DESCRIPTION TITLE OF THE INVENTION: DEVICE MANUFACTURING APPARATUS AND
METHOD FOR THE SAME TECHNICAL FIELD [0001] The present invention relates to a device
manufacturing apparatus and a method for manufacturing the device, which are adapted for
variable-product variable-quantity production of a semiconductor device or similar devices.
BACKGROUND ART [0002] Recently, themaipstregm of manufacturing lines for the
semiconductor device has a layout where a job shop system is employed. The job shop system

includesrapluradity cHunityyweNthcre misired torasUEYSTARI Ning Pogeter prasEs singrapparatuses
which have the same kind of functions, and connects the bays by a conveyance robot or a belt

conveydfih alidrge&tean room.

TECHNICAL FIELD
[0001]

The present invention relates to a device manufacturing
apparatus and a method for manufacturing the device, which are
adapted for variable-product variable-gquantity production of a

semiconductor device or similar devices.

BACKGROUND ART
[oco2]

Recently, the mainstream of manufacturing lines for the
semiconductor device has a layout where a jcb shop system is
employed. The job shop system includes a plurality of units,
which are referred to as bays and bring together processing
apparatuses which have the same kind of functions, and connects
the bays by a conveyance robot or a belt conveyor in a large
clean room.

For a work processed in the manufacturing line, a large
diameter wafer which has a diameter of, for example, 12 inches is
used. The manufacturing system manufactures thousands of
gsemiconductor chips from one sheet of the wafer.

[0003]

However, in this job shop system, in the case where a

plurality of similar processes is repeated, a conveyance distance

inside a bay and among bays becomes substantislly longer and



For a work processed in the manufacturing line, a large diameter wafer which has a diameter of, for
example, 12 inches is used. The manufacturing system manufactures thousands of semiconductor
chips from one sheet of the wafer. [0003] However, in this job shop system, in the case where a
plurality of similar processes is repeated, a conveyance distance inside a bay and among bays

becomes sybpANAINopger aad vaiing tmeis alsolgage. This causes jasteased spanyacturing

. . I
time, increased products In progress, O actors whnich cause an increased cost. hug, a problem

of low productivityspay sEigedrdbe Mmanufaciring line forprogessing @ largenumberof works. In
view of this, a manufacturing line by a flow shop system where semiconductor processing apparatuses

are arrangedsn dhe dndercekprboesses hasibsengprppobdeinstead of the-canvettianat manufacturing
line by the job shop system. [0004]  On the other hand, a manufacturing line by the flow shop
system RAhemost ABPrORMIEISTHEHRE WhER A%aTdernnnBeiBtife dameepioatets ans
manufactured, however, in the case where a manufacturing procedure (recipe) needs to be changed
to manufaétiife another product, it is necessary to rearrange the location of each semiconductor

processing appatatils in the: r’r%ga}ctg ri[ggrl{g@aigt@gig{ﬁei 9;1%16%3 rocess J‘vagl(l)(g the Wotrg.mHowever,
Isti

considering labors and time for the rearrangement, It is not rea to rearrange t e Tocation in that

way evepndirae Haenprosharids shapged.Espasialypinthe @urent;situationvhere a huge
semiconductor processing apparatus is fixed and disposed in a clean room which is a closed space, it
is realisticalrinogogsiblectoseariang eitbersguigonsiediarrbeessing apparatusigrgacknaase.
manufacturing line by the job shop system.
[0004]
On the other hand, a manufacturing line by the flow shop
system is the most appropriate for a case where a large number of
the same products are manufactured, however, in the case wheres a
manufacturing procedure (recipe)} needs to be changed to
manufacture another preduct, it is necessary to rearrange the
location of each semiconductor procesgsing apparatus in the
manufacturing line in the order of the process flow of the work.
However, considering labors and time for the rearrangement, it is
not realistic to rearrange the location in that way every time
the product is changed. BEspecially, in the current situation
where a huge semiconductor processing apparatus is fixed and
disposed in a clean room which is a closed space, it is
realistically impossible to rearrange the semiconductor
processing apparatus in each case.
[0005]
In conventional semiconductor manufacturing systems, the
greatest importance has been placed on simultaneous productivity

(amount of producticn per unit time) as a factor for minimizing



[0005] In conventional semiconductor manufacturing systems, the greatest importance has been
placed on simultaneous productivity (amount of production per unit time) as a factor for minimizing the
manufacturing cost. Thus, an increase in the diameter of a work size (silicon wafer size) and an
increase in the number of the unit of manufacturing (humber of orders for one type of product) have

been priogilizgd aRd & uge mauiactugng system.; se-ralled megaipb has,heeaprigpted.  In this

huge manufacturing system,the number of processes is more than several hundreds. In proportion to

that nurpeik the srumbersieihaysaed appasgtusas haveibrerealss ingreasingisubsianiially.
Accordingly, a facility investment of several hundreds of billions of yen is required to establish such a
megafalhandrantaggregate iaastneng hasibdesrbedomintemeg € atthongh theg¢hrughput of the entire
manufacturing line has been improving. ~ Furthermore, as the manufacturing system has been
becomidtf ﬁ%}ét&s He3& RS RLBYE ORECH b GHiFe APPAPRURFREBEEN BERBNTIKEG Bnplicated.
Thus, conveéla{fgcltime or waii gé!rggé%a Co,nvelgalgce system has been dramatically increasing.

L S0~ eda il Qrle . Lo . .
Accordln&y, fhe Ramber oj% Wafers in'progréess Which remain in the manufacturing line has been also

dramatically increasing -Sicedhe L1iRNGE pf he large diamefer wafgrdisegehgrgiisagry digh, an
increase in the number of waters in progress causes an
ig more than several hundreds. In proportion to that number, the
numnbers of bays and apparatuseg have been algo increagsing
substantially.

Accordingly, a facility investment of several hundreds of
billions of ven is required to establish guch a megafab, and an
aggregate investment has been becoming huge although the
throughput of the entire manufacturing line has been improving.

Furthermore, as the manufacturing system has been becoming
huge as described above, the contrel of the apparatus has been
becoming complicated. Thus, conveyance time or waiting time in a
conveyance system hag been dramatically increasing. Accordingly,
the number of wafers in progress which remain in the
manufacturing line has been also dramatically increasing. Since
the unit price of the large diameter wafer used here is very high,
an increase in the number of wafers in progress causes an
increase in cost.

In view of thisg, it is said that total productivity
including the facility investment has already started to decrease
under present cilrcumstances, compared with a comparatively
medium-scale manufacturing line where the wafer which has a
smaller diameter than the current wafer is used.

[6006]



increase in cost. In view of this, it is said that total productivity including the facility investment has
already started to decrease under present circumstances, compared with a comparatively
medium-scale manufacturing line where the wafer which has a smaller diameter than the current wafer
is used. [0006] FIG. 7 illustrates a size effect of a semiconductor manufacturing system in the

megafab descri@%gbgvglluséga{gggagesqutge Sirently mpogt gg}{ar&%%ggy&onductor plant

(megafab) where the wafer size is 12 inches, the number of apparatuses is 300, the number of wafers .

in progress:which siaiy hessiens 1700 dhe aurakeicafipaskstabe used is 34, the floor space
is 20000 square meters, and the amount of the facility investment is approximately 300 billion yen.

In this case, the prothetion eapatityiper coontéris iy Ororltion@diecesspe epaarawhdnconwerted to the
chip of 1 cm2. The operation rate of the wafer is less than 1%, and the resource utilization efficiency is
less thaR 4%, {Rsigedel thehrEr duisite rRlEs fEiRes. TFhel reduidermetepcreuitieyirPéach process

is 1 minute %er one wafer, the numper of ocessgs is J‘:500 in the case of a metal 8 layer

semicon 5ﬁ1élﬁﬁetﬁe1§es?’laﬂ’ru s 99" e.lfoﬁ 7]Na ers in progress which stay

in the system is 17000, the number of masks to be used is 34, the
floor space is 20000 sguare meters, and the amount of the
facility investment is approximately 300 billion ven.

In this case, the producticon capacity per month is 140
miilion pieces per year when converted to the chip of 1 cm®. The
operation rate of the wafer is less than 1%, and the resource
utilization efficiency is less than 0.1%. However, the
prerequisite is as follows. The required time (cycle time) in
each process is 1 minute per one wafer, the number of processes
is 500 in the case of a metal 8 layer semiconducter, and the
design rule is 90 nm.

[0007]

On the other hand, there are needs to manufacture extremely
small amount of semiconductors, for example, in several pieces to
several hundreds of pieces, for an engineering sample, a
ubiquitous sensor, or the like.

In the case of the manufacturing system which is not such =z
huge manufacturing system, this extremely small amount production
can be performed such that the ceost performance is not sacrificed
much. However, 1f this extremely small amount production is
performed in the manufacturing line of this huge manufacturing
system, the cost performance becomes extremely low. Accordingly,

another product type has to be processed in the manufacturing



On the other hand, there are needs to manufacture extremely small amount of semiconductors, for
example, in several pieces to several hundreds of pieces, for an engineering sample, a ubiquitous
sensor, or the like. In the case of the manufacturing system which is not such a huge
manufacturing system, this extremely small amount production can be perfoitned such that the cost

perfotmarl%%isa%ott%crggﬁg much. However, if this extremely small amount production is performed
in the manufacturing line of this huge manufacturing system, the cost performance becomes extremely

low. Accordinglyapetaer produgt fyRehasiebepiocesped inthe mandactuing: lingat the same

time. However, if multiple product types are processed at the same time to perform a mix flow
productieamthe-prae uotivity vf dlre: mamifactiring linefurtherdecrensepasdhemiimber ofproduct types
increases. In view of this, this huge manufacturing system cannot appropriately address the production
for extreFhely FRAIF aftoumtthd At FePrBatcES pEsafiTDgls tIRebHENRY td deyi@uct
manufacturin%(?%/stem where the flow shop.system or the job sho&%stem is employed, various kinds

of devicE¥ X5 AdUPEES A Hetreas? it il opérationTatd h the HEp SR RSO 1R BEER
conventionallypropased (PATENT HEERATURE Lor RATENT HIFRATURE D), sma11

amount and multiple product types.
[c008]

Regarding the device manufacturing system where the flow
shop system or the job shop system is employed, various kinds of
devices to address a decrease in an operation rate in the
respective methods have been conventiocnally proposed (PATENT

LITERATURE 1 or PATENT LITERATURE 2).

CITATION LIST
PATENT LITERATURE
[0009]
PATENT LITERATURE 1: Japanese Unexamined Patent Application
Publication No. 2005-197500.
PATENT LITERATURE 2: Japanese Unexamined Patent Application

Publication No. 2008-227086.

SUMMARY OF INVENTION
TECHNICAIL: PROBLEM
[0010]
The inventions described in PLT 1 and PLT 2 improves the
efficiency in the flow shop system or the job shop system.

However, they are not sufficient to ensure cuality and high cost



CITATION LIST PATENT LITERATURE [0009] PATENT LITERATURE 1: Japanese Unexamined
Patent Application Publication No. 2005-197500. PATENT LITERATURE 2: Japanese
Unexamined Patent Application Publication No. 2008-227086. SUMMARY OF INVENTION
TECHNICAL PROBLEM [0010]

performance for any one of extremely small amount of production
of multiple product types, and mass production of a single
product type. That is, they are not sufficient to flexibly handle
variable-product variable—quantiﬁy production.

[0011]

An achievement of research and development contributes to
scociety only after it is incorporated‘into an actual
manufacturing system to be demenstrated. This also applies to the
gemiconductor category.

However, in order to be incorporated into a huge device
manufacturing system such as a megafab, the achievement of
xeéeaxch and development needs to be established as a production
technology to be incorporated into a large-scale device
manufacturing apparatus. Thus, more time and managerial resources
are further required.

This is a so-called "valley of death" which lies between
the research and development and the market. A current device
manufacturing system has a problem that the achievement of
research and development does not sufficiently contribute to
society even though it is superior and is achieved with much
effort.

[0012]

Furthermore, regarding a conventional huge semiconductor
manufacturing system, each manufacturing apparatuses is huge, and
is not easily moved when placed in a plant. Accordingly, it is
difficult to move the apparatus, and it is impossible to change
the location to shorten the conveyance path of products. The

apparatus needs to be maintained or repaired on site because it



The inventions described in PLT 1 and PLT 2 improves the efficiency in the flow shop system or the
job shop system. However, they are not sufficient to ensure quality and high cost performance for any
one of extremely small amount of production of multiple product types, and mass production of a
single product type. That is, they are not sufficient to flexibly handle variable-product variable-quantity

production, Jo911]. .An AchievemenL ot esearct.angldeveloment coaipuics 1o spgiety only after
g ed. Thi

it is incorporated into an actual manuractu system to be demonstr s dlso apﬁllsés to the

SemiCoNGHEIQICRHLHBEEU1 tﬁwrx@q@rﬂ@é@ DHe1incgenosptachinte A Ryge,dgvice manufacturing

system such as a megafab, the achievement of research and development needs to be established as
a produetipretecinciogy te=bedncerposadechinte adarfje=atale deviee mahufaekringrapparatus. Thus,
more time and managerial resources are further required. This is a so-called "valley of death”
which liés5eresen e Fdseareharri-devdipmaint Bpl GruRariet. Ahsuredistaatée RTaMFacturing
system has a problem that the achievement of research and development does not sufficiently

contribued & S5 cRP BRI 0GR ItIE SUTRNBFENT B HHI/ST iR M GO BifdR, Products.

[0013]

The present invention has been made in view of the actual
gituation described above, and its cobject is to provide a device
manufacturing apparatus and a device manufacturing method which
can flexibly handle variable-product variable-cuantity production
of manufacturing devices such as a semiconductor.

Another object of the present invention is to provide a
device manufacturing apparatus and a device manufacturing method
which can promptly and easily incorporate an achievement of
research and development related to manufacturing of devices such
as a semiconductor into an actual manufacturing line.

A further cbject of the present invention is to provide a
device manufacturing apparatus and a device manufacturing method
which can substantially reduce the price of apparatugses, the

manufacturing cost of products, or the maintenance cost.

SOLUTION TO PROBLEM
{0014}

In order to achieve the objects described above, a device
manufacturing apparatus according to the present invention
includes a plurality of sealed-type unit process apparatuses, a
sealed conveyance container, a wafer entry/exit front chamber,

and conveyance means. The plurality of sealed-type unit process



[0012] Furthermore, regarding a conventional huge semiconductor manufacturing system, each
manufacturing apparatuses is huge, and is not easily moved when placed in a plant. Accordingly, it is
difficult to move the apparatus, and it is impossible to change the location to shorten the conveyance
path of products. The apparatus needs to be maintained or repaired on site because it cannot be

eumed oI hRRAS nANISGUIOD e, T SauSSSIEUIED RSB A e amoun

of travel éxpenses and personnelexpenses es a lot of ime."T

a major gaxsepithe enormeusdyice ofthe appasatuscand e eaomagws manufasturing cost of
products. [0013] The present invention has been made in view of the actual situation described
above, andifisplject isdo provideandewicesnanfifacifinmg apparatuslanchd elvice Thanufacturing

method which can flexibly handle variable-product variable-quantity production of manufacturing
devices SuERTaSRSEMIBBABUERPIL CHBIRE! BjccPbf B IERESHD IR OIS t63reYide a device
manufacturin% apparatus and a device manufacturing method which can r{i)?r‘(ﬁ)mptl and easily

it

incorpp#&%‘ﬁ ¥ _Iﬁ@\‘?ellﬁém’ O?Fé>§eea?§haé?§f‘5§\9é]1%p t%ﬁ\té&?&ﬂ% of devices such as
a semlcgggggggégtp a‘?k?é:t%@fé'@g%%%?@%@ef ront™ HINGIQbIgE! %fi'%? ggepLipvention is to

provide a device manufacturing appa and a device manufacturing method which can snbstantially
reduce the-pries, ot apparatygesbermanyfactingcostof predusisaak thesmaiptensneegost.

SOLUTION TO PROBLEM

to convey the sealed conveyance container between the wafer
entry/exit front chambers. The wafer to be stored in the sealed
conveyance container has a wafer size for manufacturing a device
in a minimized unit. The plurality of unit process apparatuses is
portable. The plurality of unit process épparatuses ig arranged
as a flow shop system for arrangement corresponding to an oxder
of processes for the device. In a case where the number of a unit
of manufacturing of the device is nearly equal to the number of
the unit process apparatuses, the unit process apparatuses are
arranged as a class shop system for classified arrangement at
every major division of orders of processes. In a case where the
number of the unit of manufacturing is less than the number of
the unit process apparatuses, the unit procesgs apparatuses are
arranged as a multicell shop system. The multicell shop system
includes approximately one unit process apparatus arranged in one
cell for one process type. The multicell shop system includes a
pluraiity of the cells.
[001s]

Here, "single process" means a unit of processes which can
be stored in the capacity of one portable container. This

includes not only one process in a conventional device processing



[0014] In order to achieve the objects described above, a device manufacturing apparatus
according to the present invention includes a plurality of sealed-type unit process apparatuses, a
sealed conveyance container, a wafer entry/exit front chamber, and conveyance means. The plurality
of sealed-type unit process apparatuses is configured to process a single process in a device

manuiagogBiocsss Thesealod sanueyvange caniaingh s eonfiauiesi sore,one sheet of wafer as

a work 6bject. The ware It front C er Is configured to pass the wafer between the unit
processpapparaliss anddhesealeq conveyance cantginers d hensalereatylexdtiioptchamber is
disposed for each unit process apparatus. The conveyance means is configured to convey the sealed
conveyargereantain erfiee twegencthieywafer edrydexit frone chantbersothexnwaterde dre=stored in the
sealed conveyance container has a wafer size for manufacturing a device in a minimized unit. The
plurality BTHICEr Gt REISIF afl st iB3oreatite UTRe Pl ahify sPmieprocesslapisafiiasis arranged
as a flow sho %sﬁt)%m for arrangement carresponding to an order of processes for the device. In a

e

case wHEE t EEFOFE‘?JH?‘& RRRBFRSHIRY of e FeUReds TR EqUHiAS tREXchiSer of the
unit progess apparaf §85p@gc%@EQQQ%?&P%%QtW@ﬂ%Q%S,?ﬁear%'ééﬁ opsysiem for

classified arrangement at'every major division of orders of processe a case where the number of
the unit gf- granrufacturing is less than the number of the unit process apparatuses, the unit process
apparatuses are arranged as a multicell shop system. The multicell shop system includes
approxinhagglglone unit process apparatus arranged in one cell for one process type. The multicell
shop system includes a plurality of the cells. [0015] Here, "single process" means a unit of
processes whichZar e B¥Gedlif thE CEPaeR of Bhe SordhigeaprhinBACThisHAuBESFREDNlY one
_process in a conventional device processing process, but also a process including multiple
£ 55 fort PESGrat F

convent?&?%)b%ggsslgs gng%?ﬁ&g 6?83%5% ASOfar 6{5%%?38 §§ Barifbe capacity of
the contaiper; Ihe iher processgs-ipclude a procass ihal hasppluraily sl conveslipgguprocesses,

and a process that 1s obtained by dividing a conventional process into multiple processes which are
conventighalbrperfoinet as ONeProsessanufacturing a device in a minimized
unit, and the wafer is processed by the single wafer procesgsing
method to process one sheet by one sheet. This allows flexibly
changing the layout of multiple unit process apparatuses in
accordance with a change of manufacturing processes gr_the number
of the unit of manufacturing. This allows improvement of
production efficiency and gquality of throughput as a device
manufacturing apparatus.

The unit process apparatus processes assuming the process
where the wafer size is a size for manufacturing the device in
the minimized unit, and the unit process apparatus performs only
a single process one sheet by one sheet. This condition is
similar to a condition of a device procegging apparatus in an
experiment phase. Accordingly, an achievement of research and
development in the experiment phase can be easily incorporated
into the unit process apparatus. This allows promptly integrating

regearch, development, and production. This makes it posggible to



[00163 In the present invention thus configured, each unit process apparatus is a processing'
apparatus to process a single process and is a portable apparatus, a wafer as a work object is defined
to have a wafer size for manufacturing a device in a minimized unit, and the wafer is processed by the
single wafer processing method to process one sheet by one sheet. This allows flexibly changing the
layout of multiple unit process aratyses._in accordance \vith a change of manufacturing processes
or the n@r‘ﬁ%g?pg?ﬁwg&ﬁ%it%? rﬁg’nuﬁétur}'ﬁagilﬁﬁys% o%v%%ﬁbrdvement of production efficiency and

quality of througbgut as Adevice manufaciring AOPAEAMS. 5 ¢ Jheunipiacess aRPaats processes

assuming the process where the wafer size is a size for manufacturing the device in the minimized

unit, and:e-unihpieesssappaiatus PerHonys oMy asiaginpresess onscshaethy-ane sheet. This
condition is similar to a condition of a device processing apparatus in an experiment phase.
Accordinigle, amachie\ehientieheseirch aaddbvelnpmagt inthexexpemmientptiase canrbe easily
incorporated into the unit process apparatus. This allows promptly integrating research, development,

and prodi&iFPIRS Heakesit Hossie 1@ ToRPESRE R S6 cale® Reldyest d&3R"a  Furthermore,

since there is nQCneed for a Iarga%clean room which houses a manufacturing line and there are other
coav$P icnal Q§ga o . .
advantages, the énergy efficiency for manufacturing is extremely better, and the operation efficiency of

operators is alsorhettgrthan,a coavertional mredafab.hg «Ahe YaibRrics -abmanufactiiring, fhis unit

process apparatus itself is inexpensive, and there is no need to establish a manufacturing line in a
clean rogasActordinghe-ayvensthesgh-mtrgpatember abunikproGesSsapparalusesineed to be used,

the manufacturing line can be established at a far lower price, compared with an establishment of the
megafameg0oiZfturing line in a clean room. Accordingly, even though a
large number of unit process apparatuses need to be used, the
manufacturing line can be established at a far lower price,
compared with an establishment of the megafab.
[0017]

Most of the conventional manufacturing apparatuses cannot
be moved because they have, for example, a length of several
meters and a weight of 10 tons. When the apparatus is actually
carried in and out of a plant, the apparatus is often
disassembled. Thus, a maintenance staff of a supplier of the
manufacturing apparatus needs to visit the plant to maintain or
repalr the apparatus on site in the event of a fault or for
maintenance. In the actual business scenes, this service is
usually provided without charge, and the on-gite service fee
after purchase is normally added on the purchase price of the
apparatus instead. Additionally, when the apparatus is repaired
or maintained, a large amount of particulates are generated due
to the work in some cases. Thus, in order to prevent the
infiuence on the other manufacturing apparatuses, the line might

be stopped.

10



Most of the conventional manufacturing apparatuses cannot be moved because they have, for
example, a length of several meters and a weight of 10 tons. When the apparatus is actually carried in
and out of a plant, the apparatus is often disassembled. Thus, a maintenance staff of a supplier of the
manufacturing apparatus needs to visit the plant to maintain or repair the apparatus on site'in the

event of a fault ar 1,fo(r: ngl%igg%r]canct%én thc?L gcturaclxpeussin%ss scenes, thigcser\cziiclgel IS usu Ié provided
without charge, and fhe on-Sitd service 1ee arer pur&a?é)ls normal%/ added on the purchase price of

the appyyatlis-insteat:Addijanaly quhen the apparatug s Lepaitesh or Maintaingd, a large amount of
particulates are generated due to the work in some cases. Thus, in order to prevent the influence on
the othepmaracturimhappatatases itherdmenmight fae-stappedoens i lrecontrasts éhesupitprecess
apparatus according to the present invention is downsized to reduce weight and to be portable. Thus,
there is AbtheeeEfonate YIOTSHFE orPSits sbticE AN Pthes et phosssstappaatdsipa irrsent back to
the supplier of the apparatus. Furthermore, assuming maintenance or failure, alternative apparatuses

may be BfelinfiRafRPAepared infthe PIERT R ordRGHIIRE rBRdneG TR forthaifféndice and repair

of failur%'!ﬁt%@er&%y short,a%%rogimatel one m%rnufe for relpl cement of th& a p%@etauses. While the

operation rate of the conventional p?asntm decréasts yltﬂéntlafné“ of faifure or main enance, the decrease

in the operatien raie ebthe plant aceprdingda thepresent invention /s closede zerg and.almost
negligible. Thus, the operation rate can be improved to be close to the ultimate value, 100%. [0018]
Here, theftaieivhete the pumbenal thelunittof maputactusng varieadram antextiemely small amount
to an extremely large amount is described. In the case where the number of the unit of
manufac¢igBhgssesnenidy ShealpropsrampRs in Heiddasdhherrtrahtaberatoraérssiscone, one cell
shop meets the needs, That is, in an early phase of product manufacturing, especially in a prototyping

phase of ST PHEERL iR iR EaSE Wt ESRe MnthEr 51B8RIers ifBxdERRIPEmall, semiconductors are
manufagiui dcghﬁk?c@}“%e% %%Eocpré%@ee ”‘ﬂmaﬁé O%%é%%rsifgr ar%eééaigﬁr%%%d lyReor some product
types may t%len Increases, the layout can be c anged to t?]e class cell's op arrgngement, where the
manufagitrRg $Pegdds faster i dhe pumberLoforders fora single groduct tupe furtheyer
negligible. Thus, the operation rate can be improved to be close
te the ultimate value, 100%.
foo1sg]
Here, the case where the number of the unit of
manufacturing varies from an extremely small amount to an
extremely large amount is described.
In the case where the number of the unit of manufacturing
is extremely small, for example, in the case where the number of
orders 1s one, one cell shop meets the needs. That is, in an
early phase of product manufacturing, especially in a prototyping
phase or other phases, in the case where the number of orders is
extremely small, semiconductors are manufactured in the multicell
shop. If the number of orders for a certain product type or some
product types may then increasesg, the layout can be changed to
the class cell shop arrangement, where the manufacturing speed is

faster. If the number of ordexrs for a single product type further

1l



increases and only the product type are manufactured, the layout can be changed to the flow shop
arrangement, where the unit process apparatuses are arranged in the order of the processing
procedure (process recipe) of the product type. This can further improve the manufacturing speed. In
the case where the received orders exceeds the manufacturing capacity of one flow shop, the flow

shop is exlended.as g parallgl f'%‘%&2890%{?&%%}’)’}?5r%%:%’vrﬁ%%?b%%ég‘%%%@;‘sgﬁgég g‘]’a%%{'z‘?f'r-] tThh;S

lDCIi: r}/
allows manufacturing semiconductors corresponding to t ero

multicell.8hom,ONeURL PEOGRSS- ARPZMALUS éhapangedrdaanefell ipnone pracess fype. For example,
one cleaning apparatus is disposed per cell. Thus, in a manufacturing process of a semiconductor

device wheregne processitypessuctras arclegeifigiprocess ix-dsed afultiple timesestheiwajt process
apparatus is used multiple times until the manufacturing of one device is completed. Typically, in each
of the niliptedists, pRIceSsH E6rdEDhsFSudhaspredusdingYipge, pldcessHRyitctipEhRatre,

supplied amount of raw materials) are slightly different in a plurality of cases, In view of this, it is

necessaryRs hanGBIhBHFOEESSHG CohdGiT for datH Plodees ALGHAinGRE the prodiiction
ffici . 0020 t ther. Lint | , it t
€ |C|encgr%egc;]frga%§{%éegg Lhe mg%l@g%ﬂ%%?%‘r%gggggﬁﬁgﬁ%% \%‘ﬁ%ﬁ qujlogjrocgﬁg apparatuses

are prepared for one process type. According ons are appropriate to each

of the mgitinle 41568 CAR e prelipinarily sep-aRd 988 UMIRFOSESS appataiis Ganhe respansible for
multiple uses of similar processing conditions. This allows the specification of the unit process
apparatshwherethe dunctigrality of therappatatusik spezidlized foaausiagieduhation in accordance
with the processing condition. It is useful because faster processing and a lower cost of the apparatus
is achieveihbyapdeidihty FPaLsHgetdasgo.0 the number of orders.

[0019]

In the muiticell shop, one unit process apparatus is
arranged in one cell for one process type. For example, one
cleaning apparatus is disposed per cell. Thus, in a maﬁufacturing
process of a semiconductor device where one process type such as
a cleaning process is used multiple times, the unit process
apparatus is used multiple times until the manufacturing of one
device is completed. Typically, in each of the multiple uses,
processing conditions (such as processing time, processing
temperature, supplied amount of raw materials) are slightly
different in a plurality of cases. In view of this, it is
necessary to change the processing conditions for each process.
Accordingly, the production efficiency decreases.

[0020]

On the other hand, in the class shop, many unit process
apparatuses are prepared for one process type. Accordingly,
processing conditions which are appropriate to each of the
multiple uses can be preliminarily set, and one unit process

apparatus can be responsible for multiple uses of similar

iz



Furthermore, in the class shop system, the unit process apparatus group is grouped at every major
division of orders of processes. For example, in the case of a device such as memory, CPU, system
LSI, it can be divided and grouped into four major processes, which are a transistor gate process, a
transistor source/drain process, a local wiring process, and a global wiring process. Once the gate
process is flnlesshgd the grrl%%%ssoplgsoce%sl fo %ourc_gécgalsn roc iséaacnd doe nof return to the gate

C . S o
process%e%%uselt 2 gate 1S ajrready formed. A Water is irrev rsﬁﬁy conv%?/gd%mong the four

processgsda.Lhis _%%ﬁ%gi%ﬂéi%%f%&%%@ﬂﬁ_g?o% leke nﬂﬁf&%?réﬂﬁl%nii@an ufacturing
apparatus group in each of the four processes, for minimizing the conveyance distance. Ina
conventigread iganierafijotnoshep shis;geouping is.oat perfaxmeddandsa eleaning.apparatus is disposed
in a cleaning bay and an etching apparatus is disposed in an etching bay. Only one process set
performed deeibogiasiopditichincludesiéletffig: Hepositione apphitaiommgrsaitadarsiopment,
and etching, almost make a circuit of the plant. Actual manufacturing of the system LSI which needs
approxifmately BH0 ot ele s fq GREEEBRVSy dfc Aot HpproxifaBRPASE ki t5-B8mpie all processes.
Since wafer @nt%min%tion progresses during long distance conveyance, cleaning processes need to
. S S UncC 101, . . . . .
be inserted for every distance of approximately 0.5 km (in practice, conveyance distance required for

one cycle of one-pagess.eatdor lithographyh Accordipoly, sleaning processesperds:to be perfoined

approximately 100 times, and inspection processes such as CD-SEM are also required each time.

[0021] apdarthetass-shepithegaboyedestribed npinprooessiappatainsgfoupdegsired for one

lithography, which includes cleaning, deposition, application, exposure, development, and etching, is

optimallpeeeeriersin réspectivaiildss bays thgusaie convayaavya eistanes isaxmentaly short.

Accordi?{%% total time required for entire manufacturing is substantially shortened, thus reducing the
f

probabil t7& EbRAtarhifthtioh T & o BEnfeyamas THIS! afEWERAE cledmng ¥hpdlaiides and the
inspectig}gggg@ggntgﬂ@i%%Sg?;t@t@l% Oégéét@g Aé’QE&"&%”Xc%@ée the, presentinyention uses the
. + )

1 g :
unit proc¢ess apparatus, which'is far smaller than the’processing apparatus Gsed in a conventional

megafabdheconveyance distanse amengdhe apparatusesdedramatigally shergned compared with
the megafab where one apparatus covers the area which is 100 times larger. While a system LSI
needs 600qresessesrd¢he neegriab, thenaswel of fhe psbeessesiis reduced 40 appraxdmately 400
processes in the class cell shop of the present invention. Total conveyance distance is shortened to
approxirh@téiie [FAuURPHédha ehartrAcedsdpPRBSMatkly BE-AL to the gate

process becausge the gate is already formed. A wafer is
irreversibly conveyed among the four processes in thig way.
Accordingly, it is extremely advantageousg to configure the unit
manufacturing apparatus group in each of the four processes, for
minimizing the conveyance distance.

In a conventional, general job shop, this grouping is not
performed, and a cleaning apparatus is disposed in a cleaning bay
and an etching apparatus is disposed in an etching bay. Only one
process set performed for lithography, which includes cleaning,
deposition, application, exposure, development, and etching,
almost make a circuit of the plant. Actual manufacturing of the
system LSI which needs approximately 600 processes requires
conveyance for approximately 50 km to complete all processes.

Since wafer contamination progresses during long distance

13



[0022] This feature is even more remarkable in the flow shop according to the present invention. In
this flow shop, the unit process apparatuses are arranged in the order of the process flow. Thus, the
total conveyance distance is only 160 m. Accordingly, this flow shop not only shortens the
manufacturing time substantially, but also almost eliminates the need for the cleaning apparatuses and

the inspection ipments _and alsa significantly improyes the vield rate at the same time. [0023]
Additionga%}%ﬁﬁor C(laoer;l to %Cﬁ?agbjé%t%epcﬁ%ggﬁssggsgrﬁ)%% \580\]/05’: iyﬁ?ﬁg %ace%ﬁgeg%ran%Ygg%ring apparatus

according; to-the-resentinvention, the ynit proggss aprarafuses.gachhays a,standardized outline.
[0024] With the present invention thus configured, each unit process apparatus has a

standardized autkne-cthis facilitties caaveyanee qisitienipgdasks; asssimilagtasks for the unit process
apparatus, which are associated with a layout change. The configuration for connecting each unit

process Hpwpatpritvoutside apegitigoratidsn ing converaResnres@SoEeohgeying the sealed
conveyance container, or the configuration for arranging_the unit process apparatuses can be also

standardiZEa FRRCAFFRE PEITRANG the 188t 5AHRPdeGitE mATRRCAMY BpparitsfiseiCBurthermore,

a conveyance confrol of the, sealed q(:@pyggaggggoﬁgﬂg‘er can be also simplified or streamlined.

[0021]

In the class shop, the above-described unit process
apparatus group reguired for one lithography, which includes
cleaning, deposition, application, exposure, development, and
etching, is optimally arranged in respective clasg bays. Thus,
the conveyance distance is extremely short. Accordingly, totél
time required for entire manﬁfacturing is substantiall? shortened,
thus reducing the probability of the contamination due to
conveyance. This allows the cleaning apparatuses and the
inspection equipments to be substantially omitted. Additionally,
since the present invention uses the unit process apparatus,
which is far smaller than the processing apparatus used in a
conventional megafab, the conveyance distance among the
apparatuses is dramatically shortened compared with the megafab
where one apparatus covers the area which is 100 times larger.
While a system LST needs 600 processes in the megafabk, the number
of the processes is reduced to approximately 400 processes in the
class cell shop of the present invention. Total conveyance
distance is shortened to approximately 4 km, while the megafab
needs approximately 50 km.

[o022]

This feature is even more remarkable in the flow shop

14



[0025] Additionally, in order to achieve the objects described above, the device manufacturing
apparatus according to the present invention further includes a layout apparatus configured to arrange
the plurality of unit process apparatuses as the flow shop system, the class shop system, or the
multicell shop system, based on the number of the unit of manufacturing and a recipe required for

processing the unit of manufacturing. [0026 . With the present_ invention thus configured, since the
unit proge%%°§$§%t£§’ i;%%gm%fuer% é be' \ggr B%Per,l ’[hegp uF’a |JtyS o#%ﬁ‘l’f psr%lggSs E%Sa tSes can be

easily regrranged as the dewsshon, system, the dass shop systam,. of the quulticell shap sysiem by

using the layout apparatus. [0027] Additionally, in order to achieve the objects described above, in
the devitewmantfastwing appatatusaccerdingdeibe piesentlipvesiiom.a ple@dibaohgrapufacturing

lines is disposed as the flow shop system depending on the number of the unit of manufacturing.
this flow shop not only shortens the manufacturing time
substanﬁially, but also almost eliminates the need for the
cleaning apparatuses and the inspection equipments and also
significantly improves the yield rate at the same time.
{0023]

Additionally, in order to achieve the objects described
above, in the device manufacturing apparatus according to the
present invention, the unit process apparatuses each have a
standardized outline. |
[0024]

With the present invention thus configured, each unit
process apparatus has a standardized outline. This facilitates
conveyance, positioning tasks, or similar tasks for the unit
process apparatus, which are associated with a layout change. The
configuration for connecting each unit process apparatus to
outside, the configuration of the conveyance means for conveying
the sealed conveyance container, or the configuration for
arranging the unit process apparatuses can be also standardized.
This allows reducing the cost of the device manufacturing
apparatus itself. Furthermore, a conveyance control of the sealed
conveyance container can be also simplified or streamlined.

[0025]

Additiocnally, in order to achieve the objects described

above, thé device manufacturing apparatus according to the

present invention further includes a layout apparatus configured
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[0028] With the present invention thus configured, even though the number of the unit of
manufacturing is several thousands of pieces or several hundreds of thousands of pieces, simply
extending the manufacturing lines of the flow shop is enough, and there is no need for a large clean
room. Accordingly, an enolmous amount of facility investment is not necessary, unlike the megafab.
[0029] c Additionallyé in orflert aghievg the.%bjects described ab ve, in the d%gi:i;l/icef anufacturing
apparatuéj a%%gﬁd?ﬁge toq?ﬁe FESENTN erCIJtIOI;ll,I} & minimized GRRTS 0 &55d Tive water iz is 0.5 inch
in diametgr, {00301 o, With the Juesentinpventipnthus,copfiguiad; auarqohigghis.one wafer for one
device for singlé wafer processing. This allows simplifying the unit process apparatus, the sealed
conveyangesepriaingiethewwader ermryfexitdront chamber the eapveyanceimeanse apd other units.

This allows the manufacturing line to be established at a far lower price.
reguired for processing the unit of manufacturing.
f0026]

With the present invention thus configured, since the unit
process apparatus is configured to be portable, the plurality of
unit process apparatuses can be easily rearranged as the flow
shop system, the class shop system, or the multicell shop system
by using the layout apparatus.

[0027]

Additionally, in order to achieve the objects described
above, in the device manufacturing apparatus accérding to the
present invention, a plurality of manufacturing lines is disposed
as the flow shop system depending on the number of the unit of
manufacturing.

[0028]

With the present invention thug configured, even though the
number of the unit of manufacturing is several thousands of
pleces or several hundreds of thousands of pieces, simply
extending the manufacturing lines of the flow shop is encugh, and
there is no need for a large clean room. Accordingly, an enormous
amount of facility investment is not necesgsary, unlike the
megafab.

[0029]

Additionally, in order to achieve the cbijects described

above, in the device manufacturing apparatus according to the

present invention, the minimized unit is one, and the wafer sgize
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[0031] Additionally, in order to achieve the objects described above, a device manufacturing
method for manufacturing a device according to the present invention uses a wafer with a wafer size
for manufacturing a device in a minimized unit. The device manufacturing method use a plurality of
sealed-type unit process apparatuses configured to process a single process in a device
manufacturigg Process. .Th Elura!:it of unit process apparatuses is portable. In a case where the
number Bf a'uriit &F Manttac ua?fﬁeg of the device is more than the number of the unit process
apparatuggs, 5h1e plurality of unit process apparatuses is arranged as a flow shop system for
arrangement corresponding to an order of processes for the device. In a case where the number of the
unit of manufactufing afitbeieviests neadyeqoal teihe rumbegetée unitpresessapparatuses, the
unit process apparatuses are arranged as a class shop system for classified arrangement at every
major divisiomef wedes ofqrocesselsuncecdsy whieng the wahte rofathesmingf. maiufacturing is less
than the number of the unit process apparatuses, the unit process apparatuses are arranged as a

multicel Pehiprsy Ste P Firfe RaItRR SHop syRISRSREIRIFRHFITORimAteR §R8 1Rt process apparatus

arranged in one cell for one processtt%%e.wy%e jl;ﬂ(l#%%%%?dl%% y%:eméncclﬁdre}%glplug lity of the cells.

[0032] oK thedevice manu acturing Method 4cc ng to e I|c}resenat‘|nven'tion fhus configured,

since the ynif-Rrocess aenatatus eonfigured to procesgR singleipracess ds siandardized:apd is a
portable apparatus. This allows flexibly and easily changing the layout of the unit process apparatuses

in accordanee withra changelafsnaquiacturifg praeessesaribe number of the unit of manufacturing.
This allows improvement of production efficiency and quality of throughput as a device manufacturing
apparatu$0311 In the device manufacturing method according to the present invention, a wafer as a

work object is defined to have a wafer size for manufacturing a device in a minimized unit. This

condition is simifsf4d & C8RditiENn ofa BEARE prBceSHAG HpparsiinssT exp&inentpiase.

Accordingly, an achieyerent, of esearch and developiment in the experiment phase can be casly
incorporated Into the Unit process apparatts” Thisallows promptly intégrating’ research, development,

and proguctions this makes.it possible tq gveraorme the se-callpdr vallgy of dgaliiser diurhelulore,
since the device manufacturing method according to the present invention does not require a large
clean roggrwhichulfadses arigaautkeldkag line andithere ase offigzadvahtagasyike:energy efficiency
of throughput for manufacturing is extremely better and the operation efficiency of operators is also
better thaaraiéantentiomimaggafhbise a plurality of sealed-type unit process

apparatuses configured to process a single process in a device
manufacturing process. The plurality of unit process apparatuses
ig portable., In a case where the number of a unit of
manufacturing of the device ig more than the number of the unit
process apparatuses, the plurality of unit process apparatuses is
arranged as a flow shop system for arrangement corresponding to
an order of processes for the device. In a case where the number
of the unit of manufacturing of the device is nearly equal to the
number of the unit process apparatuses, the unit process
apparatuses are arranged as a class shop system for classified
arrangement at every major division of orders of processes. In a
case where the number of the unit of manufacturing is less than
the number of the unit process apparatuses, the unit process

apparatuses are arranged as a multicell shop system. The
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With the device manufacturing method according to the present invention, the unit price of
manufacturing this unit process apparatus itself is inexpensive, and there is no need to establish a
manufacturing line in a clean room. Accordingly, even though a large number of unit process
apparatuses need to be used, the manufacturing line can be established at a far lower price,

compared thi:th a Je.stzi_g)lishmentt of the e%afab. 0033]. tA ditionally, in order to achieve the
objects J8scribed absve FinTHE device manutactoring mattod: E’c@fa?név’fblﬁéjﬁpecs%ﬁinvention,the

unit pro%mé\t%%%g&h%e&ga@gﬂdiggg %'én%x[ggéé]s £ JNith the present invention thus

configured, each unit procesSs apparatus has a standardized outline. Thrs facilitates conveyance,

positiontgitasks.1qr similar séasksiorthe Lnikprogess @pRal alise which are asgqciated with a layout
change. The configuration for connecting each unit process apparatus to outside, the configuration of
the convey@mee means for conveying the sealed conveyance container, or the configuration for
arranging the unit process E‘F%?ratuses can be also standardized. This allows reducing the cost of the

device manufactiiig &BiSardtis #8eFAPURRASTHEEIA BBSRARE 81D tRe BBAled conveyance

containerj_g:(eag tr)l% a:ltsqvgilrln llifiedt qlsstr%%rlg 'Qegr@g%éin Furktlhermore, in order to achieve the
objects H&SEibEd above: ihthe davics Manuracturing thatifod atcofihiy ¥ 4 Bfesent invention, the

'nm"nE%@ﬂ&@i%@Qecéﬁgﬂgﬁﬂﬁﬁeﬁyiﬁx@ess a single process is standardized
and i1s a portable apparatus. This allows flexibly and easily
changing the layout of the unit process apparatuses in accordance
with a change of manufacturing processes or the number of the
unit of manufacturing. This allows improvement of production
efficiency and quality of throughput as a device manufacturing

- apparatus.

In the device manufacturing method according to the present
invention, a wafer as a work object is defined to have a wafer
gize for manufacturing a device in a minimized unit. This
condition is similar to a condition of a device processing
apparatus in an experiment phase. Accordingly, an achievement of
research and development in the experiment phase can be easily
incorporated into the unit process apparatus. This allows
promptly integrating research, development, and production. This
makes it possible to overcome the so-called "valley of death".

Furthermore, since the device manufacturing method
according to the present invention does not require a large clean
room which houses a manufacturing line and there are other
advantages, the energy efficiency of throughput for manufacturing
is extremely better and the operation efficiency of operators is

also better than a conventional megafab.
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is 0.5 inch in diameter. [0036] With the present invention thus configured, a work object is one
wafer for one device for single wafer processing. This allows simplifying the unit process apparatus,
the sealed conveyance container, the wafer entry/exit front chamber, the conveyance means, and
other units. This allows the manufacturing line to be established at a far lower price.

ADVANTAGEOUS EFFECTS OF INVENTION [0Q37 The present . invention can flexibly handle
%lt%tﬁ:eg i %\fjfﬁgnﬁfaa%ﬂfjﬁr‘f& hlﬁés,mg Hﬁ%%t%%ﬁ%éi%ﬂgnﬁgd EEremely easily

the varied number 6

among thellqus shopJayaLtthe class, b BouL. and themulicel,shop layout, Jhjs enables each

manufacturing apparatus not to be in a non-operational state, an evice manufacturing
apparatys-andsnetiash itk is tlenant of eceaepde haage HLEaanoraiciUPtHMm gaddownturn, can
be achieved. Furthermore, according to the present invention, the unit process apparatus and the
inside ofthes¢onayancesysfamtareisenlédfmmithe workaspacedor operators i Thiseliminates the
need for a clean room which houses the entire device manufacturing apparatus and improves the
operatioh 6THER_RNRy bREPRIAtIIEBINeE thE WafErRrss proRRbamEss ised size ik misithized unit

[ ici manufacturing is extremely better than
andthe% g’ﬁgﬁ%%%é %%fﬁg”&gggnbggaggeg@%%gfﬁgEZéogt a gar lower prfhe,y
a conventional megarab.

compared with an establishment of the megafab.
[0033]

Additionally, in order touachieve the objects described
above, in the device manufacturing method according to the
present invention, the unit process apparatuses each have a
standardized outline.

[0034]

With the present invention thus configured, each unit
process apparatus has a standardized outline. Thig facilitates
conveyance, positioning tasks, or similar tasks for the unit
process apparatus, which are associated with a layout change. The
configuration for connecting each unit process apparatus to
outside, the configuration of the conveyance means for conveying
the sealed conveyance container, or the configuration for
arranging the unit process apparatuses can be also standardized.
This allows reducing the cost of the device manufacturing
apparatus itself. Furthermore, a convevance control of the sealed
conveyance container can be also simplified or streamlined.
[0035]

Furthermore, in order toc achieve the objects described
above, in the device manufacturing method according to the

present invention, the minimized unit is one, and the wafer gize
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Additionally, an achievement of research and development can be easily incorporated into an actual
manufacturing apparatus, even though it is an achievement in an experiment phase. Accordingly, this
allows promptly integrating research, development, and production. BRIEF DESCRIPTION OF
DRAWINGS [0038] [FIG. 1]JFIG. 1 is an enlarged explanatory drawing of a part of a manufacturing line

according.tq,ap exemplary gmhadiment of the present invention. [FIG. 2]JFIG. 2 is a perspective view
of a unit process

[0036]

With the present invention thus configured, a work object
is one wafer for one device for single wafer processing. This
allows simplifying the unit process apparatus, the sealed
conveyance container, the wafer entry/exit front chamber, the
conveyance means, and other units. This allows the manufacturing

line to be established at a far lower price.

ADVANTAGEQUS EFFECTS OF INVENTION
[0037]

The present invention can flexibly handle the varied number
of the unit of manufacturing. That is, a layout can be changed
extremely easily among the flow shop layout, the class shop
layout, and the multicell shop layout. This enables each
manufacturing apparatus not to be in a non-operational state, and
a flexible device manufacturing apparatus and method, which is
tolerant of economic change or economic upturn and downturn, can
be achieved.

Furthermore, according to the present invention, the unit
procegs apparatus and the inside of the conveyance system are
sealed from the work space for operators. This eliminates the
need for a clean room which houses the entire device
manufacturing apparatus and improves the operation efficiency of
operators. Since the wafer to be processed has a wafer size in a
minimized unit and there is no need for a clean room, the energy
efficiency for manufacturing is extremely better than a

conventional megafab.
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apparatus used for the manufacturing line according to the exemplary embodiment of the present
invention. [FIG. 3]FIG. 3 is an exploded perspective view of a sealed conveyance container used for
the manufacturing line according to the exemplary embodiment of the present invention. [FIG. 4]FIG. 4
is an exemplary arrangement in a flow shop system of the manufacturing line according to the

exemplary embediment aLine presentiyention. IF) G, PIELG. 3 fs.an sxemplany aupagement (in a
class s_hop layout) 1n a job shdp system ofthe manufacturing?me according to t epexemplary

~ embodireat b the,present HeANoRs RIG- BIELS -6 sk exemplanyralrangemenk {ipa-anicel
even though it is an achievement in an experiment phase.

Accordingly, this allows promptly integrating research,

development, and production.

BRIEF DESCRIPTION OF DRAWINGS

[0038]

[FIG. 1] FIG. 1 is an enlarged explanatory drawing of a part
of a manufacturing line according to an exemplary embodiment of
the present invention.

[FIG. 2] FIG. 2 ig a perspective view of a unit process
apparatus used for the manufacturing line according to the
exemplary embodiment of the presént invention.

[FIG. 3] | FIG. 3 is an exploded perspective view of a sealed
conveyance container used for the manufacturing line accoxding to
the exemplary embodiment of the present invention.

[FIG. 4] FIG. 4 ig an exemplary arrangement in a flow shop
system of the manufacturing line according to the exemplary
embodiment of the present invention.

[FIG. 5] FIG. 5 is an exemplary arrangement (in a class shop
layout) in a job shop system of thé manufacturing line according
to the exemplary.embodiment of the present invention.

[FIG. 6] FIG. 6 1g an exemplary arrangement (in a multicell
shop layout) in the job shop system of the manufacturing line
according to the exemplary embodiment of the present invention.
[FIG. 7] FIG. 7 is a table illustrating size effects of

gsemiconductor systems.
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shop layout) in the job shop system of the manufacturing line according to the exemplary embodiment
of the present invention. [FIG. 7]FIG. 7 is a table illustrating size effects of semiconductor systems.
[FIG. 8]FIG. 8 is an exemplary arrangement (in a cell shop layout) of the manufacturing line using the
unit process apparatus according to the exemplary embodiment of the present invention.

DESCR'FF-I;_J(?_N 8F EMBF?{I??.IMSEI\J{LSJROE)QJ@mplary arrangement (in a cell shop

layout) of the manufacturing line using the unit process
apparatus according to the exemplary embodiment of the present

invention.

DESCRIPTION OF EMBODIMENTS
[0039]

The following describes an exemplary embodiment of the
present invention by taking semiconductor device manufacturing as
an example and by referring to the accompanying drawings.

FIG. 2 is a perspective view of a unit procesg apparatus 1.
The perspective view on the left side is a perspective view,
viewed from a wafer entry/exit front chamber 5 side. The wafer
entry/exit front chamber 5 is used for carrying a wafer in and
out of the unit process apparatus 1. The perspective view on the
right side is a perspective view, viewed from the opposite side
of the wafer entry/exit front chamber 5. As illustrated in FIG.
2, the unit process apparatus 1 includes a main processing unit
la, an apparatus lower portion le, and an upper and lower
coupling spacer 1lc. The main processing unit 1a is an apparatus
upper portion 1d, which has a working space for performing a
single process. The apparatus lower portion le includes a raw
material supplying system, an exhaust system, a control unit, or
similar gystems for the main processing unit la. The upper and
lower coupling spacer lc¢ couples the main processing unit la
{(apparatus upper portion 1d}) with the apparatus lower portion le.
With use of the upper and lowér coupling spacer 1f, the main

processing unit la and the apparatus lower portion le are
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The following describes an exemplary embodiment of the present invention by taking semiconductor
device manufacturing as an example and by referring to the accompanying drawings. FIG. 2is a
perspective view of a unit process apparatus 1. The perspective view on the left side is a perspective
view, viewed from a wafer entry/exit front chamber 5 side. The wafer entry/exit front chamber 5 is used
for carrying, awales in and.utalibe ynlbpigcsss Apnarals.l. The PELSeCllys view on the right side
is a perspective view, viewed rorm the opposite side of the wafer entry(iexn front chamber 5. As

illustrated in FIGp:2; dhgA¥t pracessappssatschincludas adnain RroGes sk iy Areapparatus
lower portion le, and an upper and lower coupling spacer Ic. The main processing unit la is an

apparatus uppeapodigt-tek which hasra wwerkingl spacesforpesformipegd. sinple precassydihe apparatus
lower portion le includes a raw material supplying system, an exhaust system, a control unit, or similar
systemPRF¥ the &R repessmgUMIt RYTherga[idioand fowEREGERI g BRdcatliewdlpiessthe main

processing unit la_(apparatus uppe;IE]ortion 1d) with the apparatus lower portion le. With use of the

upper afid TREr Codiirng 3PEREF It X he T aRE st et J Nt T ahithEaphar&ftsSSter portion le are

fi f h hi [ . h
contud g . SPCh g SAEh Gl 9SSEERo A TP N IOCESSAROES 1 e an

ardized to be an approximately epiped. part of the
apparatys lQweporionie-£asters (not shown) are disposed as transportation means for moving the
unit process apparatus 1. Thus, the unit process apparatus 1 is configured to be moved as necessary.
On the apparationes poriendeus uhityarocpss appardies sideconnpetoreestiepiizissatse disposed.
The connector portion Ib brings together the raw material supplying piping, an exhaust pipe, a control
signal lifé SenEaIpReFeE P @srtterlikEtollse 2daplcdimre post, whith isEsesibed Iawrtdiara piping
connector Ig. The raw material supplying piping sypplies a raw, materjal used in the main processing
unit la, Sde gslléi‘%%nﬁ?@ﬂﬁm?%l&gﬁnﬁ‘%ﬁﬁ%ﬁ%ﬁsﬁn%qgﬁ&V@é‘éHfrBﬁPéﬂ%xt%a?mlfﬁgterial

supplying surcg. Jhe,Sxhaust pipa s sed far dischagiag enigsions fram ih ain oggssing uni

la. The trol signal line" connects with an ‘external ¢ control’unit, and the power line connects
with an gxigsnalpawersguise; whitdditienabythenpparatuslowerpatignda includes a guiding

portion Ic used for positioning the unit process apparatus 1 at the predetermined position when the unit
processappaatusrl iggmotee. [0840daterial supplying piping supplies a raw
material used in the main processing unit 1a,.such as cleaning
fluid, cleaning gas, and raw material gas from an external raw
material supplying source. The exhaust pipe is used for
discharging emissions from the main processing unit la. The
control signal line comnnects with an external central control
unit, and the power line comnects with an external powey source.
Additionally, the apparatus lower portion le includes a
guiding portion lc used for pogitioning the unit process
apparatus 1 at the predetermined position when the unii process
apparatus 1 is moved.
[0040]
The main processing units la each have the same outline
standardized to be a desktop size. The main processing unit la

includes a door portion (not shown) on the side surface on which

the wafer entry/exit front chamber 5, which is described later,
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The main processing units la each have the same outline standardized to be a desktop size. The main
processing unit la includes a door portion (not shown) on the side surface on which the wafer entry/exit
front chamber 5, which is described later, is disposed. Through the door portion, the wafer entry/exit

front chamber 5 and the main processing unit la are spatially connected, and the wafer can temporarily

pass. , Here, "desktop size" means a size which.can be conveyed comparatjvely easil Qly hand,
and it splés’ci |claﬁﬁ)/or%€éc§hs %ﬁr? %%‘ﬁ%%)ﬁhﬁe%o%%tgﬁgﬁéﬁgérﬁ e eﬁ%%g %Nheer?%rg ee:é%% ?1%5%4 a ength of

approxiragiglydP M aiNesle ma ACGOFAINGQ:HIS exprRPiasy gmbodiment 1the uniplocess ,

apparatus 1 has an approximately rectangular parallelepiped shape, which is standardized to have a
width anghdeptheof.aFproxtaatelymt-craand agwight of approximately 140 cm. The weight varies by
each of the unit process apparatuses 1, and is normally considered to be approximately 60 kilograms.
In the unit procéésrappdrdapkiothesirin precessing Bhlkda WasthedasKasp sievsi@approximately
rectangular parallelepiped shape, which is standardized to have a width and depth of approximately 30

cm and SHEGRESLASHOGREIY 7Ychttfe WEJht bf BRE Mt PRddes TG uRitdR is noimally

considered to be appr ximate@/ 30 kilo rams. f\ccordiagw only the mai%gr%essing unit la can be
ag;;?rox%ﬁn <) recrangula u}%&%ﬂfalée %:ﬁl = he one ﬁl A5 4 . .
separated from the unitprocess apparat and easily'tonveyed. Thus, the main processing unit la

can be qasily.seRaraigd and maved{o agegyired place in that manner, and then the functions as the
unit process apparatus | can be easily checked, repaired, and improved. [0041]

According to this exemplary embodiment, the unit process
apparatus 1 has an approximateiy rectangular parallelepiped shape,
which is standardized to have a width and depth of approximately
30 cm and a height of approximately 140 cm. The weight varies by
each of the unit process apparatuses 1, and is normally
considered to be approximately 60 kilograms. In the unit process
apparatus 1, the main processing unit la has the desktop size of
an approximately rectangular parallelepiped shape, which is
standardized to have a width and depth of approximately 30 cm and
a height of approximately 70 cm. The weight of the main
procesging unit la is normally considered to be approximately 30
kilograms.

Accordingly, only the main processing unit la can be
separated from the unit process apparatus 1 and easily conveyed.
Thus, the main processing unit la can be easily separated and
moved to a required place in that manner, and then the functions
ags the unit process apparatus 1 can be easily checked, repaired,
and improved.

[0041]
As described above, "single process" means one group of

processes, which can be put within the capacity of one desktop

24



As described above, "single process" means one group of processes, which can be put within the
capacity of one desktop size container. This will be specifically described with an example. An
actual wafer process of the semiconductor device mainly includes processes such as cleaning,
application, exposure, development, etching, deposition (for example, CVD, sputtering), impurity

control (:%gr %x%mgj:ea ljog irmplﬁtféioniﬂr%aedig én%tuleccg C%FS’ ngogselgfpgl.t%acr}lprocess incl_udes
more detaifed e?ementnprocesses. ForT examplé; a cleaning process of a silicon wafer is an inclusive
tesm fo@tgﬁgj_lg\{ving process group. (1) ultrapure water cleaning (rough cleaning), (2) SPM
(Sulfuric acid-Hydrogen Peroxide Mixture) cleaning (organic matter removal), (3) ultrapure water
cleaning (rinsingyn (4)NtHO 202 1120-65€ - Dicleaping«padicidatermaval),«B) miltted,/Hydrogen
fluoride cleaning (attached particulate removal by oxide removal), (6) HC1-H202-H20 (SC-2) cleaning
(metal atomliedesy a7 dilgedMybrayerrlgoideele simg (oxide vamvaDe E8)dirapure water

cleaning (rinsing), (9) IPA (Isopropyl Alcohol) vapor drying (water vapor removal). = According to the
exempl&y EmBaERTEnt, %Hﬁkﬂrﬂ?prd{%gg%&dﬁﬁtu%f%yeﬁ@ﬁﬁﬁ?thi%qu@ﬂ‘d@’befjaé%ﬁ?ing processes

of (1) to (00, a1ty Wil process apparaliags may e eonfiguied.sush ial.one,ynit process apparatus
performs the organic matter removal 0 a}a and 3) and the other unit process apparatus performs the

particulatgremavalanddhe metal ateremovakei(31eddks 1AM ARDICALeR RIAEasS,aphich is an
example of another process in the semiconductor process, is an inclusive term for (a) surface
treatment ébpresishrapplication, anol(cpiebake a cleaning process of a silicon
wafer is an inclusive term for the following process group.
(1) ultrapure water cleaning (rough cleaning), (2) SPM
(Sulfuric acid-Hydrogen Peroxide Mixture)} cleaning (organic
matter removal), (3) ultrapure water cleaning (rinsing), (4)
NH,0H-H,0,-H,0 {SC-1) cleaning (particulate removal), (5) diluted
Hydrogen fluoride cleaning (attached particulate removal by oxide
removal), (6) HCL-H;0,-H:O {SC-2) cleaning {metal atom removal),
(7) diluted Hydrogen fluoride cleaning (oxide removal), (8)
ultrapure water cleaning (rinsing), (9) IPA (Isopropyl Alcohol)
vapor drying {(water vapoxr removal).
According to the exemplary embodiment, one unit process
apparatus may perform this seguence of cleaning processes of (1)
to (9), or two unit process apparatuses may be configured such
that one unit process apparatus performs the organic matter
removal of (1) and (2), and the other unit process apparatus
performs the particulate removal and the metal atom removal of
(3) to (9).
An application process, which is an example of another
process in the semiconductor process, i1s an inclusive term for

(a) surface treatment, (b) resist application, and (c¢) prebake
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(resist hardening). In these processes, (a) is a hydrophilicity/hydrophobicity control process of the
wafer surface. Thus, the surface treatment (a) can be performed by the unit process apparatus which
performs (3) to (9) in the cleaning process described above. [0042] As described above, according
to the present invention, the unit process apparatus | basically brings together the element processes

which pqggr.g%s\%nﬁ%w%cl?ﬁgsn‘g ni%th_&q&s g;\ﬁ%&g&dﬁ%@ozﬁﬁgr%&?es in one unit process

apparatus 1. n thoug processing methods are very different from one another, one unit

processiapRaigils k ey hande syagonsecytivefroeessasiRsefaras itigteghnically advantageous
that those two consecutive processes are handled in the same apparatus. For example, it is
preferreghithéntie. |IPAvapor digingprimess {9 aftertite ringingsprobesp4d)inrthecahoveztdescribed
cleaning process be performed in one unit process apparatus after the process (8), when possible. It is
becauseéfedidBAPFRIIURPER TRE Waldhhal HPadIme éich &mPoniRe Wisfef 58/aE89N the atomic
scale. This causes aé)roblem that etching residue condenses as a watermark if it is left as it is. In

order toR3rRGEREHHIE BrobIBRT tRETPA vapor drying needs to be performed before the etching

proceed§0 g% 4}3] As described later, an object which is processed by this unit process apparatus |
is a semiconductor device in a minimized unit, which has a wafer size for manufacturing one

SenﬂcondUdDrﬁ%W§§§6¥Hﬂ@awéﬁ%%ElOéEEEPdiH§a€60%ﬂﬁ9ﬂ%@@éﬁ@“&ﬁ%@ﬁtiom, the
unit process apparatus 1 basically brings together the element
processes which perform similar processing methods, and handles
thoge processes in one unit process apparatus 1. Even though the
processing methods are very different from one ancother, one unit
process apparatus 1 may handle two consecutive processes insofaxr
asgs it is technically.advantageous that those two consecutive
processes are handled in the same apparatus.

For example, it is preferred that the IPA vapor drying
process (9) after the rinsing process (8) in the above-described
cleaning process be performed in one unit process apparatus aftef
the process (8), when possible. It is because residual moisture
on the wafer has an action to etch atoms on the wafer surface in
the atomic scaie. This causes a problem that etching residue
condenses as a watermark if it is left as it is. In order to
prevent this problem, the IPA vapor drying needs to be performed
before the etching proceeds.

[0043]

As described later, an object which is processed by this
unit process apparatus 1 is a semiconductor device in a minimized
unit, which has a wafer size for manufacturing one semiconductor

device from the wafer in 0.5 inch size according to an exemplary
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embodiment. One wafer is processed at a time. In other words, the process in the level similar to that
of the semiconductor processing apparatus in an experiment phase is performed. Accordingly, even a
research and development achievement in the experiment phase in a research laboratory can be
easily introduced as a processing unit in the unit process apparatus 1. [0044] The main

processing unit la is_of a sealed fype, which can shut off external air. Use of a local cleaning unit,
Do e o B o T RS (TS bane apparalus
1, allows performing.inside cleaning, Sincethedpnervelyme gkthemain Rrocessing dpit 1a is
extremely small, the local cleaning unit can function very efficiently. In other words, the present
inventiopallonssany thepasideof the wM prosessmpparpiusskta begeeleannegm. This is inherently
different from the conventional system for placing the entire manufacturing line in the clean room.
Accordidg tot pegsenténeention; e amitpracd sseipphratnsiit nacts ¢ geavdc uumized depending
on the content of the process. Since the inner volume of the main processin_glunit la is extremely small,
the mairF PRECESETRT URRASE € aih™al 8o FeSFRc R iRRT&H ) Bficietly JB038F 1 1Y Next, a description will

be given of a semicgnductor manufacturing apparatus,and a method for manufacturing the
semiconguctor using the unitpprocess ap%ara us 1 Asﬂrﬁsltlra%ed M RIGSE, ﬁt%pguﬁlng portion Ic of

each  [ppa4]

The main précessing unit la is of a sealed type, which can
shut cff external air. Use of a local cleaning unit, which is
included in the apparatus lower portion le or ig disposed outside
of the unit process apparatus 1, allows performing inside
cleaning. Since the inner volume of the main processing unit la
is extremely small, the local cleaning unit can function very
efficiently.

In other words, the present invention allows only the
inside of the unit process apparatus 1 to be a clean room. This
is inherently different from the conventional system for placing
the entire manufacturing line in the clean room.

According to the present invention, the unit process
apparatus 1 needs to be vacuumized depending on the content of
the process. Since the inner volume of the main processing unit
la is extremely small, the main processing unit la can also be
vacuumized very efficiently.

[0045]

Next, a description will be given of a semiconductor
manufacturing apparatus and a method for manufacturing the
semiconductor using the unit process apparatus 1.

Ag illustrated in FIG. 1, the guiding portion lc of each
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unit process apparatus 1 is placed on a guideway 2 formed in a rail-shape to form the manufacturing
line. Accordingly, each unit process apparatus 1 is positioned on the same semiconductor
manufacturing line which is preliminarily configured on the floor. In a normal state, each unit process
apparatus 1 is arranged in the guideway 2 in the order of a recipe in the flow shop system. In an
exemplat{x 3{anhrranr(%ecregggt of thergrgit process a&par@aéusé%s lin Fi . %athezu%it process a paratuses | are
regularly arran%e at pre%%?&mln%d mtéLrva?sﬁ-fowever,%hgﬁm epro?,[ess acﬁpa?a us8s may be

closely aizandedihals intspyalene e eularyriacsof aslupiRIosess aRATAEL @ recipe
|

ID is recorded to identify what type of a single process (process corresponding to the recipe) in the
processggpesiosmasbhy theisnit process apparaitisdn RAK dade kequresall2)xisremployed to record
the recipe ID to make it possible to easily write and read the information in a non-contact state in
accordangaufigr awhiamyeléfthewhitipe for therahitprosessiappanaiigtrdhetikeh0ABPor . In
parallel to the guideway 2, conveyance means 4 is disposed to convey a sealed conveyance container

3 for stoFRghBYRfer. BERHTe cBRAGEYAHEEMRERRSE ThaRecRdmEmisdch a8%hERSyF& mechanism

and a mechanical mechanism. which sorcingrily emplavedfor fhe semiconductor. anufacturing
apparatus, m ylbe en?faloyeéi. The conveyance means 4 1s configlired {0 cgnvé/y e Sealed

conveyapgeepRiaine:3 petween the water eptryiexit front chaghers S hicharedisposed for each
unit process apparatus 1
FIG. 1, the unit process apparatuses 1 are regularly arranged at
predetermined intervals. However, the unit process apparatuses 1
may be closely arranged without intervals.

On the outer surface of each unit process apparatus 1, a
recipe ID is recorded to identify what type of a singlerprocess
{process corresponding to the recipe) in the process is performed
by the unit process apparatus 1. RFID (radio fregency ID) is
employed to record the recipe ID to make it possible to easily
write and read the information in a non-contact state in
accordance with a change of the recipe for the unit process
apparatus 1 or the like.

[0046]

In parallel to the guideway 2, conveyance means 4 ig
disposed to convey a sealed conveyance container 3 for storing
the wafer. For the conveyance means 4, the mechanism such as a
belt-type mechanism and a mechanical mechanism, which ig
ordinarily employed for the semiconductor manufacturing apparatus,
may be emploved.

The conveyance means 4 i1is configured to convey the sealed
conveyance container 3 between the wafer entry/exit front

chambers 5, which are disposed for each unit process apparatus 1
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and described later. [0047] As illustrated in FIG. 3, the sealed conveyance container 3 is
configured to store one sheet of the wafer which has a diameter of 0.5 inch and to be sealed. The
sealed conveyance container 3 includes an upper storing portion 3a and a lid portion 3b. One sheet of
the wafer is placed on the depressed center portion of the upper storing portion 3a, and the lid portion
3bis posiéign dsanrd %teQ{e_dLaiLrgtorthe upper storing portion 3a from the lower side. This configuration
makes the water 16 be separa?ed from the external air. Reference numeral 3c denotes a protrusion for
positionipg,the;sealed conveyance container 3 on a docking port 5a of the wafer entry front chamber 5,
which is described later. The sealed conveyance container 3 has an RFID in which the recipe 1D
required for the nafen precesstsdvritterFatongwithlibe gratessingordenatthectacips Based on the
recipe ID thus written, the conveyance means 4 is controlled to select the unit process apparatus 1
which has tiieaésgegsdcipe ELTwe sagledhwsiveyincbeomdiner B dantigared to be automatically
moved to the selected unit process apparatus 1. The wafer which is used in this system has a

diameteP oM e Gt Sné LeMmiedfid f@oP8ebR@N5Hich has an area of 1 cm2 (square centimeter)

can be manufactyred from_this wafer. That is, this syste is.chalragterized by the use of the wafer in
o conve&fance cQon a.l)élﬁr A C

the wafer size in w%ic%e%e semiconductor device In the minimize lJensit %nma B?arctﬁre%réﬁg the
adoption,gf-the,pragessipg methgdyhich progessesesshest hyrone,shegkaltheswaiedésing the

single wafer processing.
on the depressed center porticn of the upper storing porticn 3a,
and the 1lid portion 3b is positioned and stored into the upper
storing portion 3a from the lower side. This configuration makes
the wafer to be separated from the extermal air. Reference
numeral 3¢ denotes a protrusion for positioning the sealed
conveyance container 3 on a docking port Sa of the wafer entry
front chamber 5, which is described later.

The gealed conveyance container 2 hag an RFID in which the
recipe ID required for the wafer process is written along with
the processing order of the recipe. Based on the recipe ID thus
written, the conveyance means 4 is controlled to select the unit
process apparatus 1 which has the desired recipe ID. The sealed
convayance'container 3 is configured to be automatically moved to
the selected unit process apparatus 1.

The wafer which is used in thig gsystem has a diameter of
0.5 inch, and one semiconductor device which has an area of 1 om®
(square centimeter) can be manufactured from this wafer. That ig,
this gystem ig characterired by the use of the wafer in the wafer
size in which the semiconductor device in the minimized unit is
manufactured and the adoption of the processing method which

processes one sheet by one sheet of the wafer using the single
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[0048] The wafer entry/exit front chamber 5, which passes the single sheet of the wafer between
the unit process apparatus 1 and the sealed conveyance container 3, is connected to each unit
process apparatus 1. The wafer entry/exit front chamber 5 has the standardized outline and the
identical configuration. The wafer entry/exit front chambers 5 are disposed at the predetermined
position witIhegfes reg(t: é% any unit process apparatuses 1, and are configured to function in the same
manner. Thus, connectlngqportion (not shown) for connecting to and holding the wafer entry/exit front
chamber[édggjsposed at a predetermined position of each unit process apparatus 1. The wafer
entry/exit front chamber 5 has a function similar to the load-lock chamber and the unload-lock chamber

which are disposes invtR:presessing:ehampester hieseaemionahsemigendisstormanufacturing
apparatus. As illustrated in FIG. 2, a docking port 5a for connecting to the sealed conveyance
containe¥i31isidispbsed onthehwafermrrypexiviront chambet 5. pdditiesallppeceriveyahce view
window may be disposed on the side face. The wafer entry/exit front chamber 5 includes carry-in
means &P cE§-ARMEINS FREIGEETRE CEAYERIMEENS bringsSCOWKIEL6G GAhecsdaI¥d tbnveyance
container 3 Blacedaon tq:e gockifg port 5a, and carries the wafer into the main processing unit la, which
shuts off éxternal af - 1he cgrsry-o'ut means carries out the wafer processed in the main processing unit

la, and stores it&*ﬂé“%éf@ie%ﬁ%\ﬁmc@ goryainen3 again. 4 he,poWAL fardhsse Garysin means and

carry-out means is provided from the corresponding unit process apparatus 1. [0049]
outline and the identical configuration. The wafer entry/exit

front chambers 5 are disposed at the predetermined position with
respect to any unit process apparatuses 1, and are configured to
function in the same mamner. Thus, a comnecting portion (not
shown:) for connecting to and holding the wafer entry/exit front
chamber 5 i1s disposed at a predetermined position of each unit
process apparatus 1.

The wafer entry/exit front chamber 5 has a function similar
to the locad-lock chamber and the unload-lock chamber which are
disposed in the processing chamber for the conventional
semiconductor manufacturing apparatus. As illustrated in FIG. 2,
a docking port 5a for connecting to the sealed conveyance
container 3 is disposed on the wafer entry/exit front chamber 5.
Additionally, a conveyance view window may be disposed on the
side face.

The wafer entry/exit front chamber 5 includes carry-in
means and carry-out means inside. The carry-in means brings a
wafer out of the sealed conveyance container 3 placed on the
docking port 5a, and carries the wafer into the main processing
unit la, which shuts off external air. The carry-out means

carries out the wafer processed in the main processing unit la,
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On the floor where a manufacturing line is installed, posts 6 are arranged at predetermined intervals
along the manufacturing line. The post 6 is used to supply control signals, electric power, raw
materials or the like to the unit process apparatus 1, and to discharge cleaning gas, cleaning water, or
the like from the unit process apparatus 1. The post 6 is configured to connect to the piping connector

9 of the upit process apparglus,L (iouah a ieecplagle quilel, The comneclign fjrough, lne receptace
outlet facilitates the supply of the raw materials, eléctric power, control signals, or thé'like even if the

unit progess-apRaIAtusesLarerearranged JA950LEurhemere s disated i%E&@ié@@bOVe the
semiconductor manufacturing line thus configured, a layout apparatus 7 for rearranging the unit
process apparatus bisrdisppsading Jbhis laymtappasatisraineiudes a guide rail 7a, which is
disposed in parallel to the guideway 2, and a unit process apparatus transfer portion 7b, which is hung
down frorA@A&Jguide rail 7a and moves. This layout apparatus 7 includes a reading mechanism for
the recipe ID of each u'ni'éﬁrocess apparatus 1. The layout apparatus 7 is configured to select the unit

process apparafd® Thidh A8 tHEPrEdBtdI G TEdipe D pohdifs (6 tE ForitRi Siynal from
the Centgala@@tlé%zl‘lgggggdég gng!&peg%gé@&sﬁ%&thfn%%%@%gs”@ BE%C%%%ea%Paax{%%‘asc%&%” the unit
process apparatus tra sfer portion SO as to rearrange the select d unit process apparatus 1 at the
predetermined pPesitiopolA03]is used to supply control signals, electric
power, raw materials or the like to the unit process apparatus 1,
and to discharge cleaning gas, cleaning water, or the like from
the unit process apparatus 1. The post 6 is configured to comnect
to the piping connector 1g of the unit process apparatus 1
through a receptacle outlet. The connection through the
receptacle outlet facilitategs the supply of the raw materials,
electric power, control gignals, or the like even if the unit
process apparatuses 1 are rearranged.
[0050]
Furthermore, as lllustrated in FIG. 1, above the
semiconductor manufacturing line thus configured, a layout
apparatus 7 for rearranging the unit process apparatus 1 is
disposed.
This layout apparatus 7 includes a guide rail 7a, which is
disposed in paraliel to the guideway 2, and a unit process
apparatus transfer portion 7b, which is hung down from the guide
rail 7a and moves.
This layout apparatus 7 includes a reading mechanism for
the recipe ID of each unit process apparatus 1. The layout
apparatus 7 is configured to select the unit process apparatus 1

which has the predetermined recipe ID corresponding to the
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The layout apparatus 7 is appropriate to promptly change the layout of many unit process apparatuses
1. However, it needs the facility cost for the layout apparatus. In the case where it is allowed to take
time to change the layout, the unit process apparatus | may be conveyed by hand to eliminate the
facility cost for the layout apparatus. For the conveyance by hand, the caster, which is disposed at the

guiding portjon Ic on the ?o om portion of the unit process apparatus_ 1 as described above, is utilized.
00521 Oy T ekt S sy S Ao o1 ALk prE chinit e Sahiconductor

manufagtgngdine ageording.to-this gxemplan-embodipent rus AS desgrbed abgyee since the
present invention is characterized by the single wafer processing of one-wafer-forone-device, an area

of the waterds yeryspath filnwst the: staskless-sysienvidiect dthagrapby frethed terbe wafer), which
takes time for the lithography, can be optimally applicable. The cleaning process and the inspection
processtEbE Sl bsrtiaiyaedasedpaaddHer ddvdnthles paadss tkeinatdorgihghowhen
manufacturing metal 8 layer semiconductors as a prerequisite, 600 processes perfoimed in a
conventigti egafab can be shortened to approximately 400 processes. Thus, the number of the unit

process apparatuses may be in accordance with the number. of the processes, Accordingly,
Bcordng 10 e B B A e o R AT o

equippegias aLleR reRMydRD W ProsessaRPaglsescl 86 airanged,in,ap order ghiigprocess in
the flow shop system. [0053] ' ‘

the facility cost for the layout apparatus. In the case where it

is allowed to take time to change the layout, the unit process

apparatus 1 may be conveyed by hand to eliminate the facility

cost for the layout apparatus. For the conveyance by hand, the

caster, which is disposed at the guiding portion lc on the bottom

portion of the unit process apparatus 1 as described above, is

utilized.

[0052]

FIG. 4 illustrates an exemplary arrangement for mass
production of the semiconducter manufacturing line accoxding to

- this exemplary embodiment.

As desgcribed above, since the present invention is
characterized by the single wafer processing of one-wafer-for-
one-device, an area of the wafer is very small. Thus, the
maskless system (direct lithography method to the wafer), which
takes time for the lithography, can be optimally applicable. The
cleaning process and the inspection process can be substantially
reduced, and other advantages can be taken. Accordingly, when
manufacturing metal 8 layer semiconductors as a prerequisite, 600
processes performed in a conventional megafab can be ghortened to

approximately 400 procesges. Thus, the number of the unit process
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The central control unit is disposed to control the entire manufacturing line. The central control unit
writes the recipe ID into the RFID of the sealed conveyance container 3, controls the conveyance
means 4 and the layout apparatus 7, controls the recipe in each unit process apparatus 1, and
perfoirns other tasks based on the number of the unit of manufacturing or their recipe. [0054] In

the exemplary ariangemen! (v shop lavout J0.FIG, 4, 43 shown, g Minimal fa 131 EIG, 7
compar&dwith a megatabiof the Conventional type, the wafer size 18 0.5 1ch, thefnumiber of wafers in

progress which gtay,insthe-gystemds 408 thequnbeLol 3 do-beused,inzero, and the floor space

is 360 square meters (18 m x 20 m). The amount of the facility investment is only approximately 600
million yemi tesssmisgihe eachrunitpreckisagparatusitiself casisane mition yentodbeaimillion yen).
In this case, the production capacity is approximately 500 thousand pieces per year when converted to
the chipasf BcmizarhecoperatibhOraie bt (e wFesisip%ranuThe réseurcutigion dificiency is
0.2%. Accordingly, in order to have the production capacity comparable to the number of
productioh iﬂﬁﬂ@%@ﬁé%p@??@&?%ﬁféh RSk BXintAadR €46 Wilion pieces, 280 (= 140 million/0.5
million) Irkta%%githe manufacturing lines in this exemplary arrangement need to be prepared. However,
considering the actual operation rate of the megafab, approximately 1/10 of that seems to be sufficient

in practice. In theease At thel Muliilowishen with2& ines,Jag amouphekine faclitgipvesiment is

approximately 17 billion yen (28 lines x 600 million yen) as a result of simple calculation. This is less
than 10%=eafithecinvestment amourttief thermegafatonihiel is:300 bilkanyenthe rBad paeitmice of the
0.5 inch wafer is very low and the number of the wafer in progress, which is 400, is also extremely
small. ThusotHereoREGithe imakeists il prbgress sy ergentirtaiaieand neghgibhe tenipaged with the
megafab. Furthermore, comparing the energy efficiency required for manufacturing one device

with the SRBYSHA the AT énétg§ 6P eran S o RE 3o xima iy aFed ShEnergy efficiency of

\t/*v‘:fg:‘g fé%‘ié%%srggg géiésgsa%%a%epfp%@é‘é%'y&g;%%% A3 fesult of the,logal progess o theminimal
based on the number of the unit of manufacturing or their recipe.
[0054]

In the exemplary arrangement (flow shop layout) in FIG. 4,
as shown as "Minimal fab 1" in FIG. 7 compared with a megafab of
the conventional tvpe, the wafer size is 0.5 inch, the number of
wafers in progress which stay in the system is 400, the number of
masks to be used is zero, and the floor space is 360 square
meters (18 m x 20 m}. The amount of the facility investment is
only approximately 600 million yen (assuming the each unit
procegs apparatus itself costs cone million yven to five million
yen) .

In this case, the production capacity is approximately 500
thousand pieces per year when converted to the chip of 1 cm®. The
operation rate of the wafer is 40%, and the resource utilization
efficiency is 0.2%.

Accordingly, in order to have the production capacity

comparable to the number of producticn in the megafab per vyear,
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other advantages can be taken. Accordingly, the present invention can improve the energy efficiency
for the entire plant to be approximately 14/100 compared with the megafab. [0055] In the
exemplary embodiment described above, the number of the processes is 400. The number of the
processes can be further reduced. That is, according to the present invention, even if

microfabrication.accuracy, which is not most-agvanced. at this time, is employed j the;)e?esi nrule, the
cystom 8411 b3 the GRS WHERIS oY infefioR o TS Phab e Anced Gni-at A THi4 baFelimate the

need for the currantGMP, (GhemigalMechanical Palishing) pragessy i the, CMR prgcess, a large

amount of particulates is generated by polishing. When the CMP process Is omitted, the particulates

are not gencrateshéhthe 6P prosesHrdpis clpaningapparAtueesand HsRetion eauwipments can be
substantially omitted. In a conventional megafab system (including approximately 600 processes), the

cleaningeapparatosesand indpadtiormegeifaientsprearsoainedfolof the protbsses ks proportion of
these equipments can be reduced to be approximately 5% of the processes. This can omit 150 (= 600

x 0.25) procE8sE&E Licilie WIRF BFICER,; théTprobBsS§es felgle dridrhBue iFE pR¥t &2 Ban also be

omitted. The wiring process makes up approximately 2/3 of all processes. Approximately 30% of the
wiring p%lc%?ésélé r%l%fléa& to%h%ﬁﬁ]ﬁlgr%%cg)sg?‘ﬁ%se%%% EéL ?éfdd%evc? F’otglgré%pjrgximately 5% by omitting

the CMP process even thaugh newsprocesses sgedito e added. Acqardinaly, 190z 600 x 2/3 x 0.25)

processes can be omitted. In the wifing process, the processes related to the CMP process can
also be emittad. bhe yifipgPregessmakesip apprexinaatedsd/3-okall processesndpproximately 30%

of the wiring process is related to the CMP process. This can be reduced to be approximately 5% by
omittingthe<EMPepocesswevercthoulgh megpfesessésineed o betadded, Aecardimgly, 100 (= 600 x
2/3 x 0.25) processes can be omitted.
The unit price of the 0.5 inch wafer is very low and the
number of the wafer in progress, which is 400, is also extremely
small. Thus, the cost of the materials in progress is extremely
small and negligible compared with the megafab.
Furthermore, comparing the energy efficiency required for
manufacturing one device with the megafab, the power energy for
the clean rcom is approximately 1/10, the energy efficiency of
the unit process apparatus is approximately 17/100 as a result of
the local process to the minimal wafer or other processes, and
other advantages can be taken. Accordingly, the present invention
can improve the energy efficiency for the entire plant to be
approximately 14/100 compared with the megafab.
[0055]
In the exemplary embodiment described above, the number of
the processes is 400. The number of the processes can be further
reduced.
That is, according to the present invention, even if

microfabrication accuracy, which is not most-advanced at this

time, is employed in the design rule, the system can be the one
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Furthemore, a plasma etching process or an IPA drying process for removing dirt attached during
conveyance conventionally makes up approximately 5% of all processes. However, with the present
invention, these processes are not necessary because dirt is hardly attached during conveyance.
Accordingly, 30 (= 600 x 0.05) processes can be omitted. As a result of the omission of these
processe;1 numbeE of g}gocesses can be redu ed é% gggg%ig"@e' 32‘5&@: -150-100- 30)
processeslf: is Can feduce the number of the' un PrOCESS appara u cor &I?/ ¥ amount of

the facility inyesipent can,alse begeduced (09561 cuFo {E??&Hl%'é(ﬂ%%@‘?é(ﬁﬂ&%&e of the feature of

the single wafer processing of one-wafer-for-one-device" according to the present invention, a

litho-lesgsystem isrmarecefientive. Thhe lithoclesssystemds assysieaavheruthe ihograph process is
further omitted from the maskless system described above. By employing this litho-less system,
the number bi procdssesicaybedurthefréduaelic?2 rocedbes, ahiluSiatapkimcasell shop system

in FIG. 8, from 320 grocesses described _
omitted, the particulates are not generated in the CMP process.

Thus, cleaning apparatuses and ingpection equipments can be
substantially omitted. In a conventional megafab system
{including approximately 600 processes), the cleaning apparatuses
and inspection e@uipments are used in 30% of the processes. The
proportion of these equipments can.be reduced to be approximately
% of the processes. This can omit 150 (= 600 x 0.25) processes.

In the wiring process, the processes related to the CMpP
process can also be omitted. The wiring process makes up
approximately 2/3 of all processes. Approximately 30% of the
wiring process ig related to the CMP process. This can be reduced
to be approximately 5% by omitting the CMP process even though
new processes need to be added. Accordingly, 100 (= 600 x 2/3 x
0.25) processes can be omitted.

In the wiring process, the processes related to the CMP
process can also be omitted. The wiring process makes up
approximately 2/3 of all processes. Approximately 30% of the
wiring process is related to the CMP process. This can be reduced
to be approximately 5% by omitting the CMP process even though
new processes need to be added. Accordingly, 100 (= 600 x 2/3 x
0.25) processes can be omitted.

Furthexrmore, a plasma etching process or an IPA drying
process for removing dirt attached during conveyance

conventionally makes up approximately 5% of all processes.
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above. Thus, the number of the unit process apparatuses can be 22, and the amount of the facility
investment can be further reduced to 50 million yen, as shown as "Minimal fab 4" in FIG. 7. [0057]

As described above, the semiconductor manufacturing apparatus and the semiconductor
manufacturing method according to the present invention are based on a technological thought which

is differeé'nt from the conven ional "me %fab" an% establisg a semiconductor manufa%turing apparatus
OWEV%I‘ W1l & 8}:‘88@ J_Ia’ve hon jol ESdE HIOC@SSF? Iare 10 .
and a semiconduttor manufacttiring method which aré based on a complétely new concept. This can

be called cthegpininaldab;, o [00p8l: ; ABSHAEE Nt semieRPCIgrs e MAnyiagtured in the

above-described exemplary arrangement as the flow shop system, and the number of the unit of
manufagiuepgdauember of orders)ds several piegasta-severatianef piegesed. In this case, the
number of the unit process apparatuses is more than the number of the unit of manufacturing. This
causes very fewAwatersésprograsst isatds imahgrurdtpiovese apperatses which isywordy operation.
Rather, the processing efficiency of the entire manufacturin%Iine is reduced. In view of this, it is

advanta§EoBE S FEFEEe HE NEMBSBIIRE Ut proicesE Hpbaraisdein (e £386 BT &SUtA% unit of
mj;‘r’;?é%ﬂmnlgiéé%‘é%gése Ihis preferred (o manyfacture the deyiceg Ong 0y ope dn a.gell shop as
apparatuses. Accordingly, the amount of the facility investment
can also be reduced.
[0056]

To maximally take advantage of the feature of "the single
wafer processing of one-wafer-for-one-device" according to the
pregent invention, a ilitho-less gystem is more effective. The
litho-less system is a system where the lithograph process is
further omitted from the maskless system described above.

By employing this litho-less system, the number of
processes can be further reduced to 22 processes, as illustrated
in a cell shop system in FIG. 8, from 320 processes described
above. Thus, the number of the unit process apparatuses can be 22,
and the amount of the facility invegtment can be further reduced
to 50 million yen, as shown as "Minimal fab 4" in FIG. 7.

[0057]

Lg described above, the semiconductor manufacturing
apparatus and the semiconductor manufacturing method according to
the present invention are based on a ﬁechnolcgical thought which
is different from the conventional "megafab", and establish a
semiconductor manufacturing apparatus and a semiconductor
manufacturing method which are based on a completely new concept.

This can be called "the minimal fab".
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[0059] A problem is caused in the case where the number of orders is drastically reduced due to
an economic downturn or other reason in a large plant where a large number of unit process
apparatuses are introduced. From a viewpoint of the operation rate of the facility, it is disadvantageous
to scrap apparatuses or leave apparatuses unused. In such a time of economic downturn, new
product%g%\éi(fes) should noLually be developed, prototyped, and sold in a small amount toward the
next economic upturn phase. Since it is not predictable what becomes a big seller, making many

prototypes or selling;ifka small amernt vl beatternpiednHreosdingedt g Prefriregir-prepare many

fabs in a small unit, which is suited to prototyping. The present invention realizes it by the
multicelbshkep sysi@neitefil3 a6y T hisrantieedshopsnclud eSlalargacpimber ef(maltigle)teell shops
described above, and the number of product types which can be manufactured is equal to the number
of cells. e tasé vifhereltheth aRberoR BRSS! tase s\ makse safalboifyrthe A6cEss@yaell shops
have to be operated. This is far efficient than operating the entire flow shop including the conveyance

mgans.Plec‘ﬁﬂst?ﬁuIﬁ@é’ﬁ’éﬁ&)p%%&’%ﬁ%@sdifferent from the conventional cell method in the
point that the la nUt#mn'd the mamg Cetuﬂﬂﬁb@%t@ﬂ%%%b f!&)(l%l O%nﬁ(jsgxgﬁgg%g%%@scr%nged

between the multice §hsopcéaﬁgihe ow shop described above. 0060 xt, assume that the small
amount,pf productyhich hagbeen manwfactined i themiticelt shopds acpeptedtin.adaarket, and

then many orders are received. That is, assume that the number of the unit of manufacturing (number

of orderskisyaipwximdtetys seve et dyinelsads. tthahisicasendihg numvikrepafthesnit process apparatuses
1 is nearly equal to the number of the semiconductor devices to be manufactured. In this case, the

multicel PSiRes Riyoseeanibectxtentedf eaBilPERAAGEETo thBadsy celFBRoPTAFRHRIATIG. 5. In this

class shog layout, many types of products can be simultanepusly manufactured.
efficiency <f "the entire manufacturing line is reduced.

In'view of thig, it ig advantageous to reduce the number,of
the'unit process apparaﬁﬁses iﬁ thé case of such a unit of
manufacturing. In this case, it is preferred to manufacture the
devices one by cone in a cell shop as illustrated in FIG. 8.
{0059]

A problem is caused in the case where the number of orders
i1s drastically reduced due to an economic downturn or other
reason in a large plant where a large number of unit process
apparatuses are introduced. From a viewpoint of the operation
rate of the facility, it is disadvantageous to scrap apparatuses
or leave apparatuses unused.

In such a time of economic downturn, new products (devices)
should normally be developed, prototyped, and sold in a small
amount toward the next economic upturn phase. S8ince it is not
predictable what becomes a big seller, making many prototypes or
selling in a small amount will be attempted. Accordingly, it is
preferred to prepare many fabs in a small unit, which is suited

te prototyping.
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In this case, the unit process apparatus group is roughly divided into, for example, four groups, from
the upper process (starting side) toward the lower process (ending side) of the manufacturing
processes. The first process group is a transistor gate process (class 1 bay), and a transistor
source/drain process (class 2 bay) follows. Then a local wiring process (class 3 bay) follows, and a

global wiring progess (lglass %b%\ins Iastlx arran

= n 13 asty arrar gi%de' In the case,of qng)_lLs%teQ % | device, each process
includes apprommate?y ?[88 processes, and in eac cFasstba)y approxima ej1ye.L unl?Brocess

apparatdses afe ay apged. N thQ’lﬁ%gmﬂ\%@é‘l@%{%@gi@éi‘@d@@c&d%%é@ maRKiactying, once a
class process is finished and the wafer to be processed is conveyed to the next class, the wafer can
no longermeltipitethedareviatiscglasdethat ise thewafer, issaafvelyedriontlass dfclass@actass 3, and
class 4 in this order. This class shop layout is a new production method for a semiconductor
device. AYH®S majorchivision heyalaipiecsssss] ilcarrfiiasechadtive flomxsHoR DR ee dther hand,
inside the class, the wafer comes and goes between various apparatuses. Thus, it cannot be seen as

the flow ShopPh&aEDrEaEEs HaS, TS shdp B WhicHPE aRfes e TRt Proc88d ¥pparatuses
by type, may beec%mé)éo edc.el lsnhtcg'esc%séev \évh e ewaferri%1 Eggveyﬁgi@/ gan%, t{_]is job'shop layout
has an advan age? af the unit process apparatuses which are available ancfno?manufacturing can be

easily idepgified an-the-spotopecause dhe manufactuing appariatyses.of the: sgmertype are arranged

closely together. That is, the traffic line of people can be minimized. In the case where a wafer is
conveyesbhyayachinemespecially in the case where the next unit process apparatus is detelmined

using information from the RFID, a method to intentionally arrange the unit process apparatuses for
different types ofpiscasslinigedinparaivaly rawddanaiaimely different from the

conventional cell method in the point that the layout and the
manufacturing method can be flexibly and extremely easily changed
between the multicell shop and the flow shbp described above.
[0060]

Next, assume that the small amount of product which has
been manufactured in the multicell shop is.acceﬁted in a market,
and then many orders are received. That is, assume that the
number of the unit of manufacturing (number of orders) is
approximately several hundreds. In this case, the number of the .
unit process apparatuses 1 is nearly equal to the number of the
semiconductor devices to be manufactured.

In this case, the multicell shop layout can be extremely
easily changed to the class cell shop layout in FIG. 5. In this
class shop layout, many types of products can be simultaneously
manufactured.

In thig case, the unit process apparatus group ig roughly
divided into, for example, four groups, from the upper process
(starting side) toward the lower process (ending side) of the

manufacturing processes. The first process group is a transistor
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may be employed. This minimizes the physical conveyance distance of a wafer and shortens the
turnaround time. [0061] As described above, the present invention assumes that a plant includes
400 unit process apparatuses and has a size of, for example, 20 m x 18 m as illustrated in FIG. 4, FIG.
5, and FIG. 6. Completely without changing the number of apparatuses, the three layouts of the flow

hop f jon, the_class shop for midd i he multicell shop f
§m°£| gr%{%l?gtsﬁprr(r) GQQSEO%':{]&%%&; eS %@P oLy 9et%@%’%BB@“&&@ch?QxI??nmet%%egs op for

uction can xibly changed depending on the number of ord products.

Such flexiilityhas patheen aebigved byanyconventiona megafabsclids mainly-achigyed with the

minimized unit of wafers, the small unit process apparatus groups which are standardized for the -
wafers, Yalidus:sirustides whichadllom thengnitproeass dpparstus tiohe)canveyasta,yand the factory
system which allows the layout of apparatuses according to the present invention. [0062] There
are two htERTesdetdiniflesa ehBRgebflayoiRttisaiwe®h Beiove shepdnhdoirRcsiass shop. One
criterion for the determination is the case where the number of the unit of manufacturing has been

decreasﬁ’iﬁ:fd’lgg%e?é?ﬁfgﬁfﬁaaﬁet%’ rﬁﬂﬂb@F8?BF&%§Se§WtH@f!8®C§h€&ﬁFﬁ1é®ﬁﬁmber of the unit of
eSO A A0 e T e P e it s
processipg tmedor pheowaiRicaltan i firstwalepisiqducedde the dak snilithe,fnalpregess for
a clasg process is finished and the wafer to be processed is
conveyed to the next class, the wafer can no longer return to the
previous class. That is, the wafer is conveyed to class 1, class
2, class 3, and class 4 in this order.
This class shop layout is a new production method for a
gemiconductor device. At the major division level cf processeg,
it can be seen as the flow shop. On the other hand, ineide the
class, the wafer comes and goes between various apparatuses. Thus,
it cannot be seen as the flow shop. Inside one class bay, the job
shop layout, which arranges the unit process apparatuses by type,
may be employed.
In the case where a wafer is conveyed by hand, thie job
shop layout has an advantage that the unit process apparatuses
which are available and not manufacturing can be easily
identified on the spot, because the manufacturing apparatuses of
the same type are arranged closely together. That is, the traffic
line of people can be minimized. In the case where a wafer is
conveyed by machine, especially in the case where the next unit
process apparatus is determined using information from the RFID,
a method to intentionally arrange the unit process apparatuses

for different types of process in a comparatively random manner
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the last wafer is completed. That is, when the number of the unit of manufacturing is equal to the
number of the unit process apparatuses, the operation rate of the apparatuses is reduced to 50% on
average. After the last wafer is finished, the layout of the apparatuses is changed in the order of a
process recipe for a new product type to prepare to manufacture the next different product type. When
the operI%io rgte of Rhe ggpar%wfgsmbiec&rgesé ISe %téwa%SO%bt e Brod‘yctivri{x of éhe tplant suffers the
serious ne&;’a ive 8ffectin such a case, the'efase s op %y%ﬁtl |saadvaonr%a§é/8us Wherg rﬁ“g‘ﬁ? types of
products,gan he. sinultapequsly-manufagiured. More specifically, when the number of the unit of
manufacturing is less than the number of the unit process apparatuses even if only slightly, the unit
process gpparatus cannot be in full operation (100% operation) at any given moment during
manufacturing. This is very disadvantageous to operate the plant. Accordingly, the number of the unit
of manufacturingsvidields heady aopradto tenprdseof thoveitisroness sppasattlses is.the lower limit
value for the flow shop. The other criterion for the determination is the case where two or more

product B8 afdiSitvGiEsn dSUS IV Hdn REERRES. RPIPRLBEYSSEISRthdRhId 1§ sifhuRtlneously flow

two product types in the grder of the process recipe in the flow in pringiple. Hqwever, in
some c%%‘r's, %P%éa rﬁ}?%géssgrge&lpés 2? tWo %?o&é?ﬁ%%gg %f?id e&ﬁeme(% sf*rﬁilgr% f%’easdh Btiter. This is a

commorygase  an-agupl LS progessrolerpioaesies. Ranmamele. e cassubiere the

content of only one process in 400 processes is different, two unit process apparatuses for the two
differentcpeoegsses mayde: sosiinuaies|y asangesh |1F drisrieangermenic oibntheckeguinegsenit process
apparatus may be selected while the unit process apparatus that is not selected may be skipped. In
this casehibie gmber &flise amityprbcesedpparatisesintrebse sy oreetblbedon . fivthe case of this
example, two_product types can be manufactured._in flow shog layout. Accordingly, the flow shop can

manufaclife- m BRI R REBPesBY e REinG R MinbE BUMEBRItEYasaraifs and

insertinqlww%?%g}p%r tu}s:ig\ér}}%h (i)sfno&%%%cclj{or all product types to add a little redundancy. [0063]
Next, the criterfion to eterming a ghange o?rayout between the class shop layout and the multicell

shop layout is degeiibed 1 1 1 Ne1Glass shop SYSIRIN i3 adyaniagesysinihe casewhere there are
multiple product types of products which are manufactured in approximately the same type of process.
Accordinglyatfetiie.case of prateiyfing ananataciutngia commpletelymmneredevice; ranwactirng
multiple types of devices which differ substantially in the number of processes, or manufacturing
multiple Predawetypessimuitanesaslyapratificst S5 employ e blagsspiprlgaut idwtithe multicell

shop is effective. . , ,
for the wafers, wvarious structures which allow the unit process

apparatus to be conveyable, and the factory system which allows
the layout of apparatuges according to the present invention.
[0062]

There are two criteria to determine a change of layocut
between the flow shop and the class shop.

One criterion for the determination is the case where the
number of the unit of manufacturing has been decreasing to be
nearly equal to the number of processes in the flow shop. If the
number of the unit of manufacturing is nearly equal to the number
of processes, the unit process apparatus which has finished the
process for the last wafer enters into a resting state. It takes
twice as long as the processing time for one wafer, after the

first wafer is introduced to the fab until the £inal process for
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It is easy to fix the process condition of the unit process apparatus in the flow shop layout and the
class shop layout. In the multicell shop layout, the process condition is changed for each cell as
necessary to manufacture a wide variety of product types. [0064] As described above, the
present invention allows facilitating the reconstruction of the optimal manufacturing line as necessary

depending.on the.nymber of the ynitgfmanufaeturing nupher ofordsrs). e recing Leguirgd o

process the unit'of manufacturing, or the number of the unit process apparatuses. IS reconstruction

causes itHenastra oo PEganyf HRg digedhus fepeastrugiedican mapufacideagven one .
semiconductor, and can also manufacture hundreds of thousands to millions of semiconductors (in the
case of aptipletnassfacthenglises) permantlk. The se=caligshvanableproduetvdaraidetgquantity
production can be efficiently performed, and the appropriate quality can be also kept at the same time.
Thus, thid Eareasiigracet- théheeds Brendsufacwairfsémicohaiueiss froms fesearehahd
development phase to a large-scale produqtiorrlﬁ%hase. That is, in the case where the number of

the unit bRTGRAGERIIR Vefy SAAIESGr dkampfe IRIAE BSeWRER R HIMBEPS bfder is one,
one cell shop_can Meet the netecgs. ;Q irsé ir%gn %‘%ﬁ(ﬁ%@@ﬁ%’f Pﬂ%d%%éi\?aﬁﬂffé%f%@&’ especially in a
e

a
& type é
prototyprllr?éﬂpﬁgge or othgpphase : inthe case where the number of orders 15 less than the number of

the unit proceRs-apRYAtUSRELK iR ihe spaeyer therumberatordars becomes fardegs than the
number of the unit process apparatuses, semiconductors are manufactured in the cell shop or the

multicellighap.thanThes, if the nundaercafiorders &t akertalreprodsiet fgpesosemesprocluct types

increases and becomes nearly equal to the number of the unit process apparatuses, the layout can be

changedeg#icl vrss ideticshop Birafigeinéntiiere thentakRfscteiing sprgeut is

advantageous where many types of products can be simultaneocusly
manufactured. More specifically, when the number of the unit of
manufacturing is less than the number of the unit process
apparatuses even if only slightly, the unit procegs apparatus
cannot be in full operation (100% operaticn) at any given moment
during manufacturing. This is very disadvantageous to operate the
plant. Accordingly, the number of the unit of manufacturing which
is nearly equal to the number of the unit process apparatuses is
the lower limit value for the flow shop.

The other criterion for the determination is the case where
two or more product types are simultaneously manufactured. In
this case, it is impossible to simultaneously flow two product
types in the order of the process recipe in the flow shop in
principle.

However, in some cases, the process recipes of two product
types are extremely similar to each other. This is a common case
in an actual LSI process or other processes. For example, in the
case where the content of only one process in 400 processes is

different, two unit process apparatuses for the two different
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is faster. Furthermore, if the number of orders for a single product type increases and only the
product type is manufactured, the layout can be changed to the flow shop arrangement, where the unit
process apparatuses are arranged in the order of the processing procedure (process recipe) of the
product type. This can further improve the manufacturing speed. In the case where the received
orders exjc_;%%d ég% én%%uf %uricnﬁ%%?%aggsgf one. flg\r/lv %'&Op’ e @%w shoP iS extend%d as a garallel
flow sho% sys‘zfem, WHeTE flow S ops AT ary ngedrln garallel. i§ alows rjﬁ%rrll%%?ﬁﬂrlhgon

semicondyctars fOrresponding fo-the.pu D orders,J006a] 142 Hieyprgsent ipyention, the

number of the unit process apparatuses and the required floor space of the plant does not vary among

three layouts obihie-few shep-theniasshahop sard thesldterlbishe). Daatdki gy though the number
of the_ unit of manufacturing and the number of manufacture types vary, the shop layout arrangement
can be dHahgetesiich tHae thamuerberfofithe wiit Pravessessparahiastasegthe araeatt®e plant
completely remain the same. This is a great advantr?i%e that a new investment is not required at all for

major chahdedoftReMurmber of Problitistd%5e RbrhasifEdE8RYahe it BEPEESHes S5 roducts.

[0066] In.the exemplary embodiment, each unit process aratus 1?as the stgndardized outline.
This facTEates SR Ey AR o o S o S B o OEs & DR ALk Gthd b ieway 2. o

similar tagks, Wiich re.assoeiated it a favoy.chanae. ttﬁge?e goppegion-betwegn &ach unit process

apparatus 1 and the wafer entry/exit front chamber 5 and the configuration for coupling each unit
processrapfiasatusrl whid theiposi-oeas alsgppe standargicedifdus piovidessuppparsess
performance as a device manufacturing system. A conveyance control of the conveyance means 4 to
convey Wiistaléd conveyande tontainér Bredlan opapatorrcontidl of thetayeut apparatus 7 can also
be simplified.
redundancy.
[0063]
Next, the criterion to determine a change of layout between
the clags shop layout and the multicell shop layout is described.
The class shop system is advantageous in the case where
there are multiple product types of products which are
manufactured in approximately the same type of process. .
Accordingly, in the case of prototyping, manufacturing a
completely new device, manufacturing multiple types of devices
which differ substantially in the number of processes, or
manufacturing multiple product types simultanecusly, it is
difficult to employ the class shop layout, and the multicell shop
is effective.
It is easy to fix the process condition of the unit process
apparatus in the flow shop layout and the class shop layout. In
the multicell shop layout, the process condition is changed for
each cell as necessary to manufacture a wide variety of product

types.

[0064]
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Additionally, this allows the standardization of configuration for an arrangement of the unit process
apparatuses in a plant. This and other factors ensure the reduced cost for the entire device
manufacturing system. [0067] As described above, each unit process apparatus has the
standardized outline in the exemplary embodiment described above in order to satisfy the requirement
for facilitating re gaaggmerg oé tQE Cl)J‘pét progngss a ggﬁ%tufﬁ% or other re_]hqjcl}grements. For example, due

to the amount of faw matenals requwed’fot%t e BN process aSBEFﬁﬁS% Wistes, it is difficult to

standardize ltg quiline, dnthis caseLisprefered thataccessoty, Units such as esprocessing

apparatus for the raw materials and wastes have their own outlines which meet the same standard as
the unit pEGessapparatutJdieiaceessory miits aBretarrachto ba arrargedadipsentta the unit
process apparatus so as to standardize the outline of the arranged unit when possible. However, in the
case wheretithe stith fifficdiets dovirisiz e this pait provesedpparataeitself eviea with thev&bove- '
described method, the size of the unit process apparatus is defined to be the integral multiple of
standardiZBHGR S ¥abilittEs HE 1ATRYT the apparattses i #repRamPrara#t#i@tase where it is
still diffigult.to downsizgor standardize even 1ErLtEhe ab%ve-described method, in the case where the

Wi
1S YeconstyuclLlon causeg f% o5 . ..
manufacturing costof the unit process apparatuses begomes high due to downsizing or

standardization,gtdn e ¢Ase MheteneceRsary apPaLAIYses raguiad farmaniiaciutng devices are

not standardized, those apparatuses can be inserted to the unit process apparatus group and be used.
even one semiconductor, and can alse manufacture hundreds of

thousands to millions of semiconductors (in the case of multiple
manufacturing lines) per month. The so-called variable-product
variable-quantity production can be efficiently performed, and
the appropriate guality can be also kept at the same time. Thus,
this can easily meet the needs of manufacturing semiconductors
from a research and development phase to a large-scale production
phase.

That is, in the case where the number of the unit of
manufacturing is very small, for example, in the case where the
number of orders is one, one cell shop can meet the needs. That
ig, in an early phase of product manufacturing, especially in a
prototyping phase or other phases, in the cage where the number
of orders is less than the number of the unit process apparatuses
or in the case where the number of orders becomes far less than
the number of the unit process apparatuses, semiconductors are
manufactured in the cell shop or the multicell shop.

Then, if the number of orders for a certain product type or
gome product types ilncreases and becomes nearly egqual to the
number of the unit process apparatuses, the layout can be changed

te the ¢lass cell shop arrangement where the manufacturing speed
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The insertion of those unstandardized apparatus to the layout slightly decreases the layout efficiency
and the conveyance efficiency. However, in the case where those apparatuses are required, those
apparatuses are allowed to be used. In the present invention, it is not necessarily required that outlines
of all processing apparatuses in the layout are standardized. In the case where such an irregular
processijpsq apparatus is disposed, a loss of the conveyance efficiency can be minimized by disposing
this apparatus at an end of a queue of processing apparatuses when possible. [0068] In the

exemplary embedimant desetibed:ahaye, dheuayous eppatats FisUsed {9 guiomatisali:change the

layout of the unit process apparatuses 1. However, the layout can be changed by hand depending on
the needspérdartargementhdcanss thenaniprdaess apparatss dahasachapeiand eeight that allows
moving by hand. Accordingly, assuming that the layout is thus changed, the layout apparatus 7 may
be omittedYJOB6IRn ben theeserhplar-ambbliriefhoesaiianapbesthe 28 tndiBRal gas or the
like to be consumed in the unit process apparatus 1 is supplied from outside of the unit process

appgratb]?itth?&?gﬂ?ﬂ% ﬁﬁﬁ’ﬁ&%ﬁﬁ@ﬁt(ﬁ%.ﬁ&ﬁ%‘?e%hm @%%%Es%pta}'?ﬁtus 1 may be
o BRSSO R o MU e SPGLINTLUE st ber
itself is imoygg@@ghﬁ@pmsxg@%ghmﬁ@@nﬂ@@ugggéiae is simplified. [0070]

In the case where the received orders exceed the
manufacturing capacity of cne flow shop, the flow shop is
extended as a parallel flow shop system, where flow shops are
arranged in parallel. This allows manufacturing semiconductors
corresponding to the number of orders.

[0065]

In the present invention, the number of the unit process
apparatuses and the required floor space of the plant does not
vary among three layouts of the flow shop, the class shop, and
the multicell shop. That is, even though the numbexr of the unit
of manufacturing and the number of manufacture types vary, the
shop layout arrangement can be changed such that the number of
the unit process apparatuses and the area of the plant completely
remzin the same. This is a great advantage that a new investment
is not reguired at all for major changes of the number of
products to be manufactured and the number of types of products.
[0066]

In the exemplary embodiment, each unit process apparatus 1
has the standardized outline. This facilitates conveyance of the
unit process apparatus l,.a positioning task on the guideway 2,

or similar tasks, which are associated with a layout change. The
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While in the exemplary embodiment described above, the wafer stored in the sealed conveyance
container 3 has a diameter of 0.5 inch as the wafer size for manufacturing one semiconductor device
of 1 cm2, the wafer size is not limited to this size. The wafer size may be larger or smaller than this
size, insofar as the single processing apparatus 1 of the above-described desktop size can process
one sheet Plr\{ onéa,she t %f the waferklijsin %he single wafer rocgssin : Thg ré%mber gf chips in the
minimiz&dURT Wiich Bre Manufattared from&hose %vsafgrps? S fot iimited 1o one ani rﬁgy be two or

more. The e o ohigs dopendsan e sizelane sievice. o bedmaauaciyg (00711 In the

exemplary odiment described above, the example of manufacturing processes for the final product
of the semigonguctordedes is deseribediHoweven thaexemplary embedimertds not specifically
limited to manufacturing the final product, and may be configured to process only the processes in the
middle cftthedenditoaductdirmhanpfactidag prubessay: Iesathpecdsersindarigtoahdexensplary
embodiment described above, the number of the unit process apparatuses are determined based on

the numBRRef 3G PrEc SR thdsePFOCRERBS Sa P iteir anefitiefit SRBBFAFSRSs selected and

configuregabase4d n th% n\%nbe;cr oef tggaLﬁ]réiiaoE rgg@gf%ctggngb[gga?%]le W(_Pilg ig rJtLhe exemplary
embodifent described abOVE the example of manu?éc?urlng Semiconductor devices is described, this

is not specifically limited, 19 ganufaciuing.semic ctordevices. Jhhis yaay pe configured as a system
for manufacturing metal-based accurate inStruments/devices, insulator-based accurate
instrumeyitsfsieMigesi and devices made of various materials such as bio-related materials.

Additionally, this allows the standardization of
configuration for an arrangement of the unit process apparatuses
in a plant. This and other factors ensure the reduced cost for
the entire device manufacturing system.

[0067]

Ag described above, each unit process apparatus has the
standardized outline in the exemplary embodiment described above
in order to satisfy the requirement for facilitating
rearrangement of the unit process apparatuses or other
requirements. For example, due to the amount of raw materials
required for the unit process apparatus and wastes, it is
difficul:t to standardize itsg outline. In this case, it is
preferred that accegsory units such as the processing apparatus
for the raw materials and wastes have their own outlines which
meet the same standard as the unit process apparatus. The
accessory units are preferred to be arranged adjacent to the unit
process apparatus so as to standardize the outline of the
arranged unit when possible.

However, in the case where it is still difficult to

downsize the unit process apparatus itself even with the above-
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In such a case, similarly to the exemplary embodiment described above, processing apparatuses
corresponding to various kinds of physical processes, chemical processes, and biological processes,
which are required for the manufacturing processes of those devices, are inco/porated as the unit
process apparatuses to perform the processes. Furthermore, the present invention also has an
effect in the case cg maanadcturi%%a hybrid (I)f E?F semi%onductor device accgrding to the
above-destfibe eexe“rlr?f):la?y emBOdiMEnt and at least de Xevice baséd 3 Variousaterials other

than the semicondugter deserined ahove. Fspedialiy. ig the casawheare.a combineddevice, which is

made by combining devices made of various materials described above, is manufactured, an efficient

shop layeatt 19 selected and cenfiguredbased eipthe-aumhes of npracesgesniwhich are unique to each
material category, and the number of the unit of manufacturing described above. Specifically, a

reaction device,lin garéicgiasa mittoehémical systdrh, diiCicshidmical deagtsr, zn etching apparatus,
a growing equipment, a processing equipment, a sterilizing equipment, a particle size filter, an artificial
light souFEERABIGlogR aF EqTIPMERt, B odToR e figrehGipnTtitiaq insgedtioh &dFBment, a medical

device, eﬁg%sc%@feparts, %contact lens m%n%f?c{: rln%lel%lpment a dialysis e%wgment, a medical

disposaf"’man%fa urirﬁﬁnequa}ﬁr%%rn%,ng pﬁg?maceu ical equrr%%?,céérsostha %ﬁ?prﬁeﬁ?s can be

introducgd 252 LONNGEUIRY L1 MRty ms : I e case Mheie Assysiem s configurtedwising, the

connecting element, processes for various materials can be easily performed at low cost with high
flexibilityshhe: sysiess saversietalsequencereidherprocess flanninthedieldsef He-naastechnology,

the biological technology, the plant factory technology, or similar technologies. Various elements
includingfrsorganics rendaaidi seganit mate riap orasiveicat anatesialsicar bece dsilyyerformed at low
cost with high flexibility, covering total sequence of the process flow. [0073]

unit process apparatus group and be used.

The ingertion of those unstandardized apparabus to the

layout slightly decreases the layout efficiency and the

conveyance efficiency. However, in the case where those

apparatuses are regquired, those apparatuses are allowed to be

ugsed. In the present invention, it is not necesgsarily required

that outlines of all processing aspparatuses in the layout are

standardized. In the case where such an irregular processing

apparatus is disposed, a loss of the conveyance efficiency can be

minimized by disposing this apparatus at an end of a queue of

processing apparatuses when possible.

[0068]

In the exemplary embodiment described above, the layout

apparatus 7 is used to automatically change the layout of the

unit process apparatuses 1. However, the layout can be changed by

hand depending on the needs of rearrangement because the unit

process apparatus 1 has a shape and weight that zllows moving by

hand. Accordingly, assuming that the layout is thus changed, the

layout apparatus 7 may be omitted.
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In the cell shop illustrated in FIG. 8, there is no need for the clean room. Furthelmore, the installation
space may be extremely small. This manufacturing system is at a low price and the operation cost is
small. This manufacturing system can be easily established in a university or a research institution.
This manufacturing system can be freely rearranged as necessary. An individual research result can
be easily, Hgg%quced to this actual manufacturing system. This and other factors make this
manufac&urlng system be very useful. REFERENCE SIGNS LIST [0074] 1unit process apparatus

lamain processifg UnitlbufitRI0SesS SRRBEAS SIdRC0RRSEI0N POFIAR. | the raw

material gas or the like to be consumed in the unit process
apparatus'l is supplied from outside of the unit pfocess
apparatus 1 through the piping connector 1lg. However, each unit
process apparatus 1 may be configured to have a necessary supply
source without beiag supplied from outside as described above.

It is preferred to be thus configured because the

" portability of the unit process apparatus itself is improved and
the piping system in the manufacturing line is simplified.
[0070]

While in the exemplary embodiment described above, the
wafer stored in the sealed conveyance container 3 has a diameter
of 0.5 inch as the wafer size for manufacturing cne semiconductor
device of 1 cm®, the wafer size is not limited to this size. The
wafer size may be larger or smaller than this gize, insofar as
the single processing apparatus 1 of the above-described desktop
size can process one sheet by one sheet of the wafer using the
single wafer processing. The number of chips in the minimized
unit, which are manufactured from those wafers, is not limited to
one and may be two or more. The number of chips depends on the
size of the device to be manufactured.

[0071]

In the exemplary embodiment described above, the example of
manufacturing processes for the final product of the
semiconductor device is described. However, the exemplary
embodiment is not specifically limited to manufacturing the final

product, and may be configured to process only the processes in
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lcguiding portion Idapparatus upper portion leapparatus lower portion lfupper and lower coupling
spacer 2guideway 3sealed conveyance container 4conveyance means Swafer entry/exit front chamber

the middle of the semiconductor manufacturing processes. In such
a case, similarly to the exemplary embodiment described above,
the number of the unit process apparatuses are determined based
on the number of single processes in those processes, and then an
efficient shép.layout 1s selected and configured based on the
number of the unit of manufacturing.

[oo72]

While in the exemplary embodiment described above the
example of manufacturing semiconductor devices ig described, this
is not specifically limited to manufacturing semiconductor
devices. This may be configured as a system for manufacturing
metal-based accurate instruments/devices, insulator-based
accurate instruments/devices, and devices made of various
materials such as bioc-related materials.

In such a case, similarly to the exemplary embodiment
described above, processing apparatuses corresponding to various
kinds of physical processes, chemical processes, and bioclogical
processes, which are required for the manufacturing processes of
those devices, are incorporated as the unit process apparatuses
to perform the processes.

Furthermore, the present invention also has an effect in
the case of manufacturing a hybrid of the semiconductor device
according to the above-described exemplary embodiment and at
least one device based on varicus materials other than the
semiconductor described above. Especially, in the case where a
combined device, which is made by combining devices made of
varioug materials described above, is manufactured, an efficient

shop layout is selected and configured based on the number of
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5adocking port 6post 7layout apparatus CLAIMS [Claim 1] A device manufacturing apparatus,
comprising: a plurality of sealed-type unit process apparatuses conflgured to process a single
process in a device manufacturing process; :

processes, which are unique to each material category, and the
number of the unit of manufacturing described above.

| Specifically, a reaction device, in particular a
microchemical system, a microchemical reactor, an etching
apparatus, a growing equipment, a processing eguipment, a
sterilizing equipment, a particle size filter, an artificial
light source, a biological equipment, a food processing equipment,
an inspection equipment, a medical device, endoscope parts, a
contact lens manufacturing egquipment, a dialysis equipment, a
medical disposal manufacturing equipment, a pharmaceutical
eqﬁipment, or other egquipments can be introduced as a connecting
element.

In the case where a system is configured using the
connecting.element, processes for various materials can be easily
performed at low cost with high flexibility. The system covers
total sequence of the process flow in the fields of the
nanotechnology, the biological technology, the plant factory
technology, or similar technologies. Various elements including
inorganic materials, organic materials, or biclogical materials
can be easily performed at low cost with high flexibility,
covering total sequence of the process flow.

[6073]

In the cell shop illustrated in FIG. 8, there is no need
for the clean room. Furthermore, the installation gspace may be
extremely small. This manufacturing system is at a low price and
the operation cost is small. This manufacturing system can be
easily established in a university or a research institution.

Thigs manufacturing system can be freely rearranged as necessary.
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a sealed conveyance container configured to store one sheet of wafer as a work object; a wafer
entry/exit front chamber being disposed for each unit process apparatus, configured to pass the wafer
between the unit process apparatus and the sealed conveyance container; and conveyance
means configured to convey the sealed conveyance container between the wafer entry/exit front
chambeys, . .wherein.the wafer o be stor din th%sealed. nveyance conéaiger @ﬁs a wafer size for
individial TYegearc 5es% cap F e%51 ¥'1 roduce O 19
manufacturing a device’in’a minimized unit, the plurality of unit' process apparatuses is portable,

the pmr%‘&ﬁi‘ﬂﬂa‘?ﬂﬁ%&%@?ﬁ@%‘?@%ﬁ arrgpged a5 2 flow shop.system foracrangement
corresponding to an order of processes for the device, in a case where the number of a unit of
manufaetaringaaftihe teyics isteeanty equaltademiamber of the unit process apparatuses, the unit
process apparatuses are arranged as a class shop system for classified arrangement at every major
division DEBrEENS ST réedsseés,snd in a case where the number of the unit of manufacturing is
less than the number of the unit process apparatuses, the unit process apparatuses are arranged as a
muIticeII[%ﬁl‘éystem, the

1 unit process apparatus

la main processing unit

1b unit process apparatus side connector portion
lc guiding portion

1d apparatus upper portion

le apparatus lower portion

1£ upper and lower coupling spacer
2 guideway

3 sealed conveyance container

4 conveyance means

5 wafer entry/exit front chamber

5a docking port
6 post

7 layout apparatus
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multicell shop system including approximately one unit process apparatus arranged in one cell for one
process type, the multicell shop system including a plurality of the cells. [Claim 2]  The device
manufacturing apparatus according to claim 1, wherein the unit process apparatuses each have a
standardized outline. [Claim 3] The device manufacturing apparatus according to claim 1 or 2,
further c &E\i@ng a layout apparatus configured to arrange the plurality of unit process
apparatuses as the flow shop system, the class shop system, or the multicell shop, based on the
number pfthg 4injtjof manufacturing and a recipe required for processing the unit of manufacturing.
[Claim 4] The device manufacturing apparatus according to any one of claims 1 to 3,

A device manufacturing apparatus, comprising:

a plurality of sealed-type unit process apparatuses
configured to process a singie.pfocess in a device manufacturing
process;

a sealed conveyance container configured to store cne sheet
of wafer as a work object;

a wafer entry/exit front chamber being disposed for each
unit process apparatus, configured to pass the wafer between the
unit process apparatus and the sealed conveyance container; and

conveyaﬁce means configured to convey the sealed conveyance
container between the wafer entry/exit front chambers,

wherein the wafer to be stored in the sealed conveyance
container has a wafer size for manufacturing a device in a
minimized unit, the plurality of unit process apparatuses is
portable,

the plurality of unit process apparatuses is arranged as a
flow shop system for arrangement corresponding to an order of
processes for the device,

in a case whére the number of a unit of manufacturing of
the device ig nearly equal to the number of the unit process
apparatuses, the unit process apparatuses are arranged as a class
shop system for classified arrangement at every major division of
crders of processes, and

in a case where the number of the unit of manufacturing is
less than the number of the unit process apparatuges, the unit

process apparatuses are arranged as a multicell shop system, the
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wherein a plurality of manufacturing lines is disposed as the flow shop system depending on the
number of the unit of manufacturing. [Claim 5] The device manufacturing apparatus according to
any one of claims 1 to 4, wherein the minimized unit is one, and the wafer size is 0.5 inch in diameter.
[Claim 6] A device manufacturing method for manufacturing a device using a wafer with a wafer
size for mai}yfac%xgngh% de\s(lcgggma Tﬁrélméed unit wherelg the device, manufacturing method use

a pluralify of e55ed-ty PRI 5ota S AP P ATAR S eSS TGRS T Br CESs A EndiE PT6E8ss in a device

manufagiyingAQEesSranged in one cell for one process type, the

multicell shop system including a plurality of the cells.

[Claim 2]
The device manufacturing apparatus according to claim 1,
wherein the unit process apparatuses each have a

atandardized ocutline.

[Claim 3]

The device manufacturing apparatus'accoiding to claim 1 oxr
2, further compriging

a layout apparatus configured to arrange the plurality of
unit process apparatuses as the flow shop system; the class shop
system, or the multicell shop, based on the number of the unit of
manufacturing and a recipe reguired for processing the unit of

manufacturing.

[Claim 4]

The device manufacturing apparatus according to any one of
cilaims 1 to 3,

wherein a plurality of manufacturing lines is disposed as
the flow shop system depending on the number of the unit of

manufacturing.
[Claim 51

The device manufacturing apparatus according to any one of

claimg 1 to 4,
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the plurality of unit process apparatuses is portable, in a case where the number of a unit of
manufacturing of the device is more than the number of the unit process apparatuses, the plurality of
unit process apparatuses is arranged as a flow shop system for arrangement corresponding to an
order of processes for the device, in a case where the number of the unit of manufacturing of the

device is nearly %qeural fo tr%%gutqllbe.r of tgg ulglrllti%rojgsesg r?éapar%%lses, the unit process apparatuses are

1mli?z . . L.
arranged as a class s op system for qAssified arrangemernt &t every major division of orders of

processes, and v, i}frease wherethg ntimbes.of thesunit of manufacturing is less than the number
of the unit process apparatuses, the unit process apparatuses are arranged as a multicell shop

system, the multicell shop system including approximately one unit process apparatus arranged in one
cell for one process type, the multicell shop system including a plurality of the cells. [Claim 7] The
device m&aafartéring method according to claim 6, wherein the unit process apparatuses each

have a standardized outline. , . .
A device manufacturing method for manufacturing a device

using a wafer with a wafer size for manufacturing a device in a
minimized unit,

wherein the device manufacturing method use a plurality of
sealed-type unit process apparatuses configured to process a
single process in a device manufacturing process,

the plurality of unit process apparatuses is portable,

in a case where the number of a unit of manufacturing of
the device is more than the number of the unit procesé
apparatuses, the plurality of unit process apparatuses is
arranged as a flow shop system for arrangement corresponding to
an order of processes for the device,

in a case where the number of the unit of manufacturing of
the device is nearly equal to the number of the unit process
apparatuses, the unit process apparatuses are arranged as a class
shop system for classified arrangement at every major division of
orders of processes, and:

in a case where the number of the unit of manufacturing is
less than the number of the unit process apparatuses, the unit
process apparatuses are arranged as a multicell shop system, the
multicell shop system including approximately one unit process
apparatus arranged in one cell for one process type, the

multicell shop system including a plurality of the cells.
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[Claim 8] The device manufacturing method according to claim 7, wherein the minimized unit is one,
and the wafer size is 0.5 inch in diameter.

[Claim 7]
The device manufacturing method according teo claim. 6,
wherein the unit process apparatuses each have a

standardized ocutline.

[Claim 8]
The device manufacturing method according to claim 7,
wherein the minimized unit is one, and

the wafer size is 0.5 inch in diameter.
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