps as

fol | ows: wherein said test is nmade to determ ne whether the

val ue of Nl equals 3 days behi nd. 12. A manufacturing control system
provi di ng conputer control of work flow in an automatic manufacturing
production line with a plurality of -wWrk stations at whi ch the
progress of work is nonitored, by the neans conpri si ng,

means for assigning priority ratings to each |ot of WP materials
with said priority ratings ranging froma lowpriority rating to a
hi gh priority rating, means -f or prOV|d|ng an increase in the
priority

rati ng, of ot as,a fun t|o creaS|n ueue _ti ne,
means for pr /it dih %gneﬁgﬁqu?ntcﬁe g atjﬁ" i’ Cr"é-“&f °f lot as a
function of the dbﬁfgrfrgoepaxgegtrots whe el?iﬂfé:e o1} 1/ L&sotcsogq:]gt ment date,
and means for resetting to a a r|or|t€ ratlng,
after the lot is abBent, comprising the steps as follows:
test to determine whether highest priority lots
are present in the WIP materials to determine whether
priority PR = 1 lots appear in the current lot queue,
If YES, then generate a signal to stop batching of
PR =2 to PR =5, or
If NO then generate a signal for batching PR2 to

PRS lots.

28. A method in accordance with claim 23 comprising the
steps as follows:
test to determine whether the queue time for lot
is more than T, hoﬁrs, |
If YES, then upgrade the priority rating, PR = X
level by one level by sending a signal to the

production line,

If NO, proceed to the Wait, Then Retest function

and
after the upgraded lot has been run, reset to the

default priority rating PR = 5.

Ty



-35 - 13. A systemin accordance wth claim 12 conprising

means for clocking passage of WP materials bet ween to neasure

depl etion and accumnul ati on of material at a work station with
increases in priority rating as _a function of the difference of target
velocity mnus actual velocity of WOk with an increase of 1 priority
rating |l evel as the cunmul ative val ue of said difference exceeds a

pr edet er mi ned percent age, wher eby aut omati on of production
control of a - manuf acturi ng process is provided by inproved autona-
tion of work scheduling. 14. A systemin accordance with claim12
conprising 29, A me ng r gh N agyifl I hest
priority lots are préggﬁfmﬁnif%ﬁfqaﬁgéna%%ﬁ“é?igﬁ 2o e?grﬁr%e whet her
to batch or stop beepdiasg folkeds dest to det@irmihE tRé ajucies time for

means for stopping batching when highest priority | ots are present,
or bat @hlely |thesDHMEN bedwRphHthe ExpectedyDatr Oudr,e EDO,
present.

and the Original Commitment Date, OCD, and
pgoviding an upgrade of the priority rating
PR = X if WIP is less than the set limit.

30. A ﬁethod in accordance with claim 28 comprising the
steps as follows: providing one promotion for each N,
days the EDO falls behind the OCD, and

after the upgraded lot has been run, reset to the

default priority rating PR = 5.

31. A method in accordance with claiﬁ 23 comprising the
steps as follows: _
test to determine the whether the cumulative moves
in a Kanban are X% below target, .
If YES, then upgradé the priority rating, PR = X
by one level, and ‘
If NO then continue to test whether the cumulative

moves in a Kanban are X% below target.

32. A method in accordance with Elaim 28 comprising the
steps as follows:
wherein said test is made to determine the whether

the cumulative moves in a Kanban are 5% below target.

L



~-36 - 15. A systemin accordance wth claim 12 conprising
nmeans for testing to determ ne whether highest priority lots are
present in the WP materials to determ ne whether current lot is
"behind by nore than a maxi mum ti e, upgrading priority
rating by one | evel when said -gurent lot is behind by nore than said
maxi mum ti ne, or continuing with current priority rating
when said current lot is behind by |ess than said maxi nrumtine.
16. A systemin accordance with claim 12 for batching of PR - 2 to PR
= 5 lots when higher priority lots are absent, conprising neans for
performng th@3lungimdikod in acdrdankbOWth claim 8 com fgfﬁg fhet €SLING tO
det er mi ne whet her hi ghest priority lots are present 11 the WP
materials to stleperas Molidwdher priority PR = 1 lots appear in the.

current | ot queue, If YES, then generate a signal to stop
bat chi ng of wherein said test is made to determine whether the

value of N; equals 3 days behind.

I g g
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PR=2to PR=25, or If NO then generate a signa

for batching

PR2 to PR5 | ots. - 37-

17. A systemin accordance with claim 12 conprising neans for
perform ng the functions as foll ows: means for testing to

det ermi ne whet her the queue ti43 f£or lot is nore than T1 hours,

I f YES, then upgrade the prlorlty rating, PR = X | evel by one

| evel by sending a SHOE )R {DISPATCHING 5Y5T~' BAS G | f
NO, proceed to the Wil pd after the

upgraded | ot has bee G
5. 18. A systemin accordance mnth claim 16 conpr|5|ng
perform ng the functions as follows: nmeans for

ABSTRACT OF THE DISCLOSURE

nmeans

In a manufacturing control system for computer control of

ity rating PR =

for

work flow in an automatic manufacturing production line with

a plurality of work stations at which the progress of work

is monitored, priority ratings are assigned to each lot of

WIP materials with the priority ratings ranging from low to

high. The priority rating of a lot increases as a function

of increasing queue time, and as a function of the differ-

ence comprising the expected date out minus commitment date.

The priority rating is reset to a default value after the

lot is run. The passage of WIP materials is clocked to

measure depletion and accumulation of material at a work

station with increases in priority rating as a function of
the difference of target velocity minus actual velocity of
work with an increase of one priority rating level as the

cumulative value of the difference exceeds a predetermined

percentage.

{ FIGURE 1 IS SUGGESTED FOR PUBLICATION )



testing to determne the queue tine for a lot, the DELTA between the

Expected Date Qut, EDO and the Original Comm t nent Date, QOCD,
and provi di ng an upgrade of the priority rating PR = Xif
WP is less than the set limt. 19. A systemin accordance with claim 16
conpri si ng neans for performng the functions as follows: providing
one pronotion for each three days the EDO falls behind the QOCD,
and after the upgraded'ﬂé?‘has been run, reset to the .
default priority rating PR = 5. -38 -

20. A systemi® accordance with claim12 conbﬂising means for

performng thef fu i f of | ops+ nmegRs—for—testing to
determ ne the her Mhe mul M2 ve ?.%n a KkKamban lare X% bel ow
t ar get, ILf _YES. tthen u prioribty rating JPR = X

by one | evel or

k—
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e

If NO then continue to test whether the cunul ative noves in a
Kanban are X% bel ow target. 21. A systemin accordance with claim 20
conpri si ng nmeans for performng the functions as foll ows:
wherein said test is made to determ ne the whet her t he cunul ative
noves in a Kanban are 5% bel ow target. 22. A systemin accordance with
claim 19 conprising neans faoroperformng the functions as follows:
wherein said test is nmade to determ ne whet her the val ue of N1 -equals
3 days behi nd. 23. A nethod in accordance with claim 1 conprising
providing an increase in the priori ating of a | ot as a function
of increasing queue tine, OvVhdi ng an in ase in the priority
rating of a | ot as a99unc i §JA%TtO e di fferencgéonpri sing the

expected date out mnus commtnent s and ( resetting to a
default priority rating, affer—the TOor s run.
-39 - 24. A nethod ingaccord@ﬁcLeC{oﬁLIAqTE MNhP3, conplil NGREASE

— | IN LOOP #N N BY 1

N
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cl ocki ng passage of WP materials to neasure depl etion and

accunul ation of material at a work station with in- creases in
priority rating as a function of the difference of target velocity

m nus actual velocity of work with an increase of 1 priority rating

| evel as the cumul ati ve value of said difference exceeds a

pr edet er m ned per cent age, wher eby automati on of production
control of a . nanufacturing3ﬁﬁbcess is provided by inproved automat.ion
of wor k schedul i ng. 25. A nmethod in accordance with claim23

conpri sing testing to determ ne whether highest priority lots
are present in the WP materials to determ ne whether to batch

or stop batching mxed lots of WP material s, st oppi ng bat chi ng
when highest priority lots are - present, or bat ching lots
when no highest priority lots are present. 26. A nethod in
accordance with claim23 conpri sing testing to determ ne whet her
hi ghest priority lots are present in the WP materials to determ ne
whet her current l ot is behind by nore than a maxi numtine,

upgrading priority rating by one | evel when said current lot is
behi nd by nore than said maxi numtinme, or

20— COMPUTER
SYSTEM
30"’ . 30"
\./30“

-f> L50 _—f> L60 -We{ L70

SJSO ks S J60 S S J70
34 34 340

35

FIG., 8



continuing wwth current priority rating when said current lot is

behind by | ess than said maxi numti ne. -40
- 27. A nmethod in accordance with claim 23 for batching of PR =
2 to PR=51lots when higher priority lots are absent, conprising the
steps as foll ows: test to determ ne whether highest priority
| ots are present in the WP gg[prials to determ ne whet her
priority PR =1 lots appear in the current |ot queue, I f YES,
then generate a signal to stop batching of PR=2to PR=25, or
If NO then generate a signal for batching PR2 to PR5 | ots. 28. A
nmet hod in accordance with claim23 conprising the steps as follows:
test to determ ne whether the gueue tine for |ot is nmore than T1
hour s, YEZ then ade the priority rating, PR = X
éb‘-’% SH%AR%pg) P 55" y J
) 55
51— )
WAIT,

THEN RETEST

1S

QUEUE TIME
FOR LOT MORE
THAN 12
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?

~ 58"
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—52"

53
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-BY ONE LEVEL
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~37"

57

56 END

FIG. 44



level by one | evel by sending a signal to the production |ine,

If NO, proceed to the Wait, Then Retest function and after
t he upgraded | ot has been run, reset to the default priority rating
PR = 5. - 41 - 29. A nethod in
accordance with claim 27 conprising the steps as follows: test to
determ ne the queue time for _s/;_.a lot, the DELTA between the Expected
Date Qut, EDO, . and the C)lglnal Conmi t ment Date, OCD, and

prOV|d|ng an upgrade of the priority rating PR=Xif WP is less
than the set [imt. 30. A nethod in accordance with claim 28 conprising
t he steps as follows: providing one pronotion for each N1 days

the EDO falls behind the after the upgraded | ot has
been run, reset to g -ﬁehqult priority é@%jng PR = 5.
) 55
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HS 56"
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57’
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ﬂuéifmA-ﬁethod in accordance with claim 23 conprising the steps as

fol | ows: test to determ ne the whether the cumul ative noves
in a Kanban are X% bel ow target, . I f YES, then upgrade the
priority rating, PR = X by one | evel, and I f NO t hen
continue to test whether the cunulative noves in a Kanban are X%
bel ow t arget. 32. Anethod in @gcordance with claim28 conprising the
steps as follows:. wherdi'n said test is nade to determine the
whet her the cumul ati ve noves in a Kanban are 5% bel ow t ar get .
- 42 - 33. A nethod in accordance with claim38 conprising the
steps as follows: wherein said test is nade to determ ne whet her
t he val ue of Nl equals 3 days behi nd.
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