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SHOP-FLOOR DISPATCHING SYSTEM BASED ON VOTING

SCHEME FOR SEMICONDUCTOR WAFER FABRICATION

BACKGROUND OF THE INVENTION

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

result of the unpredictable nature of the schedule of the
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manufacturing process the status of the quantity of WIP

materials varies based upon the quantities of the lots of
product to be released and the status of equipment and other
vagaries of the manufacturing process.

The shop-floor dispatching of lots of work, i.e. choos-
ing which lot to run, is always difficult to manage in a
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
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available Kanban tokens are all tied up to respective lots,
no additional lot is allowed to be enter into the Kanban
from an upstream process step. This is called a Kanban gate
and the gate is shut when there are no available tokens for
accepting a lot from an upstream Kanban.

Using this method, the quantity of WIP materials
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.
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2, Those digital Kanban systems value cycle time more than
capécity, which is a narrow view of the objective of factory
management. For example, equipment utilization is likely to
be sacrificed to reduce cycle time because of the higher
priority assigned thereto. That is an inefficient choice
which may reduce production volume because of the probabili-
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
tokens 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
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to know because in a semiconductor manufacturing process
some pleces of equipment have more than one recipe to sup-
port steps in different Kanbans. During each day, if a
piece of equipment 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 will have less
capacity. 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

\
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in a manufacturing system from hour to hour to make a deci-
sion on the optimum number of tokens to be allotted for each
Kanban.

SUMMARY OF THE INVENTION

In accordance with this invention, a method is provided
for operating a manufacturing control system for computer
control of work flow in an automatic manufacturing produc-
tion line with a plurality of work stations at which work
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.
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Preferably PR = 2 to PR = 5 lots are batched when high-
er priority lots are absent, by the steps of testing to
determine whether highest priority lots are present in the
WIP materials to aetermine whether prioriﬁy 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.

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 queue 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



~8 -

one level, and if NO then continue to test whether the cumu-
lative moves in a Kanban are X% below target.

In addition,-ﬁest to determine the whether the cumula-
tive moves in a Kanban are 5% below target.

Another step is to test to determine whether the value
of N, equals 3 days behind.

It is preferred 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
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is monitored. The means provided comprise means for assign-
ing priority ratings to each lot of WIP materials with the .
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 a function of increasing queue
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.
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Preferably, there are means for testing to determine
whether highest priority lots are present in the WIP materi-
als to determine whether current lot is behind by more than
a maximum time, upgrading priority rating by one level when
the current lot is behind by more than the maximum time, or
continuing with current priority rating when the
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 run, 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
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Commitment Date, OCD, and providing an upgrade of the prior-
ity rating PR = X if WIP is less than the set limit.

Preferably the system includes meansfor performing the
functions of providing one promotion for each three days the
EDO falls behind the OCD, and after the upgraded lot has
been run, reset to the default priority rating PR = 5.

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
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provides for downgrading and upgrading the level of a lot
under consideration.

FIG. 3 shows the computer system 20 is connected via
output lines to a set of lot flow loops with lots travelling
along individual paths to loops.

FIG. 4A shows a flow chart of another algorithm storéd
in the DASD of computer system in FIG. 1.

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
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of these features, the system used employs an essentially
fuzzy logic approach.

Fuzzy logic is the opposite of digital logic which pro-
vides a specific outcome based on a fixed set of inputs.
Fuzzy logic provides results in a shade of grey instead g;
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 say 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
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number and the present invention appfies to any number which
is an integer above 2.

Referring to FIG. 1, a computer system 20 has a central
processing unit (CPU) 14 connected to receive data on
lines 11, 12 and 13 from monitors M1, M2,....Mn for operé}
tion of a manufacturing facility with work flowing alongw
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,
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SHOP FLOOR SCHEDULING SYSTEM
A shop floor scheduling system in acéordance with this
invention has a number of features as follows:
A) All lots have one of the five priorities assigned
thereto. Most lots start with priority PR = 5. A so-called
"hot" lot, of high priority starts with or is assigned the
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
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with the rules of the system, as described elsewhere here-
in.)
D) Priority PR = 5 is reserved for process/equipment which
is .shut down. WIP materials with the PR = 5 rating are run
only when no other, higher priority, work is waiting to Se
processed by the production line.
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 #2-MODIFIED 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
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utilize the major equipment in the loop while not building
excessive quantities of WIP materials, which increase (hurt)
cycle time.

As stated above, the computer system 20 has an output
line 21 which is connected to lithography WIP loop processor
22, The processor 22 supplies data to loops L1, L2 and L3.
Output line 21 érovides 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,
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In loop L2 the line 123 connects from loop control-
ler 22 to minor equipment 124, which 1is connected by line
126 to major equipment 128, which is connected by line 130
to minor equipment 132. In turn from minor equipment 132,
the loop continues on line 134 back to the loop control-
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.
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The computer system 20 provides a status upgrade when
the downstream quantity of WIP material is below the lower
limit which has been set.

The statﬁs is set to PR = 5 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.
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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.

Simultaneously with step 92, in decision block step 93,
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 96.

' 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,
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then the program branches back to the "Increase N by 1" step
98 which starts step 91 once again to test the new Loop #N
just selected in step 98.

After the NO result of the test in step 96, when the
decision has been made that N is the maximum value, the
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%.
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RULE #4
Expected Date OQut (EDO) va. Originally Scheduled Date (OSD)

While the 0OSD is the Originally Scheduled Date, it also
represents the date for which a commitment has been made to
make a delivery to the customers,

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.



There is a status downgrade to PR = 5 when 0SD exceeds
EDO by seven (7) days.
RULE #5 QUEUE TIME RULE FOR CYCLE TIME REDUCTION

CYCLE TIME REDUCTION

In FIG. 4A another algorithm (stored in DASD 18 of
computer system 20 in FIG. 1) starts at step 50, and the
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 = X) 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.
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If the output of decision block 56 is NO, it passes on
line 56' to the "wait, Then Retest" block 55 which recycles
via line 55' and iine 51 to decision block 52.

If the decision from the decision block 52 is NO, (for
& determinations that the gueue time for the lot is more
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 ?",
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which checks to see if the lot currently being considered in
a Kanban is at least 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 oﬁe level by sending a signal to
the production line. If NO, the line 52'' leads to block 55
as in FIG. 4A. Otherwise the flow cﬁ;rt 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 station 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
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reduce'seiup time and to increase equipment utilization by
batching. |

Batching can be used for PR = 3 to PR = 5 lots, but
only if NO priority PR = 1 and PR = 2 lots appear in the
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
PR = 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
@ signal on line 40' to decision block 41, which repeats the

functions as desc;ibed above.
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WIP materials balancing: Modified Kanban Rule

Each process is a combination of various segments
(Kanbans) starting or ending at masking steps. Therefore,
for each masking step and each wafer start there is a Kanban
gate where activities are clocked. These activities (moves)
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.
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MODIFIED KANBAN SHOPFLOOR DISPATCHING SYSTEM

Each Kanban gate has a move target. Failing to meet

the target indicates a low quantity of WIP materials, or
‘equipment bottleneck within the Kanban. The move target is
set by Fab manager based on desirable output. When 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 p;oceeds 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
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L5 ¥ES and the computer sends a signal as indicated by line

74'' to end the routine in step 76.

If the decision block 74 finds that the answer is NO,
then a signal on line 74' goes to block 75 as described
above. The program of FIG. 6 continues until the run has
ended.

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.
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CLAIMS

Having thus described the invention, what is claimed as

new and desirable to be secured by Letters Patent is as

follows:

A method of operating a manufacturing control system
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.

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
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A method in accordance with claim 1 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 highe;t.priority lots are

present.

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
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A method in accordance with claim 1 for batching of
PR = 2 to PR = 5 lots when higher priority lots are
absent, 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=15, or
If NO then generate a signal fof batching PR2 to
PR5 lots.

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,

L
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7. A method in accordance with claim 6 comprising the
steps as follows: test 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.

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 sald test is made to determine the whether

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

R
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A method in accordance with claim 8 comprising the
steps as follows:
wherein said test is made to determine whether the

value of N, equals 3 days behind.

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.

L
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13. A system in accordance with claim 12 comprising
means for clocking passage of WIP materials
between to measure depletion and accumulation of
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
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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 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 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
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A System in accordance with claim 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, '

LY

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.

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.

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,
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20. A system in accordance with claim 12 comprising means
for performing the functions as follows:
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 *
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24. A method in accordance with claim 23 comprising
clocking passage of WIP materials to measure depletion
and accumulation of material at a work station with in-
creases 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 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



27. A method in accordance with claim 23 for batching of
PR = 2 to PR = 5 lots when higher priority lots are
absent, 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
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A method in accordance with claim 27 comprising the
steps as follows: test to determine the queue time for
2 lot, the DELTA between the Expected Date Out, EDO,
and the Original Commitment Date, QCD, and

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

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.

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
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33. A method in accordance with claim 8 comprising the
steps as follows:
wherein said test is made to determine whether the

value of N; equals 3 days behind.

g
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