TITLE SYSTEM AND METHOD FOR MANUFACTURING PLANNING AND CONTROL
BACKGROUND OF THE INVENTION Field of the Invention The present invention relates to
manufacturing management, and in particular to a system and method of manufacturing planning and
control with a fixed planning schedule for an order using a statistical process control (SPC) method.
Description of the Related Art Supply chain is important for modern enterprises, systemizing purchase
of materials, transformation of materials into interpeghiate and finished products, and distribution of
finished products. In the supply chain, customers transmit requests (demands) consisting of a

request foragg ,J ) rﬁ&g tit Tofaerc')duct by a speC|f|c date to a manufacturer and the
manufacture Vet :

Petiia . &atisfy each
customer. Supply chain management has become an |mportant issue to meet the goals of reduced
inventory and increased productiiyxGanvensionallyresauroesangyfacilities of a production system
are regarded as limiting factors. Therefore, not every customer request may be met, since some may

be promisedrseme sy sdfet dgadaguate supply, and others rejected. Consequently, effective
demand and capacity management in-supply chain management without excess capacity loss has
become 1 - The present invention relates to manufacturing

i‘ :Il.- ad

a@nagement and in particular to a syst@m and method of
manufacturlng planning and control with a fixed planning
schedule for an order using a statistical process control

. (SPC) method

Description of the Related Art
Supply chain is important for modern enterprises,’
systemizing purchase of materials, transformation of
materials into  intermediate and finiéhed products, and
- distribution of finished products. In the supply chain,
customers transmit‘ requests {demands). coasisting of a
request for a particular guantity of a product by a
speczflc date to a manufacturer, and the manufacturexr
plans its manufacturing schedule accarding to these

""""" - | received requests to satisfy each customer.

Supply chain management has become an important
issue to meet the goals of reduced iaventory and
increaséd.-pioductivity; ' Qonvenﬁionaily, _resources 'and
facilities of a prodﬁctioh system ara regarded as
‘limiting factors. Therefore, not every customer requesﬁ
may be met, since some may be promised, some may suffer
inadeguate supply, and others‘ rejected. Conseqaentlyf
effective demand and capacity management in supply chain

management without excess capacity loss has becone



fundamental and critical for most manufacturing and distribution organizations. Supply chains exist in
most manufacturing environments, although the complexity of the. chain. may vary greatly from
industry to industry and firm to firm. For integrated circuit (IC) foundries, the manufacturing process of
each IC productis complicated and varies and the cost of wafers and capacity is relatively high. Many
commercial supply chain solution providers prowde packaged systems for clients to install ' and
follow, such%é%@&ﬂﬁﬁﬁgy GPADEXAlRE PIr a TRaNUfaRETEr oPatarient aptoductiom scheduling
engine is ugiagly%rggeﬁ '83}?‘33&@@5 lo arrange resources and materials for a production plan.
e

The production uling engiries provi de a master production schedule (MPS) for the manufacturer

or factory to follows rfnweyer, cenventional predyetion scheduling, epgines, arg, £esigned g meet the
best interests of the manufacturer or factory. More specifically, conventional production scheduling

engine are S8GIARTRENS Yendratdw wahimbhe costmpptissl tapazily, ane lonhiaventany MPS. For
IC foundrles conventlongg% oduction, scheduh? }_1 nglnes recalculate and generate an updated MP.S
ivi

to optimize YaEdurddSan apacity ' WHERTEE g nel CBRier Viteh Ibts e Fannirgt thereinafter
referred as markipEQeEsEWIR); theuWPS ds still ghanged ; indicating rolling produc d'é’ Séhed“'es

for running lots for 'optimization of foundry resources. It becomes difficult to promise delivery of their
lots becausg®fcess of each IC product is complicated and varies and

the cost of wafers and Capacity is relatively high.
Many commercial supply chain soclution ‘providers

provide packaged systems for - clients to install  and.

ST

féllow, such as 12 technology or ADEXA Inc. For a
manufacturer or a factory, a production scheduilng englne
is usually embedded in the systems to arrange resources
and materials for a production plan. The productionf
scheduling ' engines provide a master ptoduction schedule
(MPS} for the manufacturer or 'factory to follow
However} conventional production schedullng engines are
de51gned to meet the best lnterests of the manufacturer'
or factory. More specxflcally, conventlonal production
schedullng englne are programmed to generate a minimum-~
cost, optimal- capac1ty, and low-inventory MPS.

For IC foundries, conventional production schéduling
engines recalculate and generate an 4Updated MESl to
cptimize resources and capacity = when receiving new
orders. When lots arénrunning {(hereinafter referred as
workminuproéess, WIP), the MPS is still changed,
indicating rolling production schedules for running lots
for optimization of foundry resources. . It becomes
difficult to promise delivery of their lots because of

the rolling MPS.



the rolling MPS. 2 When a preferable plan engine is provjded so that t_he rolling MPS can be
accurately obtained, however, manufacturing execution in the proq.uc_tlon system may not match the
manufacturing plan, due to problems in execution, such as unfgmlllarlty on t_he pa}rt of the
manufacturer with the production system, or problems in planning, such as ill-defined parameter

[ [ - [ [ facturing plan and
settings provided to.the plan engine. Generally, a checking process between manu plan é
execugtioﬁ in the prﬁ&h%ﬁonasyﬁgrenr}%?@ '?edpgc?ﬁwaféﬂ%élﬁlaﬁﬁncpé@@cﬁéﬁ. HoWwetdralt is difficult

to determine thepproliemsyyeith t rogucti ur in.the.planning.engine or _
manufacturingygecu?i%n when gﬂ%nﬁ?&ﬂt c%(laéviactéi%ré @%ﬁ%)? Sp%r}é?f%éﬁlye,%p?oblrégmseﬁfgf bccur in
execution, b@@ﬂ\iﬁf&hnﬁ@min@qﬁamamlbeimisi&l@ntyrrﬁ@ldd&@dé@i_n?ﬁ}gmga@ exegution, For
clients, the uncertainty can severely disrupt transport and inventory planmng and management.
SUMMARY 8FHE II@?@NTW LRGP %an ddjeetof théusvention ispo oirbeide a computer

i - : e ning in a production system, which
gonorates a fed pradgion SeFadUS Tor he SHbLeA et prodletan &y 8AE Andifer GHfct of the
invention is tesprediieta: computerimpiamepteskaystamrand pothed fopehecking ens  in :

- planning, such as ill-defined parameter settings-provided_

~to the plan engine. |

Generally, a cheéking process between manufacturing

plan and execution in the production system is - required

(i} >to match the plan and execution. However, it ,is

difficult to determine whéther probléms with the

bxoduction'_system occur in the .planning engine or

manufécturing e%ecution when a significant deviation is

found. Specifically, probleﬁs may occur in execution,

but' the manufacturing plan amy be ndstékeﬁly modified to

match‘the execution. 7 | . o
v:For -clienté, the uncertéinty can severely disrupt

7transport'and inventory planning and management,

f»«;.\t o ' ' SUMMARY OF THE INVENTION

o

Accordingly, an object of the invention 1is to
provide & computer ‘implemented: system..and method for_
manufacturing pianning in a productién syétem, Awhich
generates a fixéé production schedﬁLe‘for the éubgequent
productioﬁ system.

| Aﬁothéi 6bject of the invention is to provide -a
computgr implemented system ‘and method for -checking
deviation between manufacturing plan and execution in the

production system to match the plan and execution using a



deviation between manufacturing plan and execution in the production system to match the plan, and
execution using a 3 statistical process control (SPC) method, in which a matching quality of the
manufacturing process is preferably monitored and controlled.. Another object of the invention is to
provide a production schedule adjustment for IC production to evaluate the fixed production
schedule. To achieve the-gbove and other objects, the invention is directed to novel systems and
methods for overcoming con ﬁ%%r?a anar?tﬂégtﬂ%g diahhifg A8 teGtrol phobleiisifone
embodiment,reacotmpuiger igppiemented planningsystem oy 95@999&%&1_ sy?igrcpc comprises a
capacity model considering a plurality of vectors of manufacturing capacity; an order management

module to recdifé BREGHHEr RaTel Srovadt andresente-aldamicity for the order based on the capacity
ed production schedule for the order based on the capacity

model; a plan engine tQ generate a fi y ,
model; and a produ%ﬂgﬁgsecﬂe lﬁ@ ﬁ‘u%sﬁito? nd &\ aludfiSs RedGR tolmonfter whetiat e erder in

process confopmadethe fixed prguetien seheduleand. determine whether tg adjust the. fixed
production schedule when the order in procesz deviates from %e f?)gd. Br%%%gt?o Shedlile.
Preferably, acdnkdiaiecadHievefierstin pdel df distoricakfixeshpreduction schedules is introduced into

the above system te evaluate, the fixed production schedule, wherein the model is built based on
© achieve the above and - other objects, the

historical
 invention is directed to novel systems and methods for
overcoming - conventional manufacturing Vpla'nnin‘g and
- control problems. In one embodi_ment, a computer
( implemented planning system for a’ production - system

comprises a capacity model considering a plurality of.
vectors of manufacturing capacity; an order mana;grement

module to receive an order for a .pz:c')duc't and reserve 'a
Vcapac:}_ty for the order based on the capacity model;‘ a

plan engine to generate a fixed production s.‘chedule- for

'the order based on the éapacity model; and a pi:o‘du-c:tiorﬁ
schedule monitor and evaluation module to monitor whether

the order in process conforms to the fixed produﬁtion

‘{’“‘z . sghedule and. determine whether to adjﬁst- the fizxed
- production schedule when the order "in process deviates:

from the fixed production schedule. \ |

Preferabl-y, a .dynami_c aéhiefremgnt model | of
‘historical fixed production schedules is introduced into
_the above sy—rs'tem' to -evaluate the fixed production
'_schedul'e,. wherein the model is built bésed on historical
production infoi:mafion in the production dat‘abase.. | |
. In  another embodimeﬁt, T A h method provides
manufécturing planning and control in an I'C ‘foundry; An

order of an IC product is received. = A cabacity is



production information in the production database. In another embodiment, a method provides
manufacturing planning and control in an IC foundry. An order of an IC product is received. A capacity
is 4 reserved and a fixed production schedule is generated for the order. The order is manufactured
following the fixed production schedule. The invention further provides a method to evaluate

conformity between-fixed progdugtien .sche 5!188\?@9'%%“35! ogress. Qne feature of an embodiment of
the present invention is fixed production. s%:hedule éenerat%rll. Hzepr%augt?orhsgy%Fe‘?ﬁi @é%ignated
to follow the fikedl pistieiction Sbkeduteltor manuteatireantorgerof fois:. 4t algws the grodugtion

system to fasten on the fixed planning schedule to deliver the order of lots on time. In addition; it also
allows the prgdru%%gﬁ%k/gfjemsﬁhﬁﬁihf’ Be the Efdht & WERr-aate Savdther featureraarsenabodiment

of the present,dpygifion gvajuaies the, fix"%qnq ing.schedule accordjng to history, The conformity of
fixed planning schedules and the actueal progr%gs%llggcnﬁbe%éﬁgﬂgt%ﬁ aﬁ%‘ﬁﬂ:st@ﬁ Oéi&b%rdiﬁ@y. In

another emb@dihmhn,l@éompﬁterdmpéem@m@g‘r@lggning system for a production. system comprises a
C capacity model considering a plurality of vectors of manufacturing capacity; an order management

module to receive &'Brdef R @ @U@ End PéseniiRedpasitytfor of the present

‘invention is fixed production schedule generation. The
production system is designated té- fellow the fixed
. production schedule to manufacture an order of lots. If
| - allows the production system to fasten on the fixed
(:} planning schedule to deliver the order of lots on‘fime.
In addition, it also allows the production system to
promise the client a delivery date.
Ancther feature of an embodiment of the .preSEHt
invention evaluates the fixed planning schedule according 
_to history. The conformity of fixed planning schedules -
and the -actual progress can be 'evéluatad and adjusted
acéordingly.' |
In _another .embodiment,. a  computer Vimplemented g
planning system for .a pxoduction; systém, comprises é :
i ctapacity model considering a plurality of véctors of
manufac@uring. capacity; an order ménagement module. to
receive an order for a prbduct and reserve a capacity for
the order based on the capacity model; a élan'engiﬁé £§
genera;e a. fixed production schedUle for the orde£ based
on the capacity model; a priority management module to
assign a 'priority to the order in process; and a
production schedule moniter and “evaluation module to
 determine whethet the order in process confénms to the

. fixed production schedule by statistical procéss control



the order based on the capacity model; a plan engine to generate a. fixed _product_ior_l schedule for the
order based on the capacity model; a priority management module to assign a priority to the order in
process; and a production schedule monitor and evaluation module to determine whether the order in
process conforms to the fixed production schedule by statistical process control s (SPC) anéj vv_hether
i : . : > . fes
to adjust the pr t jule_and to adjust the prigrity when the orde_r in process devia
from the fixeg%ﬁgéug%%iﬂgﬁig Irlléa gtilﬁgﬁé‘%ﬁgr é\%rﬁn] 0 ﬁfe%%% ah rﬁgﬁw%%?ﬁ‘ra{}ldt?g%@f&ﬁon |
matching in andC fotinceyl iz ordehef apdEoprOhICt ig iaceivad: A §apagity Eqresﬁ£\é?(9e%'l,d a fixed
production schedule is generated for the order. A priority is provided for the order. The order is
manufacturétPWith B phdiay ibhewihgtre figge Protidcrionschedulbe The method further evaluatles
conformity between fixed proguction schedules and %:}tual rogress with statistical process contro
(SPC). Further, th:aﬂ-rknetl’%%dwL eter%ﬁlr?é%s%v%ﬁethg%o ﬁﬁqﬁe . pri%_ntﬂ%??r?é%rd@ﬁﬁ‘ﬁr@@é_&wnh
SPC. It alsoe guaiuatesithedixed planning sehedyle aeendingyo Nigfon:d0e cororgyly gifxed
planning schedules and the actual progress can be evaluated and adjusted accord'lngly. ) A detalleq"
description BIfi¢eitin the followiny ssmbodimentpawith yeférence tethecaccompanying deawings.. fri

production schedule is generated for the order. - A
priority is' provided ' for the order. "The order is

manufactured with the priority following the fixed

production schedule. The method further evaluates
{} ' conformity between fixed production schedules and. actual
progress with statistical process control {SPC).

Further, the method d@ﬁérmines Whether to adjust - the
priority for the order in proéess with SPC. It also
~evaluates the fixe& planning schedule according to
history. The conformity of fixed plénhing Schedules and-
the actual .progress can be ‘evaluated and adjusted:
accordingly.

- Z:Alfdetaiied description is given in the following

embodiments. with reference to the accompanying drawings.

s,
k3
o

.BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be more fully understood
by reading the subsequent detailed description. and
examples with references méde' to tﬁe accompanying'
drawings, wherein:‘

FIG. 1 is a schematic view of the system structure
forlmanufacturing planning in an IC foundry to generate a
fixed production schedule according to .one embodiment of

. the invention;



BRIEF DESCRIPTION OF THE DRAWINGS The present invention can be more fully understood by
reading the subsequent detailed description and examples with references made to the
accompanying drawings, wherein: FIG. 1 is a schematic view of the system structure for
manufacturing planning in an IC foundry to generate a fixed production schedule according to one
embodiment of the invention; 6 FIG. 2 is a schematic view of the system structure for evaluating a
fixed production scirddile i ahd Cafouatmraccoeding o.one £mbedimeps ekthe invention; RIG. 3A is a
flowchart of a method of manufacturing planning and control in an IC foundry according to the system

in FIG. 1; FIGC3B i§ WHoifchantof & methsEdf nRtRAdGEARy: plaisgaae cohrol iatan ITfoundry

according tofg% Y, i .2, FIG. 4 Is a distribytion of the lots of an order-in- process according
to one'embodimgnt%etrﬁg%rﬁ%%:ﬁ%  FIG. B gr&%}/%grﬁlc? Ac iéjv%en%lnef modet of hidfvtical fixed

production schedules accaging 40 ane embeadipentof the ipxention; 5@.&§Mmiﬁ§iew of the
system structure for matching plan and execution in an IC foundry according to one embodiment of
the inventior® RGN 7Ads adfhgrprsHewingan @mbddiméntofdny SREmodéhin FiG. 6the

system in FIG. 1;

FIG. 3B is a flowchart of a method of manufacturing
planning and control in an IC foundry according to the
system in FIG. 2;

FIG. 4 is a diétribution of the lots of an order—-in-

_process according to one embodiment Qf the invention;

FIG. 5 is a dynamic achievement model of historical
fixed produc{ion schedules according to one embodiment of
the invention;

FIG. 6 is a schematic view of the system structuré
for matching plan and execution :in an IC foundry
accprding to one embodiment of-the'invention; |

- FIG. TA is & diagram éhowing an embodiment of the
‘SPC model in FIG. 6;. - 7 -

FIG. 7B is a diagram showing another emﬁodiment of
tﬁe SPC model in FIG, 6, in which a special'demaﬁd is .
required;

FIGT 8 is a diag:am'showing the relationship between
p?iority deviation and fixéd production schedule; .

FIG. 92 is a diagram showing anocther embodiment of
the SPC model in FIG. 6, in which the exegutioﬁ is under
‘loaded; and ‘

FIG. 9B is a diagram showing another embodiment of

the SPC medel in FIG. 6, in which adjustment of the



FIG. 7B is a diagram showing another embodiment of the SPC model in FIG. 6, in which a special
demand is required; FIG. 8 is a diagram showing the relationship between priority deviation and fixed
production schedule; FIG. 9A is a diagram showing another embodiment of the.SPC model in FIG. 6,
in which the execution is under loaded; and . FIG. 9B is a diagram showing another embodiment of
the SPC model in FIG. 6, in which adjustment of the - 7 planning parameter is performed after the
execution is RiFffeR iostle® DETALED DESCGRIPTUONOF FHE4XVENTIObAswillibeappreciated by

persons sklll%dgﬁ Ehel%% rom the discussion herein, the present invention has wide applicability to

e &g, . . . . . . . .
many manufactirers an marily industries. For discussion purposes, illustration is made herein to

semiconductor foundry manufacturin (ﬁl)’% wafer fabrication in an IC foundry) . However, the present
invention is not limited the@ﬁf&@lﬁﬁn ArEd BHE0E RE prEHeniVENHGO® directed to novel

systems and methods of overcoming manufacturing planning and control problems. Embodiment I:
Fixed MPS Generafign ®ic 11 Rea seherraticaspdemstetusetor mindtheturiby pramaingin an 1C
foundry, Whlg]}gl%ne %tgs gﬂ‘l%(edﬁroductl%n g%hfrgrule%%gchg}__/g a customer orlentatlonh%rgductlon

/ . SHasion . he? sef
according to one embodimenit of the t invention

wide applicability to many manufacturers and many
industries, For discussion purposes, illustiaﬁion is
made herein to semiconductor foundry manufactuﬁing (i.e.,
wafer fabrication in an IC foundry). However, the
present invention is not limited thereto.
As summarizéd -above, the present dinvention is
directed to novel syétemé and ﬁethods of overcoming
manufacturing plénning and control problems. |

Embodiment I: Fixed MPS Generation

FIG. 1 is  a schematic - system structure for
manufacturiﬁg.plénning in an IC foundry, which generates
a Tfixed proéugtion schedule td_ achieve a customer
brientation pfodﬁct@on acccrdiﬁg to one embodiment of “the

~ invention. As éhoWn  in FIG. 1, when a customer (ﬁot

fﬁ showg)'purchaSes.gﬁ order liO of a product from an IC
foundry 100, e.g. 200 count wafers of_graphic chips,-an
crder management.moduze (oM) 120 receiveélfhe‘order ilO,

- ‘Generally, the order 110 can be dividédrinto a plurality
of lots based on ﬁhe processing unit. For example, the
order of 200 count wafers is divided into.B lots based on
a unit- of 25 count wafers as one lot. The order
management module (OM) 120 reserves a capacity for the
brder 110 based on a capacity model 130 in a macrocosmib

view of the IC foundry. The Capacity~m©del 130 considers



invention. As shown in FIG. 1, when a customer (not shown) purchases an order 110 of a product
from an IC foundry 100, e.g. 200 count wafers of graphic chips, an order management module (OM)
120 receives the order 110. Generally, the order 110 can be divided into a plurality of lots based on
the processing unit. For example, the order of 200 count wafers is divided into B lots based on a unit
of 25 count wafers as one lot. The order management module (OM) 120 reserves a capacity for the
order 110 basedm@n:azhphgityarhodet 1301t a nvacrocasmid.vienhef tHE ICE foundryy Thesuch
capacitymodel 130 considers e a plurality of capacity vectors in the IC foundry, such as fabrication

technology, pfSduct Shifittdriics SOURS M matibrPRr BrodtRR LS dustdmér priofist The order
managementirH@g%a(%I\é)ngQ@o S-8sapacity-font orggrste%%orépctﬁﬁociag@ ity mo&iglemthout

specifying a detail production schedule. After the order management m e 120 reserves a
capacity for the orderdh0; dhenplan engine 240 bmthet 2genietates apredyctionsghedule fardhe order
110 based on the capacity model 130 when the wafer-start date ... approaches. Generally, the
production scheditfe dorifitisesTa delidiled pREiEBN MG aine'schbaue afBagrbjetroutadate of

the order. In g prefe relg embadiment, the plan engine 140 generates a rolling master production
schedule (he;%e%%f%gr e é’rraél %&%Sc’)cﬁfza ofrefﬁe order 110 for planning optimization until the

production system 4$Q startste rgxthedotsofdbemeder 140MOE€ (oM) 120 reserves
a capacity for theborder 116, the plan engine 14C further
generates a production schedule for the order 110 bésed
on the capacity model 130 whén the wafer—staft date
{; ’approaches. Generally, the production schedule comprises
a detailed production fliow, time scheduie and'a project-
cut-date of.thé order. In a preferred embodiment, the
plan engipe 140 generates a rolling master production
schedule (hereinafter referred as MPS) 142 for the order
110 for planning Optimiéétion-until the production systém
150 starts to run the_‘lots of the order 110. More
specifically, the plan engine 140 contimually updates the
productioﬁ ,Séhedule' (MPS) 142. accdrding‘ to the"-lateét
production status and purchase of orders of the IC
foundry before 2 run of the ibfé of order ilO begins.
Plan engine 140 assigns the latest MPS 142 for the order
116 as a fixed MPS 144 - for production. The production
system 150 is aésigned. to follow the fixed MPS 144 to
fabricaﬁe allslots of the order (hereinaftef referred‘té
as work~inmprocess, lots—-in-process, or order~in—proéessf
and the plan engine 140 does not generate any additional
rolling MPS for production system 150 to follbw while thé

order of lots 1s fabricated. Preferably, the production



specifically, the plan engine 140 continually updates the production schedule (MPS) 142 according to
the latest production status. and purchase of orders of the. IC foundry before a run of the lots of order
110 begins. Plan engine 140 assigns the latest MPS 142 for the order 110 as a fixed MPS 144 for
production. The production system 150 is assigned to follow the fixed MPS 144 to fabricate all lots of
the order (hereinafter referred to as work-in-process, lots-in-process, or order-in-process) and the
plan engine 845 868s hefgénerateeanyiaddiforat Tblling MPSfotigraddetionrsystent $50 wfollow
while the order qf lots is fabricated. Preferably, the production, 9 system 150 further feeds back the
fabrication p?’f)ogrr%éuslgf" ero?ﬁﬁﬁ-%r%c?esg ) tﬁ:eg E’é‘ﬁ:al%@ r%jage?]_[3£ %@r %Estﬁ%}ﬁsﬁiégéﬂ‘illustrates a
flowchart of a methed ©f manufactyring-plapring and eqniyahinar IC feundry aceerding tg the system
in FIG. 1. In step S310 an order of an IC product is received by the order management module (OM)
120. The plamangize t40 reserved arvapagity amd gererdtes & fixied praductich schedntérfr the order
when beginning fabrication in step 5320, The order is then manufactured following the fixed

production sefERAIE M%tS S338. ESfveiltionlly: i MPS of the Bt iS dtiProfi8d Fféaipdated
after the ordefis iprocessipdpimize; produrlipn flfciency. A glsadyaniqoe hggaisdpatibe lots of
the order may be assigned with a rolling MPS for the best interest and flexibility of the production

‘module {0OM) 120. The plan_engine_140 reserves a capacity

and generateé a.fixed production schedule for the order -

wheﬁ beginning fabrication in step 8320. The order is

fhen manufactured following the fixed production schedule

in step S330.

P

_ . Conventionally, the MPS of the order is still rollied
and updated after the order is in proéess to optimize
ﬁroduction efficiency. A disadvantage here is that the
lots of the order may be assigned with a rolling MPS for
the best interest and flexibility of the production
systém, such‘as lower cost or labor, and consequently the
lots ére delivered-at sepaxate-timés; In éddition; the
customers are therefore unable to confirm receipt of

"""""" théir'oxder since the MPS thereof is continuaily updatéd-
according to.the latest status of the production system.
The preSent' inventiqn ‘provides a fixed MPS generatidn
system and method for a production systemlto foilow and"

achieve”on~time delivery of the lots of an order.

Embodiment II: Fixed MPS Evaluation and Adjustment

FIG. 2 is  a schematic system structure for
evaluating a fixed production schedule in an IC foﬁndry
adcoxding te another embodiment of the invention. ~ Plan
engine 140 initially generates rolling MPS 142 for order

110 and then assigns a fixed MPS 144 when fhe lots of

10



system, such as lower cost or labor, and consequently the lots are delivered at separate times. In
addition; the customers are therefore unable to confirm receipt of their order since the MPS thereof is
continually updated according to the latest status of the production system. The present invention
provides a fixed MPS generation system and method for a production system to follow and achieve
on-time delivery of the lots of an order. Embodiment II: Fixed MPS Evaluation and Adjustment FIG. 2
is a. schemafié 8pstemlistbuctieafor evalirding aifixed produttionsehediié dman K Toutidhe

according to_another embodiment of the invention. Plan. engine 140 initially generates rolling MPS.
142 for ordef" Cﬁg%%ﬁ tﬁélr(? agéfiar%él &gl I\)ﬁf%ﬂfi W?'lg tHe Rt OF P ordeAET- 88t fbﬂﬁ%uction. A
production seRaduie,meRitor and-eyalationamoyle;18Q,continues tracking-and, determining whether,

the lots-in-process conform to the fixed production schedule. FIG. 4 illustrates a distribution of the lots

of an order duriedprocedsinyiavcortitg thithés embodiment of the invention.' Generally, the
production system 150_follows the fixed MPS 144 to fabricate the lots of order 110. However, the lots

of the order 110 may 1ot fillly* CORBIM 35 Hie fixed MBS 44 ALEhBHN TREIG AT the®érd@r110 with
200 count s dided i i Jebriater rom DAY 0-0n DAY My oisare il together b

one lot is ahead and another behind-. On DAY N, four lotsare fabricated before and and ofe lot is
the invention. - Generally, the production system 150
follows the fixed MPS 144 to fabricate the lots of order
110. However, the lots of the order 110 fnay_not fully
conform to the fixed MPS 144“ As shown in FIG. 4, the
{ order 110 with 200 count wafers divided._ into 8 lots is
fabricated from. DAY.lO. On DAY M, 6 lots are sfill
together but cone lot is aheald and aﬁother pehind. On DAY
‘N, four lots ére fabricated beforehand and one lot is
left behind. Only three lots thus conform to the fixed
- MPS 144, | | 7
' ‘The . production schedule _molnitor and evaluation
module 180 determines the distribution ofrthe lots of the
order 110  and whether to-‘ adjust the fiked production
schedule 144 when the order in process deviates from the
wfixed production s.c_heduie.
Preferably, a dynamic achievement model 170 of
hi‘s‘torical fixed ' production schedules is provided as
) shbwn - in. FIG. 2, based on historical .production
informa_tion in a production‘ database 160 fof' productidn
schedule monitor and evaluation module 180 to eval‘aula'te
the deviation in the order—-in—process.
FIG. 5 illustrates a dynamic achievement model 170
of historical ‘fixed production 'schedule‘s according to one

embodiment of the invention. Preferably, the djmamic
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left behind. Only three lots thus conform to the fixed MPS 144. The production schedule monitor and
evaluation module 180 determines the distribution of the lots of the order 110 and whether to adjust
the fixed production schedule 144 when the order in process deviates from the fixed production
schedule. Preferably, a dynamic achievement model 170 of historical fixed production schedules is
provided as shown in FIG. 2, based on historical production information in a production database 160
for productiof cEcheaRie Aonife? @Rd evallfatioR nodulé 180 icavaluAteX fitk déviatidRdn He:

order-in-procesg. Iélq[ 5 illustrates a d%namic achieve?aetnt model 170 %!elg%gg%al fixefo:lL gocgiuction
i0

SC ULes CO rises . e 71 A
schedules accor(?lng 5 one embodiment of the inven n.l.Fg)re?eraBIy, the'dynamic 11 achievement

model 170 of-histaricak fxed pradugtion: schegules epmptsesya telationshiphetweaen fixed, production
schedule achievement rate (coordinate A), fixed production schedule adjustment rate (coordinate B)

and deviatior fisnétdticrr(cdordinate G); Thduleviatieh Uintitativl isths eleViatorrbetwetn thd) fixed MPS
and actual progress of which thﬁ IC foundry is capable, an indicaégr of its [l'ganufacturin . capability.

According tohistor QY tabric&ion M¥orniationtin Bﬁgoe‘?lﬁi&m%%nt model &F fixad \1PS Hehievement
is shown ." in; EI6. ¢ Cuprvesldllusiratesihesrelationshiphsiwesn the fixegiMB3 aghievemgpt rate and

the fixed MPS . :
‘ actual progress of which the IC foundry is capable, an
indicator cf its manufacturing capability»
According to historical fabricaﬁiom4 information in
one emﬁodiment, é model of fixed MPS aqhievement is shown
g: in FIG. 5. Curve I illustrates the relationship between
the .fixed MPS achievement rate and the fixed MPS
adjustment rate. As curve I shows in FIG. 5, the more
frequent the fixed MPS adiustment, the highef the fixed
MPS achievement rate. Curvé IT illustrates the
relationship between the fixed MPS achievement rate and
the deviation limitation of production system 150. The
higher the déViation limitation of pxoduction system 150,
.indicating'theicapability of the IC foundry tx)-recovér“
,VfromLthe deviation, the loWer.the fixed MPS achievement
rate.

Based on the model shown in FIG. 5, an optimal
working area (W) is further defined based on the
‘relationships tol evaluate whether to adjust .the fixed
pfoduction schedule. The working area (W) is assigned
with a range within which the fixed MPS is adijusted but
improvement in the fixed MPS achi@&ement rate is achieved
and the range of the most capable deviation limitation
within which the jprdductiénr system 1SO can attain the

fixed MPS. The  production schedule monitor and
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adjustment rate. As curve | shows in FIG. 5, the more frequent the fixed MPS adjustment, the higher
the fixed MPS achievement rate. Curve Il illustrates the relationship between the fixed MPS
achievement rate and the deviation limitation of production system 150. The higher the deviation
limitation of production system 150, indicating the capability of the IC foundry to recover from the
deviation, the lower the fixed MPS achievement rate. Based on the model shown in FIG. 5, an optimal
working area§V\3is firiher defskd Based bn #et rembionshipyie ebaltaté whetdéidtadjusethe fixed

production scglegglg. TQ%¥/££§P areaﬁ%\géﬁassiggggdwith a rtafqghe ‘\Gvci)tg'n.which the fixe(%% MPS is
adjusted but |mproveﬁ1en iry the fixed HcRievement rate is achieVed “ahd thaerrgﬁge )the most

,capab'le deviatiopdimnitafigamwithinanhish dhe produstien system 1a0capaitpinthe fixed MPS. The
production schedule monitor and 12 evaluation module 180 determines whether to adjust the fixed
production schedletidsael o tss warkihg dresai(@Ve of the dpnahiie achievethemBPRodel when the
progress of the order-in-process 110 ?éeviate from the fixed MPS. As shqwn in FIG. 4, when the lots

on DAY N deVist¥ Fromthé “orking 4R the G8vigtonHimit, S 1SV fiRecPMBECBf thBSrder 110
is re-generatgd by fhe,planenging 140 acqarding.te e deviation degree and theslatest pigius of the

IC foundry for the order-in-process to follow. The working area (W) provides a range within which a
low of the order 110 is re-generated by the plan engine 1490
according to.the deviation degrée and the latest status
of . the IC foundry for the ordermin—process to follow.
The working area (W) provides a range within which a low
5;' fixed MPS adjustment rate and a high fixed MPS
achievement xrate are obitained for the IC. foundry to
maintain optimum parameters of both the cusﬁomers and the
IC foundry. ‘ | |
FIG. 3B illustrates . a flowchart ofi a mnmethod of
manufacturing planning and contrel in. an IC foundry
-acceording to thé system in FIG. 2. In step S340 the
"préduction schedule monitor and evaluation, module 180
deiermineS'whether the order-in-process conforms to the
fixed production schedule. If not, the production
schedule monitor and evaluation module 180 determines -
whether to adjust ﬁhe fixed'production‘schedule based on
the dynamic achievement model of .historical fixed
production schedulss in step 5360. |
The above embodiment iliustxates evaluation and
adjustment of a produétion system to maintain flexibility
and real-time Control with the impieméntation of a fixed

production schedule and therefore provide predictable

manufacturing schedules.
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fixed MPS adjustment rate and a high fixed MPS achievement rate are obtained for the IC. foundry to
maintain optimum parameters of both the customers and the IC foundry. FIG. 3B illustrates a
flowchart of a method of manufacturing planning and control in, an IC foundry according to the
system in FIG. 2. In step S340 the production schedule monitor and evaluation module 180
determines whether the order-in-process conforms to the fixed production schedule. If not, the
production schedul@iRori®F apdseval@ticy fioulecrBotdete miines: iWhellier €5 Adjost the fixed

production s%her ule based %réttgeéj nar{pi%g%hieveC %nterg(%deln?f his%orgcal fi)ﬁéd %roductio
schedules in sef)ep 5360.°1He above embodiment flustrates evaluation an eacﬁus meRt of a?é:oduction

system to majntain- fexibility and real-time;gontrelwith thesimplamentation of g fixedn gradugtion
schedule and therefore provide predictable manufacturing schedules. 13 The methods and system of
the present imestition, srertafh dspaelyodgortiend treredt imafitdke therfdrndlofl pesgramcode (i.e.,

instructions) embodied in tangible media, such as floppy diskettes, CD-ROMS, hard drives, or any
other machirf@eadabiestdtag mﬁﬁ?%}@n,%ﬁ?@% I Grart codE i ¥6aded iftb Bhd

executed by g, maching, siich asycomputer; the machine, becomas an gpparatus fogpracticing the

invention. The methods'and apparatus of the present invention may also be embodied
machine, such as a computer, the machine becomes an

épparatus fcrlpracticing the invention. The methods and
apparatus of the present invention may also be-emboaied
in the form of program code that is transmitted over some

(. transmission medium, such as over aiectrical wiring or
cabling, through £iber optics, or via any other_form of
.txansﬁission, wherein, when the program.code is received
and lcaded into and executed by a machine, such as. a
domputer, the machine beﬁomes an apparatus for practicing
the dinvention. When implemented on a general-purpose
processor, the program code combines with the proceSSOz
to provide a unidgue apparatué that operates analogously
to sp@cific-logic~circuits. o

Embodiment” III: Plan and Execution Matching

FIG. 6 is a schematic system structure éhowing
another embodiment of the invention, which has a
structure similar to the system.in EIG. 2. The system in
FIG. 6 is . applied to. check deviation between
manufacturing' pian and execution for matching plan.‘and
execution whiie evaluating the fixed production schedule
in the IC foundry.

The plan engine 140 initially generates rolling MPS

~ 142 for order 110 and then assigns a fiXed MPS 144 when

the lects of order 110 start production. The production

14



in the form of program code that is transmitted over some transmission medium, such as over
electrical wiring or cabling, through fiber optics, or via any other form of transmission, wherein, when
the program code is received and loaded into and executed by a machine, such as a computer, the
machine becomes an apparatus for practicing the invention. When implemented on a general-purpose
processor, the program code combines with the processor to provide a 'unique apparatus that
operates anaogeushy ¢o speuifit dagic einduits Embediment |lin&taniand ExecutionMatohing FIG. 6 is
a schematic system, structure showing another embodiment_of the invention, which has a structure

similar to the Sytem™ FIGS3 SPHR LS 1S5RS B iS Bpplikats "cHetk treRiidn Befvfesmn

manufacturing lan ane executon. for natshing laneng, exeqyion e avalaling e s

ed
production schedule in the IC foundry. The plan engine 140 initially generates ro 42 for

order 110 angrthen sxssigns afixed MPS 144uden thedots ef ardentiltistar pregyetion: The
production 14 schedule monitor and evaluation module 180 continues tracking, determining whether
the lots-in-proead@ednfsrmOb thé fixed HREEGEON dchedtilee FURRSG ATtatsticals pheedss eontrol

(SPC) modelln%%(t)Lst a plie%to.é)m\iide .gluralit f.SPC tors to the prpduction schedule monitor

and evaluation mo ulfg 180 to Continue Clhe%kirrfllg Cﬁﬁ]éeexét\:éuegon{;‘ﬁroccégg E‘é%hlse of‘fﬁ’ees Sh-process

and the execution process status of the order-in-process and .
determining deviations between execution cf the

production system 150 and the manufacturing . plan.

Further; ‘a priority management module 152 is provided to

R,

adjust the priority of lots in'the production system 150.
Specificaily, the SPC vectors of the Sfc.model 190
can be shown in a plurality of SPC diagrams. FIGs. 7A to
7D illustrate a plurality of statistical process control
(SPC) diagrams = for matching guality of execution
according to the system in FIG. 6. In FIG., 'JA, the SPC
diagrams include a mean wvalue diagram 192, =z standard
" deviation diagram 194,'aﬁd'a distribution diagram 196 of -
the number outings of the “out of recovery contrel limit”
‘date. |
The .mean value diagram 192 shows a mean value vector
of deviation between the fixed MPS and the manufacturing
plan in a ratio' of the schedule deviation/left days,
which represents the feasibility of the IC foundry; fhe
standard deviation diagram 124 shows a standard deviation
vector of the deviation in a ratio of the schedule
deviation/left days, which xepresents the stabiiity of
the IC foundry. Further, the distribution diagram 196

shows the number of the out of recovery control limit in
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determining deviations between execution of the production system 150 and the manufacturing plan.
Further, a priority management module 152 is provided to adjust the priority of lots in the production

system 150. Specifically, the SPC vectors of the SPC. model 190 can be shown in a plurality of SPC
diagrams. FIGs. 7A to 7D illustrate a plurality of statistical process control (SPC) diagrams for

matching quality of execution according to the system in FIG. 6. In FIG. 7A, the SPC diagrams
include a mean vatie fiagPim 15D Ea sBRABAT devidiiBh Hrigham /Foaf and Aaiidributioriditgram 196

of the numbgégygg%%gf tﬂ%eoa%gfr couery ‘f&tl(%iﬂgé gate Tihe enﬁ/alueddligram 192 shows

a mean value vector of deviation bet een the fixe and %e manu acturlng plan in a ratio of the

schedule deviationffeft detysn which¢epresearnitsiheifeagibitity ehthe §3 foundrysFhg sstangdard deviation
diagram 194 shows a standard deviation vector of the deviation in a, ratio of the schedule
deviation/lefilddys, ®Righ repPésents the stafility of Zhe e HeundrydPuriadri ¢re distitiutienmliagram
196 shows the number of.the out of recovery contr II|m| of the schedule deviation/left
days, which repr:a%nse % te délay & occurr%ence rafégof g oungfy%fgg Lﬂfﬁﬂ%g neRtoREd that the

SPC diagrams 492; d.94:and 196, infI6: JA show devietiorbetwesn manyfagturing execution and
the fixed MPS under control. That i is, the production system in FIG. 7A is stable.
However,  manufacturing execution in the productlon

system may not match the manufacturing plan. In FIG. 7B,

when a special demand from a- customer occurs, the SPC

diagrams 192, 194 and 196 show Ehe impact of the special

gf demand. An emergency order @orresponding to- the special

deﬁand, is applied during processing according to this

embodiment of . the invention. Referring to FIG. 6,

generalily, the production system 150 _follbws the fixed

MPS 144 to fabricate the lots of ofdet 110; Since the

‘emergency order is applied, the lots of the order 110 do

not fully conform to the fixed MPS 144. in this case, é

negative mean value deviation 252 occurs in the mean

value - diagram 122, and a~‘étandard: deviation rise 254

N cccurs in the standard deviation diagram 194. Further, a

rise 256 of the number of the out of recovery. conﬁrol

limit can occur in fhe distribution diagram 196 to show
increased delay.

When the special ldemand from the customer ‘occurs,—
the production system 150, i.e. the manufacturer, has to
eliminate delay related to the rise 256 and then bélance
the schedule deviation related to the standérd'deviation
rise 254. In this case, the production schedule monitor.

and evaluation module 180 control the priority management
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However, manufacturing execution in the production system may not match the manufacturing plan.
In FIG. 7B, when a special demand from a customer occurs, the SPC diagrams 192, 194 and 196
show the impact of the special demand. An emergency order corresponding to the special demand is
applied during. processing according to this embodiment of the invention. Referring to FIG. 6,
generally, the production system 150 follows the fixed MPS 144 to fabricate the lots of order 110.
Since the emiéigehty ofder is Appliedtiitslots &f'ithe drder1dtdd netfully e6fformRo tHefked MPS

144. In this case, =X Cr%egsaél\l/%&pc%c%a%%aﬂtﬁ% geviation 252 occurs in the mean value diagram 192, and a

standard deviation rise e standard deviation diagram 194. Further, a rise 256 of the

number of the out of recoveryigondrol ligtit-can egar imthewdistripuivatdiagrany 196 torshow
increased delay. When the special demand from the customer occurs, the production system 150, i.e.
the manufacii¥éio hatYo elftdifiatetdeatlay related to théise 256mddnen bafance sthlessdhédule
deviation relaéed to the standard roduction schedule monitor and

evaluation moaﬁﬁéafé(?gdntro ﬂqé%eg%ﬂgg h{;%?é’%zflﬁ%%#%rﬁgghlteg%gﬁtg %Bﬁj?f%tpsrioﬁ Fof lots in
the _producti%ﬂ%tenb@o.ﬂ@. 8 is-aLiggram showing y@nr/ehaéiggshig;pigg/yeerblggoritgggviation
and fixed production schedule deviation. In FIG. B, the horizontal axis represents the
vertical axis represents the priority deviation.
According to FIG. 8, the manufacﬁuxing staﬁus of lots can
be assigned to ~several types, hereafter described‘ in
detail.
{fi ' When the rolling MPS approaches the fixed MPS and
kkkkk the manufacturing priority approaches the scheduled plan,
the lots of the order-in-process are stable as shown in
.area 550. When the rolling MPS falls ahead of the fixed
MPS and the manufacturing priority fa}lé under the
scheduled plan, the lots of the order-in-process are in
convergence as shown in area 540. ' Meanwhile, wﬁen. the
rolling MPS falls behind the fixed MPS and the
manufacturing priority -overreabhes the scheduled plan, .
the lots of the order~in-process are also in convergenée
- as shown in area 520. In'@itﬁer area 550 of the stable
status or areas 520 and 540 of the convergence status,
the priérity can be maintaihed. |
However, when the rolling MPS falls ahead of the
fizxed MPS and the manufacturing priority overreaches the
scheduled plan, the lots of the order-in-process are
diffused as shown in area 510, and capacity consumption

needs to be reduced. Thus, the priority management

module 152 reduces the priority to achieve capacity

17



ratio of the schedule deviation/left days, and the vertical axis represents the priority deviation.
According to FIG. 8, the manufacturing status of lots can be assigned to several types, hereafter
described in detail. When the rolling MPS approaches the fixed MPS and the manufacturing priority
approaches the scheduled plan, the lots of the order-in-process are stable as shown in area 550.
When the rolling MPS falls ahead of the fixed MPS and the manufacturing priority falls under the
scheduled plan.; i oty 04 NeAIEteprocess iR conuergence asshow in Aiga 540,
Meanwhile, when the rolling MPS falls behind the fixed MPS and- the manu acturing priority
-overreachesgthecsscheduntedplanom thedets o1 the:-orderdn-groeess are also in convergence as shown
in area 520. In either area 550 of the stable status or areas 520 and 540 of the convergence status,

the priority can be rf&iftaiRdd: HowBHEE whdithe: Folling P S#afls difelakof thielfixéd MPS:and the
manufacturing priority,gverteaches, the, seheduled, plap, the Jots of the order-in-process arg diffused
as shown in area 510, and capacity consumpftion need% t6 bé Feduced: ‘?ﬁus, the priority management

module; 152 reguieas theiprority to aghieve eapagcity+ hé corsumptionredyetion; sgthattheslots of the
order-in- process move from area 510 toward area 540. Meanwhile, when the rolling MPS falls behind
the fixed MPSLadd #vslmanufaétorifg phRoriy fadls Bafer therd capacity consumption

needs to be increased. Thus, the priority management
module 152 increases the priority to achieve capacity
cdnsumption increase, so that the lots of the order-in-

10 process move from area 530 toward area 520.

L,

With the diagram in FIG. 8, a preferable priority
setting percentage of the lots of the orders can be
calculated, the trend of the preferable priority setting
percentége being an important index for the manufacturing

15 ability.

Another case of the impact of the plan 1is
manufacturing underloading. When the parameter setﬁings
are not well~defiﬂed in the plan engine, or the
manufacturing department puts off the scheduled plan,

20 underlcading occurs, with the . impact shown in SPC
diagrams 192, 1924 and 196 as shown in FIG. GA. A mean
value rise 258 occﬁrs in the mean value diagrams 192, and
a standard deviaticn rise 260 occurs in the standard
deviation diégranl 194, When underloading is detected,

25 the diagram as din FIG. 8 can check the preferable
priority setting percentage of the manufacturing
department, thus determining whether the underlcading
problem relates to ménufacturing planning or execution Gf

the manufacturing department.
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s scheduled plan, the lots of the order-in-process are also diffused as shown in area 530, and capacity
consumption needs to be increased. Thus, the priority management- module 152 increases the
priority to achieve capacity consumption increase, so that the lots of the order-in- 10 process move
from area 530 toward area 520. With the diagram in FIG. 8, a preferable priority setting percentage of
the lots of the orders can be calculated, the trend of the preferable priority setting percentage being
an important index fént¢tie manofabturing thabitity. Amotheraasé aof theritmgact ofitheplards
manufacturing underloading. When the parameter settings are not well-defined in the plan engine, or

the manufachtiHyd8EEtméHt phiEofPthit YRREGHeFhiahl 8¢ Binderioadifig Belts, SWiththE impact
shown in SPG,diagrams 192, 194 and 196.as shawn inihG. 94 /A mean, valua 1ise,gh8 qggurs in the

mean value diagrams 192,"and a standard deviation rise 260 occurs in the standard deviation
diagram 194 +Whep Uadertaating is Defecteds 2hdize diagramyaslio FtGm8 can cheok the tpreferable
priority setting percentage of the manufacturin% department, thus determining whether the

underloadingCpfifterh FBRtesS0 FRufRFing Plafftitfor BREEGIOTAGH tHE martfactufmy®
e e S D PR D BT e e
and the standard deviation xrise 260 of the SPC diagrams
192 and 194 to move below the contrel line, as shown in
© 262 and  264 in FIG. 9B.

Preferably, a dynamic achievement model 17C of

{t- historical-‘fixed production séhedules is provided as
shown in FIG. 6, Dbased on .hisforical production
information in a production database 160 for_production
schedule monitor and evaluation module 180 to evaluate.
the deviatiqn in the orderwin~process.

Thué, with the above-mentioned system and methéd,
deviation between manufacturing .planning and ;execution
can be reduced, and the stability of the execution is
maintained with the reasonable plan, which forms Va..
virtuous circle. -

While the invention has been described by wéy of
example and in te:ms of the preferred embodiments,'it is
to be understood that the invention is_noﬁ limited to the
disclosed-embodiments. -To‘the contrary, it is dintended
to cover vérious modifications and similar arrangements
{as would be apparent to those skilled in the azrt).
Therefore, the scope of Vthe appended claims shouid be
.accdrded the broadest interﬁretation so‘aé to‘encompags

all such modifications and similar arrangements.

19



the plan engine 140 include the cycle time. Since the cycle time is too long to cause underloading, the
cycle time should be reduced to reduce the mean value rise 258 and the standard deviation rise 260
of the SPC diagrams 192 and 194 to move below the control line, as shown in 262 and 264 in FIG.
9B. Preferably, a dynamic achievement model 170 of historical fixed production schedules is provided
as shown in FIG. 6, based on historical production information in a production database 160 for
production Sﬁgegle monitor and evaluation module 180 to evaluate the deviation in the
order-in-proces?. hus, With the above-mentioned system and method, deviation between
manufacturing planning and execution can be reduced, and the stability of the execution is

maintained wjth the{ie%%%nabtlgplﬁnmwhé%%formg as; vi{;’tuou§ circle. While t@g invention has been.
described by Way of exaniple and in terms of the preferred embodiments Stis* tdFe understood that
the inventiongd aotlimiied o the distlosed-embpdiments ctaithe ednteary, it is intended to cover

various modificationg d.similar arrangements (as,would be apparent to those skilled in the art).
Therefore, the scope (%r%%% 86§¥n3‘§§ claims %ﬁé&lg ‘tél%%cgro%%%ﬁ%qblf%gdgs interpretation so as to
'encompass @fsuch twodifications dmd sinslar arrdngementss U9tWhat is claimed is: A computer

”“memenmdSyﬂeﬁgo%@égwqgﬁﬂm%ment medule to receive an order for a

product and reserve a capacity for the order based on the
capacity model; '

a plan engine to generate a fixed production
schedule for the order based on the capacity model; and

a production schedule monitor and evaluaticn module
to determine whether the order in process conforms to the
fixed production schedule and whether to adjust the fixed
production schedule when the order in process deviates
from the fixed production schedule,

wherein the production system manufactures the order

in accordance with the fixed producticn schedule.

2. The system as claimed in claim 1, wherein the

production system is an integrated circuit (IC) foundry.

3. The system as claimed in claim 2, wherein the plan
engine generates z new fixed production schedule for the
orcder in process according to a deviation when receiving
an adjustment determination from the production schedule

monitor and evaluation module.
4. The system as claimed in claim 2, wherein the order

of the product is divided into a plurality of lots for

production.
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planning in a production system, comprising: a capacity model, considering a plurality of capacity
vectors in the production system; an order management module to receive an order for a product and
reserve a capacity for the order based on the capacity model; a plan engine to generate a fixed
production schedule for the order based on the capacity model; and a production schedule monitor
and evaluation module to determine whether the order in process conforms to the fixed production
schedule and whether to adjust the fixed production schedule when the order in process deviates
from the fixed produciion $€AEHeNheléin s protuctien By dent HERTFACIGRERRE DHIST in

accordance withithesfixed produstiemsehedide<d. The systemas-glaimed:inclaim 1, wherein the
production system is an integrated circuit (1C) foundry. 3. The system as claimed in claim 2, wherein

the plan engiie geTdratss & hBG ket prodiictiotséhelifefor the Sragrinlsroress hedording to a

deviation whem feceidng zan adjustraentdetermisation from the-predustion sehedule ¢qmonitor and
evaluation modulg. 4, The system ai claimed in claim 2, wherein the order of the product is divided
0

into a plurality o 1BtS for°Brodtction. 50 BSTHE SYStem &S Shahfieddm ¥kaim 4, further comprising a

dynamic achievement model of historical fixed production schedules for the production schedule
monitor 5. The system as claimed in claim 5, wherein the
dynamic achlevement model of historical fixed production
schedules comprises a relationship between fixed
production schedule achievement rate and fixed production

schedule adjustment rate.

7. The system as claimed in c¢laim 6, wherein the
dynamic achievement model further comprises a
relationship between the fixed production schedule

achievement rate and manufacturing capability.

8. The system as claimed in claim 7, wherein

manufacturing capability limits deviation.

9. The system as claimed in claim 8, wherein the
dynamic achievement model further provides an optimal
working area based on the relationships to evaluate

whether to adiust the fixed production schedule.

10. A computer implemented system for IC manufacturing
planning in an IC foundry, comprising:

a production database storing production information
of the IC foundry:

a capacity model considering a plurality of capacity

vectors in the IC foundry;
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and evaluation module to refer and determine the fixed production schedule adjustment accordingly.
6. The system as claimed in claim 5, wherein the dynamic achievement model of historical fixed
production schedules comprises a relationship between fixed production schedule achievement rate
and fixed production schedule adjustment rate. 7. The system as claimed in claim 6, wherein the
dynamic achievement model further comprises a relationship between the fixed production schedule
achievement rate and man&Jfacturin% caﬁagi ity. 8. TEe sgstem as claimed in claim 7, wherein

% e

ViAtion 8- Tha $5stei &S claihad Vit cidim g, ereffithe dynamic

manufacturing capaab?litﬁ? fimits deviati
achievementmodekfurtherprovidesvan eptianab svorkingcarea hased onrthexelationships4o evaluate
whether to agj %g@tﬁxelgooc{o?uction schedule. 10. A computer implemented system for IC
manufacturing annlﬁ]g in"an IC foundry, comprising: a production database storing production
information of the 1€ fouadrysacapacity modet censideridg agplunatityofccapacity vectors in the IC

foundry; 21 an.qrder féanﬁggn.]:% n&%?}gg tQ g%%e&v_eogn tgrt;%er Cfgr a Cp,)rtoduc}j 8nd reserve a capacity for

the order based on the capacity model; a pf'én engine to generaﬁe aﬁxgd%roﬁu"s"c’tion schedule for the
order based on the @agg@@fqﬁ@d@phievement model of historical fixed

production schedules based on historical production
information in the production database;

a production schedule monitor and evaluation module
to determine whether the order in process conforms to the
fixed production schedule and whether to adjust the fized
producticn schedule based on the dynamic achievement
model when the order in process deviates from the fixed
production schedule;

and

a production system to manufacture the order in

accordance with the fixed producticon schedule.

11. The system as claimed in claim 10, wherein the plan
engine generates a hew fixed production schedule for the
order in process according to a deviation when receiving
an ‘adjustment determination from the producticn schedule

monitor and evaluation medule.

12. The system as claimed in c¢laim 10, wherein the order
of the product is divided into a plurality of lots for

production.
13. The system as claimed in claim 10, wherein the

dynamic achievement model of historical fixed production

schedules comprises a relaticonship between fixed
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a dynamic achievement model of historical fixed production schedules based on historical production
information in the production database; a production schedule monitor and evaluation module to
determine whether the order in process conforms to the fixed production schedule and whether to
adjust the fixed production schedule based on the dynamic achievement model when the order in
process deviates from the fixed production schedule; and a production system to manufacture the
order in accordance with the fixed production schedule. 11. The system as claimed in claim 10,
wherein the plaREgine Yenehaes Ashehr fixsd prdtictivh sehadde Torte BFRsHIR biodess
according to acdemiation whHemn seeeiving -ar adjustment determination from the production schedule
monitor and evaluation module. 12. The system as claimed in claim 10, wherein the order of the
product is divided into a plurality of lots for production. 13. The system as claimed in claim 10, wherein
the dynamiclachieveimeentymadel of historealdixed:preduction: schedides camprises a relationship

between fixed 22 %rggugti(%n schedul ac%?vgm nt rq%]e and fixed production schedule adjustment
i t

rate. 14. The'sy/stem as claimed ih ciaim T3, wherein tHe" d§A3mic&&edement model further

comprises a relaionshiptbgtween the:fixed praductionsebedule i on schedule

achievement rate and manufacturing capability.

15. The system as claimed in claim 14, wherein the

manufacturing capability limits deviation.

16. The system as claimed in claim 1%, wherein the
dynamic achievement model further provides an optimal
working area based on the relationships to evaluate

whether to adijust the fixed production schedule.

17. A system of a production schedule adiustment for IC
producticn, comprising:

a production database storing production information
in an IC foundry;

a plan engine to generate a fixed production
schedule for an order produced in the IC foundry;

a dynamic achievement model of historical fixed
production schedules based on historical production
infeormation in the production database:;

a production schedule monitor and evaluation module
to determine whether the order in process conforms to the
fixed production schedule and whether to adiust the fixed
production schedule based on the dynamic achievement

model; and
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achievement rate and manufacturing capability. 15. The system as claimed in claim 14, wherein the
manufacturing capability limits deviation. 16. The system as claimed in claim 15, wherein the dynamic
achievement model further provides an optimal working area based on the relationships to evaluate
whether to adjust the fixed production schedule. 17. A system of a production schedule adjustment for
IC production, comprising: a production database storing production information in an IC foundry; a
plan engine to generate a fixed production schedule for an order produced in the IC foundry; a

dynamic achievemeht HisHel of hidtorfda figdd G5totlia Bt schstRilds Basdd 6/ historical production

information i the-praguction database; a predugtion-schedyle meniter,ard evaluation module to
determine whether the order in process conforms to the fixed production schedule and whether to

adjust the fixed production schedule based on the dynamic achievement model; and 23 a production

system to margfactore:the,erdenin aceordanee with thesfixediproduetion=seheditde .18 the system as
claimed in clq.im %{7., Wgerc?in the or;ger is divided into a plurality of lots. 19. The system as claimed in
claim 18, whereirf the dynamic achiefement modePdf Higtotical fixed production schedules comprises
a relationship between fixed

19. The system as claimed in claim 18, wherein the
dynamic achievement model of historical fixed production
schedules comprises a relationship between fixed
production schedule achievement rate and fixed production

schedule adjustment rate.

20. The system as claimed in claim 18, wherein the
dynamic achievement model further comprises a
relationship between the fixed production schedule

achlevement rate and manufacturing capability.

21. The system as claimed in claim 20, wherein the

manufacturing capability limits deviation.

22. The system as claimed in claim 21, wherein the
dynamic achievement model further provides an optimal
working area based on the relationships to evaluate

whether to adjust the fixed production schedule.

23. A computer implemented method of manufacturing
planning and control in an IC foundry, comprising the
steps of:

receiving an order of an IC product;

reserving a capacity and generating a fixed
producticn schedule for the order;

manufacturing the order according to the fixed

production schedule; and
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production schedule achievement rate and fixed production schedule adjustment rate. 20. The system
as claimed in claim 19, wherein the dynamic achievement model further comprises a relationship
between the fixed production schedule achievement rate and manufacturing capability. 21. The
system as claimed in claim 20, wherein the manufacturing capability limits deviation. 22. The system
as claimed in claim 21, wherein the dynamic achievement model further provides an optimal working
area based on the rglationshi s to evaluate whether to adjust the fixed production schedule. 23. A

computer implement&d retHdd BE mAnGtattdring  pI&TTiRG and cohtrofinSart f& Fstitfy, “Comprising

the steps of:treeeiving=an ordefnfandC prodyet; Ireserdrg a capacity and generating a fixed
production scheduledfO{ th%orrldeﬁr; malgufcacturingothe qrder ag%ordLn,g to the fixed goduction schedule;
and 24 determining Whetharthe otd&r i Protess citdrnS t the Fkda prodactivn sctedule; and
determining whether ieatpustthecfixed preduction schedulerkasedenia dynamic achievement model
of historical @xe%%roducaior% sch%dules. 24. The mett]aod aiclaimed in claim 23, wherein the capacity
) 1510rica ixXe roguct schedulies,

is reserved based on a capacn}f/ model ot the 1€ foun ry.

24. The method as claimed in claim 23, wherein the

capacity is reserved based on a capacity model of the IC

foundry.

25. The method as claimed in claim 232, wherein the order

is divided into a plurality of lots.

26. The method as claimed in claim 23, wherein the
dynamic achievement model of historical fixed production
schedules comprises a relationship between fixed

- production schedule achievement rate and fixed production

schedule adjustment rate.

27. The method as claimed in claim 26, wherein the
dynamic achievement model further comprises a
relationship between the fixed producticn schedule

achievement rate and manufacturing capability.

28. The method as claimed in c¢laim 27, wherein the

manufacturing capability limits deviation.

29. The method as claimed in claim 28, wherein the

dynamic achievement model further provides an optimal
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25. The method as claimed in claim 23, wherein the order is divided into a plurality of lots. 26. The
method as claimed in claim 23, wherein the dynamic achievement model of historical fixed production
schedules comprises a relationship between fixed production schedule achievement rate and fixed
production schedule adjustment rate. 27. The method as claimed in claim 26, wherein the dynamic
achievement model further comprises a relationship between the fixed production schedule
achievement rate and manufacturing capability. 28. The method as claimed in claim 27, wherein the

manufacturinCapabflitf fffts deviiioAn 28 M he eifid@as eidhhiel n FEHhZE: Svherein the dynamic

achievementwhedeldurther provides ameptimak 25yverking-area based pmthe relationships to
evaluate whether to adjust the fixed production schedule. 30. A storage medium for storing a

computer program providing a method of manufacturing planning and control in an IC foundry, using

a computer ta perform she steps abdeceivingrarnsersier of an 1Gpreduet; reserying-a capacity and
generating a fixed .%{'oduction schedﬁyle or the order; determining whether the order in process

q eddie ety wWhatier 16 2ttt i prodtiction

conforms to the fixed Br%a‘ﬂcﬁce)ﬁ %
schedule referring to adlyhamicachievement madehofiter to perform the steps

of:

receiving an order of an IC product;

reserving a capacity and generating a fixed
production schedule for the order;

determining whether the order in process conforms to
the fixed production schedule;

determining whether to adjust the fixed production
schedule referring to a dynamic achievement model of
historical fixed production schedules; and
manufacturing the order in accordance with the fixed

production schedule.

31. The storage medium as claimed in claim 30, wherein
the order is divided into a plurality of lots with the

fixed production schedule.

32. The storage medium as claimed in claim 30, wherein
the dynamic achievement model of historical fixed
production schedules comprises a relaticonship between
fixed production schedule achievement rate and fixed

production schedule adjustment rate.

33. The storage medium as claimed in claim 32, wherein
the dynamic achievement model further comprises a
relationship between the fixed producticn schedule

achievement rate and manufacturing capability.
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historical fixed production schedules; and manufacturing the order in accordance with the fixed
production schedule. 31. The storage medium as claimed in claim 30, wherein the order is divided into
a plurality of lots with the fixed production schedule. 32. The storage medium as claimed in claim 30,
wherein the dynamic achievement model of historical fixed production schedules comprises a
relationship between fixed production schedule achievement rate and fixed production schedule
adjustment rate. 33T£ge gtﬁo{ga%[e énedé'ém as claim(id in claim 32, wherein _the dynamic achievement
model further’ comprises & Telationship between tﬁe?&@g%r&&hcﬁ]oﬁ%%héaulew chievement rate and
manufacturing capability.:26-84.1The storage inedium asidaimsskinotdion33, wherein the
manufacturing capability limits deviation. 35. The storage medium as claimed in claim 34, wherein the
dynamic achievement model further provides an optimal working area based on the relationships to
evaluate whéther t6 adjust theafixe dnprdtiuotiers scedute 86, 1A camputes dmplemented system for

manufacturing, planping.and gantroljo.a.prodyction system, comprising; 2 capacity.model,
considering a plurality of capacity vectors in the production system; an order management module to
receive an oftef for'e prédactzmeeéservera eapadityforthe omer based ohuthé scapacity model;

whether to adjust the fixed production schedule.

36. A computer implemented system for manufacturing
planning and control in a production system, comprising:

a capacity model, considering a plurality of
capacity vectors in the production system;

an order management module to receive an order for a
product and reserve a capacity for the order based on the
capacity model;

a plan engine tc generate a fixed production
schedule for the order based on the capacity model with a
plurality of input parameters;

a priority management module to assign a priority to
the order in process; and

a production schedule monitor and evaluation module
to determine whether the order in process conforms to the
fixed production schedule by statistical process control
(SPC) and whether to adjust the fixed production schedule
and to adjust the priority when the order in process
deviates from the fixed production schedule,

wherein the production system manufactures the order

in accordance with the fixed production schedule.

37. The system as claimed in claim 36, wherein the

production system is an integrated circuit (IC) foundry.
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a plan engine to generate a fixed production schedule for the order based on the capacity model with
a plurality of input parameters; a priority management module to assign a priority to the order in
process; and a production schedule monitor and evaluation module to determine whether the order in
process conforms to the fixed production schedule by statistical process control (SPC) and whether
to adjust the fixed production schedule and to adjust the priority when the order in process deviates
from the fixed production schedule, wherein the production system manufactures the order in
accordance with the fixed production schedule. 37. The system as claimed in claim 36, wherein the
production system iStan integratedzcircuit {iG)foundry: 127 38.5The sysiestas elaimed in claim 37,
wherein the ij;%(gyctipn schedgle C{ng)nitor and evaluation module comprises a statistical process
control (SPC) Model considering & prurdiity of SPCUsctor< o detefHins° Whether the order in process
conforms to therfixeds productionisthedulel 39 rThe systepnas claimedd) claim<37, wherein the plan
engine generates a new. fixed production schedul the order in process according to a deviation
when receiviirjleéla%a(fr%L ggfﬂ%ﬁﬁer&ft c?eﬁgfn%fhéﬁgn %oumg Fgr%; Er%%%%ﬁén Ts:(gh(%l(:ﬁ%uﬁg “Monitor and evaluation
module. 40. The siistentas claimied in claim-3% whereinftherosdero of the fradudt is divided into a

ph"aMYObe%%ﬁuction schedule.

29. The system as claimed in claim 37, wherein the plan
engine generates a new fixed production schedule for the
order in process according to a deviation when receiving
an adjustment determination from the production schedule

monitor and evaluation module.

40. The system as claimed in claim 37, wherein the order
of the product is divided into a plurality of lots for

production.

41. The system as claimed in c¢laim 40, further
comprising a dynamic achievement model of historical
fixed production schedules for the production schedule
monitor and evaluation module to refer and determine the

fixed production schedule adjustment accordingly.

42. The system as claimed in claim 41, wherein the
dynamic achievement model of historical fixed production
schedules comprises a relationship between fixed
production schedule achievement rate and fixed production

schedule adjustment rate.

43, The system as claimed in claim 42, wherein the

dynamic achievement model further comprises a
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production. 41. The system as claimed in claim 40, further comprising a dynamic achievement model
of historical fixed production schedules for the production schedule monitor and evaluation module to
refer and determine the fixed production schedule adjustment accordingly. 42. The system as claimed
in claim 41, wherein the dynamic achievement model of historical fixed production schedules
comprises a relationship between fixed production schedule achievement rate and fixed production
schedule adjust_{ngnt rate. 43. The system as claimed in claim 42, wherein the dynamic achievement
model furtheF%o%bf’igggﬁ% }%Taﬁ%%%ﬁiptﬁgtmfé]e%etﬂei?i%ﬂlb%dﬁ&io?\%ﬂhfe achievement rate
and manufactuting capability r44 <The: dystemuas: claimed dn elaimi431 wherein manufacturing
capability limits deviation. 45. The system as claimed in claim 44, wherein the dynamic achievement
model further provides an optimal working area based on the relationships to evaluate whether to
adjust the fixéd produetionyschedubes 461 Alewmputer implasmented systeal for matching plan and
execution in I%ergffg%:‘@dr ; com QSia :l?.pgodli{citiont%atgb%si%%torilgg production information of the IC
foundry; a capacity model consi eﬁng a 61uryali y I(§ltlcapac€|3ty Vectors'in the 1IC foundry; an order
management module to receive an order for a

45. The system as claimed in claim 44, wherein the
dynamic achievement model further provides an optimal
working area based on the relationships to evaluate

whether to adjust the fixed production schedule.

46. A computer implemented system for matching plan and
execution in an IC foundry, comprising:

a production database storing production information
of the IC foundry:

a capacity model considering a plurality of capacity
vectors in the IC foundry:

an order management module to receive an order for a
product and reserve a capacity for the order based on the
capacity model;

a plan engine to generate a fixed production
schedule for the order based on the capacity model;

a dynamic achievement model of historical fixed
production schedules based on historical production
information in the production database;

a4 priority management module to assign a priority to
the order in process;

a production schedule monitor and evaluation module

to determine whether the order in process conforms to the
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product and reserve a capacity for the order based on the capacity model; a plan engine to generate a
fixed production schedule for the order based on the capacity model; a dynamic achievement model
of historical fixed production schedules based on historical production information in the production
database; a priority management module to assign a priority to the order in process; a production
schedule monitor and evaluation module to determine whether the order in process conforms to the

29 fixed prod%ge%}iﬁes Qe%ule tb%/ statisctirtlza!ieﬁogegs CSQtar Il é%PC% I?md whether to a%igg the fixed

production sc ased on the dsynaer‘fnlc achieVement moderl andpfg%%?uss% tﬁémprlori y when the

order in process$ deviates fromtthe rfixed proflustiont sehéduledand agroductionssystemte manufacture
the order in agcordange with th I{iggﬁgr%(%%qg)gesmchggull% [, The system as claimed in claim 46,
' duct heddle for the” ordeér in p

wherein the plan engine generates a new fixed pro uction sc e fort erin process
according to Rrdevidtian when rédeiving car adjustmentdetermination frofw tire production schedule

monitor and evalugtion madule. 48. TheSysiem as claimed in claim 46, wherein the order of the

product is divided into a plurality of lots for production. 49. The system as claimed in claim 46, wherein
the dynamic achieVerRetti6del vt histeical fixedprbddctiorure the order in

accordance with the fixed production schedule.

47, The system as claimed in claim 46, wherein the plan
engine generates a new fixed production schedule for the
orcder in process according to a deviation when receiving
an adjustment determination from the production schedule

monitor and evaluation module.

48. The system as claimed in claim 46, wherein the order
of the product is divided into a plurality of lots for

production.

49. The system as claimed in clalim 46, wherein the
dynamic achievement model of historical fixed production
schedules comprises a relationship between fixed
production schedule achievement rate and fixed production

schedule adjustment rate,

50. The system as claimed in claim 49, wherein the
dynamic achievement model further comprises a
relationship between the fixed production schedule

achievement rate and manufacturing capability.

51. The system as claimed in claim 50, wherein the

manufacturing capability limits deviaticn.

52. The system as claimed in claim 51, wherein the
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schedules comprises a relationship between fixed production schedule achievement rate and fixed
production schedule adjustment rate. 50. The system as claimed in claim 49, wherein the dynamic
achievement model further comprises a relationship between the fixed production schedule
achievement rate and manufacturing capability. 51. The system as claimed in claim 50, wherein the
manufacturing capability limits deviation. 52. The system as claimed in claim 51, wherein the 30
dynamic achievement model further provides an optimal working area based on the relationships to
evaluate Whgt\ﬁ%?% adjtist e’ filsd proditidion gb%&ﬂﬁé B Thet§5tém a¥Pdaffiied in claim 46,
wherein the statistiofoaliea SECsmodel. 54cA compuierimplerneniedanethegd-ef execution matching
inan IC found% ognlprigén u%?ustgp%pf: rgceiviﬁril]g an arder of an IC product; reserving a capacity

A R scheduls fSFther drder providing 4 pHSHH for the order:

and generating a fixéd pro on sc
manufacturing the order with the priority according to the fixed production schedule; determining
whether the %rgler In.process conforms tg the f3<ed pro uctlon4%chewogjle with st%tlstlcal process

control (SPC); d'eterm|n|nsgyvsvﬁ(§ﬂ)1e{?1 foa ﬁ%?ﬂft%e ﬁ"rﬁlorﬁy for the érder?nr[?ﬁ)%egs With statistical

process contrdlgdngtic tool i1s a SPC model.

4. A computer implemented method of execution matching
in an IC foundry, comprising the steps of:

receiving an order of an IC product;

reserving a capacity and generating a fixed
production schedule for the order;

providing a priority for the order;

manufacturing the order with the priority according
to the fixed production schedule;

determining whether the crder in process conforms to
the fixed production schedule with statistical process
control (SPC);

determining whether to adjust the priority for the
order in process with statistical process control; and

determining whether to adjust the fixed preduction
schedule based on a dynamic achievement model of

historical fixed production schedules.
55. The method as claimed in claim 54, wherein the
capacity is reserved based on a capacity model of the IC

foundry.

56¢. The method as claimed in claim 54, wherein the order

is divided into a plurality of lots.
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determining whether to adjust the fixed production schedule based on a dynamic achievement model
of historical fixed production schedules. 55. The method as claimed in claim 54, wherein the capacity
is reserved based on a capacity model of the IC foundry. 56. The method as claimed in claim 54,
wherein the order is divided into a plurality of lots. 31 57. The method as claimed in claim 54, wherein
the dynamic achievement model of historical fixed production schedules comprises a relationship
between fixed.prodyction schedule achievement rate d,fixeg production schedule adjustment rate
with an SPC %gdl. 58.ﬁﬁ1én?n%e ﬁé% as ¢ afr%%%“fr?clﬁrﬁn% thetéin tHE8 Sdyndmic Achievement model
further comprsesairelaiinshipbemeendhe Tixed productionsehedtiles achievement rate and
manufacturin %ﬁp@b'@.\é 59. The.method as claimed in_claim 58, wherein the, manufacturing
capability Iim%g dev}'éiﬂon. 60. The method 5%%%?%88%% airrgﬁ ,%ﬁ‘n%réﬂliﬁ%ﬁg dynamic achievement
model furtheprovidesiam optithal wiorkingrarea #ased onghe relatioriships ta:evaluatei avhether to

amugiheﬁxgg@g§§fg09§§@§gﬂgh§2rate with an SPC tool.

58. The method ag claimed in claim 57, wherein the
dynamic achievement model further comprises a
relationship between the fized production schedule

achievement rate and manufacturing capability.

59. The method as claimed in claim 58, wherein the

manufacturing capability limits deviation.

60. The method as claimed in claim 59, wherein the
dynamic achievement model further provides an optimal
working area based on the relationships to evaluate

whether to adjust the fixed production schedule.
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