RESULTS PRI OR TO PROCESS TOOLS BEI NG | NSTALLED BACK
“(1) Field of the Invention The invention relates to th
integrated circuit devices, and nore partlcularly, to a nmetbas*of ensuring

i nproved new t ool ge&ﬁ§éi é @fg@§' 6§fAan?ﬁfE8§A#EBrgﬁg¥gs ear ni ng

cycles required for t I on o New Processing 100

accel erating star f ceSS|n t ool s. EESCfI ti_on of the Prior
Art The cregtlon %ﬁﬁigﬁlggﬁg%cg sq¥§5§ %ﬁgWQw£$§IA£P Eliner ous st eps
processi ng that have to neet the nDst stringent requirenents of

performance, cost objectives, high technical capabilities and the |Iike. The
capital that is invested to create a nodern sem conductor nanufacturing
foundry is considerabl e 8AGKEROUNDhOFeTdiEe IDFENAIIONCced agai nst | arge vol une
of production in order to make the incurred manufacturing cost per device
acceptable. In addition, the art of creating sem conductor devices is a
very dynam ¢ undertaking that requires constant nodifications to the

existing flagil ptces amd+Pe0GESSHRG o0k tools so that conpetitive pressures
can be net and a market position can be naintained. Therefore, not only is

the initial inyastrgoL %l%'ngt%' flg‘&% t cBurgen f%%r&*&%t‘l%%t o 13Ny

sem conduct OI’ eVl ces en |1 s constant

;e3e T@Nz6TEO 7 A NOVEL METHODOLOGY TO OBTAIN | NTEGRATED‘“M
ENTI ON

circuit devices, and more partlcularly, to a method of
ensuring improved new tool selection, of reducing the number
of iterative learning cycles required for the installation
of new processing tools and of accelerating start-up of new

processing tools.

(2) Description of the Prior Art
The creation of semiconductor devices typically
requires
numerous steps processing that have to meet the most
stringent requirements of performance, cost objectives, high
technical capabilities and the 1like. The capital that is
invested to create a modern semiconductor manufacturing
foundry 1is considerable and must therefore be balanced
against large volume of production in order to make the
incurred manufacturing cost per device acceptable. In
addition, the art of creating semiconductor devices is a
very dynamic undertaking that requires constant

modifications to the existing facilities and processing
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extended over time to be carried by present and future technol ogi es. Many
adaptations to new processing requirenents can be addressed and sol ved by
‘modi fying existing tools or by changing conditions of processing or
materials that are applied for the process. In many applications however

this appregeh ofsdiRdali neodhe. exi sl | pdeLsupal adeayal g do adequatelye.
address future requiremnen TR Whi cht 6388 Neéw processi ng tool s nmus Pe
provi ded. New processing tools, offer new set_of chall enges, which in nost
cases res®FLHORIdFE onEf JBRINFIEFF ed THP I 0d S, 8R¢dst 1Ehathe s
further aggravated by new procedures that nust be inplenented, a |earning
curve thattdidelbelpissenent opde?l gl Hhsanbpdruidshalt afhei agpsy Wi h the
new t ool , possible new materials that nmust be acquired and integrated into
t he new proeegssingg semicedyhes,orarmtbtihed itket Alils dfutdes el aspecs saatr by

i nherently time-consum ng and therefore inherently expensive. Many of the
new t ool s exyerided hewverequime hausbrg ssechitaolisy i prieaeink t kaa thaturalst
meet new and upgraded requirenents of clean room environnment or absence of
Vi brati on tQir{ 1@y i@avi ronment al i npacts on the 2 new tools. It is not
uncommon that a new building is created just to house delicate and

vi bration sensitive tool such as X-ray equi pnent or E-beam devi ces.

Many adaptations to new processing requirements can be
addressed and solved by modifying existing tools or by
changing conditions of processing or materials that are
applied for the process. In many applications however this
approach of updating the existing is not adequate to
adequately address future requirements in which case new
processing tools must be provided. New processing tools
offer a new set of challenges, which in most cases result in
additional cost incurred by the product, a cost that is
further aggravated Dby new procedures that must be
implemented, a learning curve that must be passed in order
to gain operational familiarity with the new tool, possible
new materials that must be acquired and integrated into the
new processing procedures, and the 1like. All of these
aspects are inherently time-consuming and therefore
inherently expensive. Many of the new tools may further
require housing such tools in facilities that must meet new
and upgraded requirements of clean room environment or

absence of vibration or other environmental impacts on the
2



The above highlighted inpact that is caused by keeping a sem conduct or
manufacturing facility up to date and conpetitive is by no neans an
exhaustive listing of considerations that affect such an effort of updating
the processing tools and facilities. It is clear however fromeven such a
short |isting Lhaltne, cost \LRCHRESALA 20X madlLLCaLion, Rl 3 Semgaduct or
manuf act uri ng environment can beée sirgnificant and nust aref ore be a nmaj or
consi deration _before such an action js taken. It is therefore_ highly

bonef 1 ¢i al JRTE FRoRBUofeld ity ar it (et Pt hERUFacturing 2o
facilities by installing tools and incurring the therew th-associ ated cost,
anot her nmefhbaYi @IFGBRENE 00%i FUPEPR #RE16BErati onal and interactive inpact
of such an update. In view of the processing capabilities of even a
nodestly conplex program it would therefore seemas a natural extension of
the abilities of a conputer programto design and use a programthat can be
i nstrunental inThddabkssen@iphdllgénedasisqacat echat ths acqusedny ikestdnla ng
etc. of new, nodified or even of reinstalling previously used processing
tools. 3 aAngtheroaRnEeaeh hanpravtdednhy gHbidhividi ng ateonplheke and
processing cycle into nodul es, so that each individual and identifiable

uni t, which,goOpIEses a;gubpsection ol a compl etenonspapLi ahky ¢agp! efe
processi ng arrangenent, can be anal yzed. The invention addresses Such an
appr oach. Tan _et h a pro onty ol m f.or

tool s usinég%g%ég%%gagP% gﬁﬁﬁfe%%f %%k%%%thg%lgggir%Léﬁitu%§¥§£§ oﬁ%%a

def ect managenent ,system._to i nprqve ,sem,conductor yields. US 6,256,549 Bl
(Romer o ot BAPCSSShBa t4 it B0 ataq HaNGRACt UFf ngS e AR OSRRARY Z68 THE

| NVENTI ON A principle objective of the invention is to provide a nethod
t hat ensur@¥ennfiusifedat cdlosel ééetdnaf drhatodithecat99h dnCUFdRd nfh o ny
sem conduct or manufacturing foundry. Another objective of the invention is
to reduce nheéifupgbeionf of emat semitendnchgrcyciesfadiatiriare feypiiganment
required for nodification or updating of a sem conductor manufacturing
foundry. 4can be significant and must therefore be a major
consideration before such an action 1is taken. It 1is
therefore highly beneficial if, instead of performing an
update to the manufacturing facilities by installing tools
and incurring the therewith—-associated cost, another method
is found to simulate the operational and interactive impact
of such an update. In view of the processing capabilities of
even a modestly complex program, it would therefore seem as
a natural extension of the abilities of a computer program
to design and use a program that can be instrumental in
addressing problems associated with acquiring, installing

etc. of new, modified or even of reinstalling previously

used processing tools.



Yet anot her objective of the invention is to provide a nethod that allows

accel erated process and fabrication start-up after nodification or updating
of a sem conductor manufacturing foundry. In accordance with the objectives
of the invention a new nethodology is provided that assures that integrated

process. resul tsyanenyer Lijed and, asauredagr ar, gabtpﬁueihg"at' 10k

processi ng tool’s as par g ofr dpdati ng 0 Sem cnducto

manuf act uri ng foundry e co | et e. sem conduc wla 3r|n gnplenent
of processPﬁgc?%%+%gl§Y§ CﬁéHD?%&%ﬁshSPtﬁi stB4hydure
are then conbined into a fuII | oop. This conbinatlon of sub-nodules into

nodul es t hhdeetbEbprbhppreath, a VolFhcoRplekeAESof 2pr §885SERG 1080l €fcaR be
acconplished in a gradual manner, whereby one or nore sub-loops are first
conbi ned apdmeVvateaved,pat tadilsy combphatEop e swinmrerngngenendl can
sub-groups may be added whereby each of these latter sub-groups may al so
have been & eah&Uybydconbé ningenbeonr attorestesi guonl ansappkoapi. This
process is continued to the point where a full conplenent of process

equi pnent has been created, conpleting the full processing | oops of the
sem conduct or manufacturing facility. 5

US 6,263,255 (Tan et al.) shows a process control

system for tools using feed forward and feed back

Us 5,761,064 (La et al.) shows a defect management

system to improve semiconductor yields.

UsS 6,256,549 Bl (Romero et al.) shows an integrated

manufacturing solution.

SUMMARY OF THE INVENTION

A principle objective of the invention is to provide a
method that ensures improved tool selection for modification

or updating of a semiconductor manufacturing foundry.

Another objective of the invention is to reduce the
number of iterative learning cycles that are typically
required for modification or updating of a semiconductor

manufacturing foundry.



BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a presentation of the

conventional nethod of updating a sem conductor processing facility. Fig. 2

is a presentation of the nmethod of the invention of updating a

sem conduct or processing facility. DESCRIPTION OF THE PREFERRED EMBODI MENTS

FrSt oopect Il caldy JelaLi e fige de Lher e e shoun o meserlalhon,of
e T TR Ey.

t he conventi onal a Sem con or processi

Shows in schematic forn1 are th hree ossi bl e conblnatlons of
i ntroduci ﬁiﬂ? Qi;9%§hxﬁﬁﬁﬁ S ?ﬁﬁg =3 e%?%tlﬁ@ pto8EsShng

t ool conflguratlon that is: - 10, the neM/proceSS|n tool is positioned
bef ore orﬁﬁ@%iTRRM@%??éaWpﬁéééFﬁ@ﬁo@f<§&|@P@ﬁ§l@@op -a 19emi gen@degror
processing tool is positioned within the sequence of existing tools, and -
14, the newrmprfeegssiimy tfemindsy positi oned behind or in an up-stream

| ocation of existing tools. 6 Specifically highlighted are the follow ng
new and existing or old processing tools: - under arrangenent 10, the new
tool is tool 12 which is positioned before the old processing tool 14; it

i s thereby assufed,tBatasgatCconduct Oe Wahsk ARGt Nef PhACcCESRIME YPCgeds
froma left to a right direction of the diagrans that are shown in Fig. 1,

that is Trom tReknbAcithe new toald 4o togl,l aagélr&eegl 900! ) o o YDOEL

arrangement 15 e new are positione er the
old tool 16 and before the ol d processing ; is_thereb ssuned
Chat - semi CHATDr EREI Sind "6t heP Gtdsens PRy prosHcad AGi 'bet tBea

right direction of the diagrans that are shown in Fig. 1, that is fronltool
16 (an ol d”t%(ﬂj)lactd-qrbonZCP]{%ﬁﬁJ‘{fﬁé?g off@°lGol3S BARL- %%dépddffrydﬁ’@en%ﬁt 20,
the new tool 24 is positioned after the old processing tool 22; it is

t her eby asmgeddinhatoBen cosriuctordwel @F amin@fdll@tupi@@es§®ugdp}700e7éﬂs from
aleft to aright direction of the diagrans that are shown in Fig. 1, that

is fromtoamP2td he ekaditoak)ictort oolm&duf4dieunieng t oolcompAreorartthe  of
re-configurations that are shown in Fig. 1, whereby each of these

reconfi gurgdd s dirsy aiceed sat i & NtgREAUEIAG RN e 1 aE oNDE o EW 9 S drnt suBA

exi sting sequence of sem conductor processing tools, it is clear that the

only modules, which are then combined into a full loop. This
combination of sub-modules into modules that closer approach
a full complement of processing tools can be accomplished in
a gradual manner, whereby one or more sub-lcops are first
combined and evaluated, to this combination one or more
additional sub-groups may be added whereby each of these
latter sub-groups may also have been created by combining
one or more (original) sub-loops. This process is continued
to the point where a full complement of process equipment

has been created, completing the full processing loops of

the semiconductor manufacturing facility.



7 way in which process integration for the nodified sequence of
processi ng tools can be achieved is by evaluation of the inpact of the new
tool or tools after the new tools have been installed. Prior to the process
of installing a new processing tool, as shown in the diagrams of Fig. 1,

i nsight c J j t f of one or nore new tools by for
instgnce ?%g%ﬁbgﬁﬁgﬁﬂggﬁ%ﬁ%t aﬁﬁg%éﬁgﬁ@ﬂﬁ%%tructional or educati onal Y
efforts. This however does not address the concern of how the new tool or
tools will operate once this new tool or tools have been installed into the
now nodi fi ed sequence of processing tools. This can, with the tool updating
and integratiofischenel$ hat PreSenEpeaPNy Ofis dédcarmprarersHewR i metkpd | ofonly
be acconplished after the new tool or tools have been installed and after

t hese newupoltsngy @ elepviatoediuar aaperatdemmEingstimaisl Mithi n t he sequence of
processing tools of which old or existing processing tools remain a part.
The current practice of updating a sequence of processing tools typically
results in extended efforts requiring an prol onged period of time before

the new tool orpil0ls & & IJHLHALHG d DO g NRIEEQCEESERY SEAMRPLEn New

of updating a semiconductor processing facility.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

First specifically referring to Fig. 1, there is shown
a presentation of the conventional method of updating a

semiconductor processing facility.

Shows in schematic form 1in Fig. 1 are the three
possible combinations of introducing one or more new
processing tools into an existing processing tool
configuration, that is:

- 10, the new processing tool is positioned before or in a
down-stream location of existing tools

- 12, the new processing tool is positioned within the
sequence of existing tools, and

- 14, the new processing tool is positioned behind or in an

up~-stream location of existing tools.



processing conditions nust be evaluated in depth, the interfacing of the
new tool or tools with the old tools nust be evaluated and the like. All of
these activities are performed to the point where a valid and adequate
basis for 8 acceptance of the new tool has been established and where the
new tool or tools are judged to be gperational .in the . nodi.fied processing
envi ronment . Théep?%/gjnﬁg acfblr%kﬁbge%qpﬁ%(g v e HighHcddd g oBEé’m;aP at
are conventional encountered in updating. a sem conductor processing

ar r angenmeX B3 P VG Hi P PR eUeF HVer §OR/bRuUl e I ntegration Preparation

(PM P) net hodol ogy that renoves nost if not all of the conventionally
encount er ed dhdadvanregeensnt nsfal Itheg mew prodesisi ngooboll® iwitichanis

exi sting sequence of processing tools. This will be further explained in
detai | usipgs#Fiigpned floefohe sthar pasie priRefearsiiingg tumd speci £t cakl yheeebhe
diagramthat is showm in Fig. 2, therein are highlighted the foll ow ng

el enents ofsddrged ol LRt Ngsdinsedssiueor- Ixfed2, Jfd anst8br ar proewskeaks
that can sequentially be extended with extension 35 into nore new tools
than have heen.dighkight ed 10:Fi 9o 2 Athe 38,40i8Rd A2 He a%ﬁ- ogyl es
of new tools, each subnodul e conprising at | east one new tool, t g

sub- nodul can q tiall ext end W th extension 41.i,ntQ .nore
subnodul egtﬁ%%igna%%vgs eeh %{g%ﬁigg'ht gd ?Cﬁlalfi g}SZ?%ré)m %%in rlllé iﬁthrr‘sle nd“t'he
above-identifjed arrangepents of new tools and sub-nodul es conprising new
t ool s, thetcf%jr)l o nﬁo%ﬁs]gfv;??%n%lge?%?}rhg thereto can be made. A
conventional process flowis, over the conplenent of tools where existing
or ol d toot SUBARE derar@PBeed by, nehetBeVstoghbodi vpaed LAY S8CY &8l pre
defi ned sub-nodul es whereby each sub-nodul e conprises at | east one new
processi ngeesot iomEphazfsenusthde pldcetiooh t he abode behved "odher bhd
conpl enment of tools where existing or old tools nust be replaced by new
tool s". Thisosedsithyisdoh 2akesti hsotheeount apsantdcahaconsindevatiuensrof
which a main consideration is that the new tool or tools are being

del i vered Jayrér CORADBtNeRIYrocEMs itRP| Srddadd£0nsbht Ht 8 «F tSUs Npduk ghar e
then conpletely evaluated for processing capabilities and performance,

t her eby i i o,th L t p i . facin -he
first andrktﬂhe gis]?ﬁt%%l ge\n'g?é:lggg]ﬁglésEg‘%%n%g%e@vﬁ‘{??hr{en%f%begéi gaggeggence
into whic LS - u ikntegraged.at,,a later time, .In short:
t he sub-nE%%Pg Fégﬁrggfe %hggg&uﬁﬁp})iﬁgﬁp%% %n%ooﬂﬁgéiﬁﬁﬁmf%ﬁoggggihg
equi pnent into which the new sub-nodul e nust be integrated, and is

eval uat ed &7t he

- under arrangement 20, the new tool 24 is positioned after
the old processing tool 22; it 1is thereby assumed that
semiconductor wafer and other processing proceeds from a
left to a right direction of the diagrams that are shown in
Fig. 1, that is from tool 22 (the old tool) to tool 24 (the

new tool).

From the re-configurations that are shown in Fig. 1,
whereby each of these reconfigurations 1s aimed at
introducing one or more new tools into an existing sequence

of semiconductor processing tools, it is clear that the only
7



10  nmaxi mum extent possible. The eval uation of the sub-nodul e conprises
the conpl ete eval uation of the stand-al one sub nodul e and, to the naxi num
extent possible, the evaluation of the effect that interfacing old
processi ng equi pnent with the sub-nodul e may have on the sub-nodul e,
specifically on_the first_and the lLast _tool wthin th -mmdule. T

Frrst ool "Rt AP it hEdG 80 | EnbRarbR88a o e o b T et
sub-nodul e in which a sem conduct or wafer, or device that _is bein% pr?Fessed
i s processefl BEPEFPESARY GPREF (G L& P HHARVEUbt frodyl 8VaFHATEEt Cfodine

Wi thin a sub-nodule is understood to be the tool wthin the sub-nodule in

whi ch a sehipantuctiorth@f aevwort gavi ee ttieatl si sabes gtprodeyseloPssphedéssed
after processing by all other tools in that sub-nodul e has been conpl et ed.
I n bet weenbthe firrsttaldredl.t hBriast ticoothé heroermisni 0f tioets ltlhatg azenpart of
the sub-nodule are arranged in a sequential order that coincides with the
order in wBkebekbBengetbedndust ehowaf &éh @hedébgeatmBabfi Fipr.oagssed phtt he
sub nodul e proceeds through the sub-nbdul e. The objective of creating the
sub- modul eg Af pe gained into the performance of one or more new tools

by for instance tool vendor demonstrations and instructional

or educational efforts. This however does not address the

concern of how the new tool or tools will operate once this

new tool or tools have been installed into the now modified

sequence of processing tools. This can, with the tool

updating and integration scheme that is currently used and

as shown in Fig. 1, only be accomplished after the new tool

or tools have been installed and after these new tools are

elevated to operational status within the sequence of

processing tools of which old or existing processing tools

remain a part.

The current practice of updating a sequence of
processing tools typically results in extended efforts
requiring an prolonged period of time before the new tool or
tools are integrated into the new processing sequence. New
processing conditions must be evaluated 1in depth, the
interfacing of the new tool or tools with the old tools must
be evaluated and the 1like. All of these activities are

performed to the point where a valid and adequate basis for
8



sem conductor processing tools is to ensure the conplete 11 i ntegration
froman operational and processing point of view of the processing tools
contained in the sub-nodule. Al paraneters that apply to this conplete
integration are observed and anal yzed to the point where the operational

Capabi|iti§é?§§%£% eS%%'quylSegr%dq¥nﬁ§gE£ge#QQ§ﬁ§ﬁ9@ﬂﬂﬂ§9 ¥§§L%&%@e

I ncluded in Servation and analysis is§s, e maxi mum éx

possi bl e, the effects that [nterfacing, processing equi pnent have_on the
First and the PSYC boRdcedbi REOLBOR T 1HISUb hodel CPTHUSEM Y oif HBY be
sinmul ated by software means or nmay be sinul ated by hardware neans. As an
exanpl e ofM¢@efigdtRFocansbed cPrBYrPRBeRtosi ng of a resistive loop with the
characteristic inpedance of that |loop in order to renove el ectrical
reflections within the loop. Simlar nmeans for matchi ng or adaptation may
be provided for the nunmerous situations that can arise when interfacing new

processi ng t ool shav thvehdiphocessiasgdsoalls sepeadrhthohighbedt ppebdfenisoo
and the type of interfacing between tools. Fromthe above detail ed concept

of a sub-npgdte, hhel S @R3RWQ i@HAND &ridudmode byishe addhting of jone

or nore processing tools to the sub-nodule after which the now
semiconductor processing arrangement by providing a Pre-
delivery Module Integration Preparation (PMIP) methodology
that removes most 1f not all of the conventionally
encountered disadvantages of installing new processing tools

into an existing sequence of processing tools. This will be

further explained in detail using Fig. 2 for this purpose.

Referring now specifically to the diagram that is shown
in Fig. 2, therein are highlighted the following elements of
the following discussion:

- 30, 32, 34 and 36 are new tools that can sequentially be
extended with extension 35 into more new tools than have
been highlighted in Fig. 2, and

- 38, 40 and 42 are sub-modules of new tools, each sub-
module comprising at least one new tool, the sub-modules can
sequentialiy be extended with extension 41 into more sub-

modules than have been highlighted in Fig. 2.



ext ended sub-nodul e can again be evaluated to the maxi mum extent possible.
This extension of a previously conpleted and eval uated sub-nodul e may for
i nstance advant ageously be applied if one or nore pieces of new equi pnent
becone 12 avai | abl e and these one or nore new pieces of equi pmrent can be

i ntegrated wi thyln,exlsting, sy- ’Ei}de“' €80 L08REGH,; 38S th%#&f &R gonguct or
manuf act uri ng foun%ry, that 18 no onger on the prémses o fe of T gi nal
equi pnent vendor. The objective of adding one qr ,nore pieces of new

equi pnent ¥o¥a pPe¢SoustiF cr 83PERCEN e§erFPW@&l§&89hDd§?% i 5°P6Spr efdfe new
processing tools as nuch as possible for actual processing operations prior
to the intE&gth®VEnRJIoPLEREVARROREOERSAFAYJt BBEESLEAt 6aBnPexM8EEng processi ng
line. By therefore including one or nore new processing tools to a
previously created and verified sub-nodule, the scope of the new equi pnent
that is evaluated prior to integration with the existing processing tools

i s extended, thnschadueaiciigniie ppolcerisi aldwpiasct ©ofet hehensbablakeon off t he
new processing tools on the integrated processing line. The PMP

met hodol 0gyo81 st hdeiraventi o f¢r bhen1pr ovdstes adwantagese®f 2 &@d¥g! new

integration of processing tools and of reducing the inpact of conplicated

and d'fflcygglEP sub-divided into clearly defined sub-modules whereby
each sub-module comprises at least one new processing tool.
Emphasis must be placed on the above stated “over the

complement of tools where existing or old tools must be

replaced by new tools”.

This sub-division takes into account practical
considerations of which a main consideration is that the new

tool or tools are being delivered by a common vendor.

The tools that constitute a sub-module are then
completely evaluated for processing capabilities and
performance, thereby including to the maximum extent
possible the interfacing of the first and the last tool
within the sub-module with the processing sequence into

which this sub-module must be integrated at a later time.

In short: the sub-module is treated as a unit,
independent of existing processing equipment into which the

new sub-module must be integrated, and is evaluated to the
10



integrate processing steps on the integrated processing line. Difficult to
i ntegrate processing steps can first be verified and can, after

‘verification, be gradually expanded to include additional processing steps,
all of this leading to a controlled manner of updating an existing |ine of

[ ' lt:bs th f tQ. fi
S moaul BeS R TEkver? porb il AR ePa IHEREETE o' il Rl o

f devi .. This foll f he_ob ti t hat f th t
i1l GPOESERRy SpE oY Hfier SEY T GRERER ot pr 00bsS FEIr ALGUENTIG

relatively | ess conplex than subsequent steps of processing and, in

addi t i on, MAE e St melC o NSe MACTHIIL t % C ORE ePeSERPdBYI ¢S taluatelas yet
in a nore unprocessed state. It is thereby also possible to integrate one
or nore sw- robeuleds edtatt Nedy e riiearf asomy etletl ek el ntegh gk iperd orim t hi s
integration prior to installing these one or nore now newy integrated

sub- nodul esiel Hub-indwedclonvieay | aaak Eirocessi BgblmbeulEhi SpalcS @ ifaantileromeet s
t he objective of installing new processing tools that have been eval uated

to the maxhaumiexierhPess hl-asthrdQy1 ta dHist alHatduwi-rfadire new

The first tool within a sub-module is understood to be
the tool within the sub-module in which a semiconductor
wafer or device that is being processed is processed before

all other tools in that sub-module.

The last tool within a sub-module is understood to be
the tool within the sub-module in which a semiconductor
wafer or device that is being processed is processed after
processing by all other tools in that sub-module has been

completed.

In between the first and the last tool the remaining
tools that are part of the sub-module are arranged in a
sequential order that coincides with the order in which the
semiconductor wafer or device that is processed by the sub-

module proceeds through the sub-module.

The objective of creating the sub-modules of

semiconductor processing tools is to ensure the complete
11



processing tools, whereby this extent covers not only the depth of the
eval uation of the stools conprising a sub nodule but also includes as many
mew processing tools as is possible to integrate prior to installing the
conpl ete conpl enment of new processing tools into the conventional sequence
of processing tools. AfLter the agne or nD%e sgapnndules t hat .h veépeen
descri bed aB678 RRVR bEER™ REL BPFEE TR P he *ROWPHPGSCEA Sr 8C&LST R MR,
these tools _are no |onger "new' elenments in 14 & the updated processi_ng
line in viel d% hBTPREGEHEH prpat afPBhadfethelhew!fr 0B &RTNAG B0l S1igri or
to installation. Problens that therefore arise in the updated processing
line can i RahBBetessesthetretppivel §o quiltia y epsilpied tio tayratdorof atiee
updat ed processing line that by and | arge excludes the newy installed
processi ngobseksedi reael t heséynew procedsi ngoimol gheaee pheviopeslar ilvesl
eval uated. This greatly reduces the potential for extensive debug and

anal ysi s otaphpiupdatedopr eaessubgmbungcabirer coh@leewlpr eeRRHsR@JPeIns have
been installed in the processing line. To sunmarize, the invention provides

for: an extensiug reayaysrd analysts BEe2R8 tQbnMURl NENL Py O£ESSLNY (ool s
prior to the installation of these processing tools in a sem conductor

B o anal yeateprior it REPEh P ARSI Bhe OHIR Bresosariog THnEY and

for evaluating the inpact, that interface processing.tools have on new
i nstal led PFOCBSSTRY (SOIEPTOHT BPY Ha*Bhovd: | BAfs G SF gAFF! CEREl y 25

reduci ng the , ,
processing tool in the sub-module. These effect may be

simulated by software means or may be simulated by hardware
means. As an example of the latter can be cited the closing
of a resistive loop with the characteristic impedance of
that loop in order to remove electrical reflections within
the loop. Similar means for matching or adaptation may be
provided for the numerous situations that can arise when
interfacing new processing tools with old processing tools,
dependent on the type of tool and the type of interfacing

between tools.

From the above detalled concept of a sub-module, it is
easy to extend a sub-module by the addition of one or more
processing tools to the sub-module after which the now
extended sub-module can again be evaluated to the maximum
extent possible. This extension of a previously completed
and evaluated sub-module may for instance advantageously be

applied if one or more pieces of new equipment become
12



conventional inpact that the installation of new processing tools has on an
existing line-up of processing tools. 15 Al t hough the invention has been
described and illustrated with reference to specific illustrative

enbodi nents thereof, it is not intended that the invention be |limted to
those illustrative enbodipents. Those skilled in,the art wll r gnj_ze

t hat varia?Y%ﬂiagﬁﬁ ﬁBgikﬁgﬁﬁiS&g<ﬁﬁ1qﬁfﬁnﬂﬁwa%%%%? 8épggP%ﬁagﬁgo§FPhe
spirit of the invention. [t is therefore intended.to incLude w thin t@g

i nvent i on Bf1 IRLRATIERH at + BAsIAnG* A PP A POREMPPC AT PP REEREFSChEtscope
of the appended cl ains and equival ents thereof. 16 What is clainmed is: 1.
A met hodol blyy semébradi citetre gradt R Prwtiersi AguRask t $hgiti oFs t 8O prlesEesi ng
tools being installed in a processing line, conprising the steps of:

i dentifyi ngnathé¢epsémbnesfofsthprocegsnal equliphenngvergbaced in an

exi sting sem conductor processing |ine; assigning said at |east one first

processing tool to at | east one first sub-nodul e of processing tools;
eval uating said at |east one first sub-nodul e of processing tools for

expected and spegifigd parfor mnce,ghiggi dod lgasthoere fiestssubr mpdyl e of
processing tools; and sinmulating effectS of down-streamand up-stream

processi nge&&?%rﬁer?@. 58l gogﬁeb‘féﬁélg”%rfeggégt Bflac%’%‘?iiﬂ}_Qe%ip%hga—%%ﬁﬂ%y is

down- stream processi ng S precede sal east one first processing

tool in a sequence of sem conduct or de%jc processiqg st eps mhigf s%;d
up-streamB?o ange new processing o0ls as muc as possl e or

actual processing operations prior to the integration of the
new processing tools into an existing processing line. By
therefore including one or more new processing tools to a
previously created and verified sub-module, the scope of the
new equipment that is evaluated prior to integration with
the existing processing tools is extended, thus reducing the
potential impact of the installation of the new processing

tools on the integrated processing line.

The PMIP methodology of the invention further provides
advantages of gradual integration of processing tools and of
reducing the impact of complicated and difficult to
integrate processing steps on the integrated processing
line. Difficult to integrate processing steps can first be
verified and can, after verification, be gradually expanded
to include additional processing steps, all of this leading
to a controlled manner of updating an existing line of

processing equipment.
13



tools follow said at | east one first processing tool in said sequence of
sem conduct or device processing steps. 2. The nethodol ogy of claim 1,
expanding said at | east one first sub-nodul e of processing tools by
assigning at |east one second processing tool to said at |east one first
sub nodul e of processi tools.. 17 .. The_nethodpl g f claim
expandi ng said Y f%agﬁggﬁgyfFFéfmgﬁgﬁﬁﬁﬁﬁP%OO%lﬁ?gcggé?ﬁs F&%r?oﬁyles
assigning a nultiplicity of processing tool to said at | east one first
sub- nodul et3t pPg ‘és%%ﬂéehﬂof"g?eﬁ? ANPELROABEBGF SEANGbPEI 1§ SMRCOGRCERT
processing results prior to processing tools being installed in a
processi ngvdfees @&npieEieRS ¢ h@héﬁep@g]dquﬁ dERPTf iy @pseruatiene thiatst
sub- nmodul e being replaced in an existing sem conductor processing line,
said at | efist onkeeseb- imdate compiadd ngpabcksashgonetppscesdieng thealeby
eval uating said at | east one processing tool for expected and specified
per f or mancex@tut&asproesespr aeeFdghdmaly #rhisi val vt 1 8gs etbaplexofthan
down- stream and up-stream processing tools on said at | east one processing

tool, wherghysdowen st r gaBLRN 068SSigIG IR0l Preqede sahd ghgheash,ongre
processing tool "in a sequence of sem conductor device processing steps

whi e sai d,up: SLEEAM AT 0569 SbAGLLOOLS LoLLaW sald, 3t eleasl one PLacessi ng
tool in salrd sequence of sem conductor device processing steps. T . The
nethodologg of claim.]l exganding sgid at | east one first sub-nodul e by
assi gni ng 2l TP PTi BRPYOGPSBPdcEeifig tools to said at |east one first
sub- nodul e of processing tools. 6. A nethodology to obtain integrated
processing results prior to processing tools being installed in a
processing line, conprising the steps of: identifying a multiplicity of
processi ng tool §tbdisnghrepglicedlen dossdisitd nige séntegrdiet cmer ot esvingg

| ine; assigning at |east one processing tool of said multiplicity of
processi ngstibehsdtibeat tleast lonee suieamdut@nmietprdcess] ngvadalagtedr eatd ng a
multiplicity of sub-nodul es of processing tools; evaluating said

mul tiplicipyrobraubnmedul €se9faprOcepsiing twl snkerlexpgctiadt andogpedid i ed
performance of said at |east one first sub-nodul e of processing tools; and

si mul atingnetéenbs kwdPMidLARAN UP-RILEAHR PLRESSSHBY dRRHh A r3al d
mul tiplicity of sub-nodul es of” processing tools, whereby down-stream

processi ”9p£88%§s9¥180%‘1%e@ egber Qo sabd it B%iaeistythcg %géHPQULG%fOf

processing tool's 1 n”a sequence of sem conductor device processing Steps
while said,u -s% eam processing tools fallo menber of said.multiplicity
of sub- o5 bt L BF 0BEEs PG TOEID S rf ST CiGuehtts of SSBrdontates: evi ce
processing steps. 19 , , _ ,
the maximum extent possible prior to installation of the new
processing tools, whereby this extent covers not only the
depth of the evaluation of the stools comprising a sub-
module but also includes as many new processing tools as is
possible to integrate prior to installing the complete

complement of new processing tools into the conventional

sequence of processing tools.

After the one or more sub-modules that have been

described above have been 1installed in the now updated

Ww ”

processing line, these tools are no longer elements in

14
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7. A nethodology to obtain integrated processing results prior to
processing tools being installed in a processing |ine, conprising the steps
of: identifying a multiplicity of processing tools being replaced in an

exi sting sem conductor praocessing |ine; assigning at |east one processing
tool of sai |t Lpl LGit SsSi toal s to | east e b- | e of
processinghﬂ%g?%éagéégti 68ée%%?§§plﬁggfy 0 sdgy%%du gs Bﬁgprggeggggg
tools; conmbining at |least_one first menber of said multiplicity of

sub- modul é%r%ﬁa%?to]c%%si Rf t 058 wi BR¥at PEASTS DRI sec SR Srentert % s&Pd
multiplicity of_ sub-nodul es of processing tools, creating at |east one

hi gher | evielssubhbeiee- of rpPoEBSsitAftt ool e EYRP uALLRE sidl dtle Pedatedne

hi gher | evel sub-nodul e of processing tools for expected and specified

per f or mancerofesaing atl irneastaat 1eastosinechisgherb¢ evas 1l aguibraipdubeiokly
processing tools; and simulating effects of down-stream and up-stream
processi ngadoDdsedntsaitl alrdeeast ohe hbdheed evelcesigdinmdul eneof tpabcegsi ng
tool s, whereby down-stream processing tools precede a nenber of said at

| east one dighers dyelkxeularrdut BeOf ndh PEeSSidth 110 S grid & sTAGENEB 00k

sem conduct or device processing steps while said up-stream processing tools
follow at lgast opgebighsr,!e ?&céggiggduksozg ngbeP! 822356081400k ehn
sai d sequence of sem conductor device processing steps.

A {9. Ah. A3. A3. . A A . . .

UaE AR R ATat AP hs AYSRELXFASRIRSAL e A0 SRBHRT \ SRRVEETENE TS

| wmhc”Y] caj ca] ca ca]caicalca]ca]ca]ca]ca]ca]ca]ca]ca]ca cRa] ca] ca] ca] ca] ca
] ca] ca] ca] Ca'¢h] REf caPBayEab) 4] CRE UPaLed processing line” after the
TUP&YZ4} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] ca}ew] BAPEaFeafaltesca) ke aPean4kREL$WBIECe (11 x5he dPZPFesFéapca) ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] tahe {u

LUt g gsHH) $CISS% B0 &CEr &8&! ' W' ' } xsni d_Z]] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
aJ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca!" (F(
(()b**e+ ,e,-r./X001>1x111+272223- 3c33344P44} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] @] sahral c2d calsal cav-6al cahcplepl gakcabeal cal cal ca] cal caj ca]
cal! 445(5U555 6A6z666, 7d7778L888869p9999(: b:::; P;

.- }xsni d_z] ] ca] cal cal ca] ca] ca] ca] cal ca] cal.ca] ca] cal.cal ca] ca] cal ca] cal cal ca
oo ool cay o] &3] cafEEREaVES] E8) ERy el cladladl cakeslgal cal eqeal calgal cal
;, <I KK<K=R===>A>] >0>p>>>?]??72?4@ @ @A ApAAAAAB] xsni d_Z] ].ca] ca] ca] ca] ca] ca]
ca]ca]ca]ca]é%FE&F@&F@a]&éF@é}céFééFbaFéa]5§FbaP€éF@éF@§P@§]c&Fca%@&F@a]ca]
ca] ca! 4BkBBBCWCCCDBDy DDDESE{ EEFt GGGGE H HHHI | 211 |1 JJ{ vpkfa\ W ca] ca] ca] ca] ca

U ca] ca] cal] eapPeareadcc dcd]scdicd] cartaltelcdcalrea] sl cdlTdlicy] ca] ca] ca] ca
] ca] ca] ca] ca! JLLOLi LLLL. M MMVIN>NnNNNOWOOOP=Px PPPAQRSTTMUUY{ Y} xsni d_Z] c] ca] c

a] ca] ca] cad c&oza]najara]an] celeaeapeabcaleal aedwapradead tad caboakcahat] cal c
a] ca] ca] ca] ca] ca] ca! { Yorur AL M MVIVINSNN NNNOWOOOP=Px PPPdQRSTTMUUY{ Y} xsni d_Z

1 c]ca] ca] ca] ealecahpal gakeal sa 6a] aal caheaheakealeal ¢al ca] caheabealealeal caj
cal] ca] ca] ca] ca]ca] ca] ca] ca3b~~_=! "1 10%& ()-y3F10%& ()-s&l0%& ()- 109& ()-!'~"
processing line, and

o for evaluating the impact that interface processing tools

have on newly installed processing tools.

All of the above leads to significantly reducing the
conventional impact that the installation of new processing

tools has on an existing line-up of processing tools.
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in the art will recognize that variations and modifications

can be made without departing from the spirit of the
invention. It 1s therefore intended to include within the
invention all such wvariations and modifications which fall
within the scope of the appended claims and equivalents

thereof.
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least one first sub-module of processing tools;

evaluating said at least one first sub-module of
processing tools for expected and specified performance of
said at least one first sub-module of processing tools; and

simulating effects of down-stream and up-stream
processing tools on said at least one first processing tool,
whereby down-stream processing tools precede said at least
one first processing tool in a sequence of semiconductor
device processing steps while said wup-stream processing
tools follow said at least one first processing tool in said

sequence of semiconductor device processing steps.
2. The methodology of claim 1, expanding said at least one
first sub-module of processing tools by assigning at least

one second processing tool to sald at least one first sub-

module of processing tools.
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identifying at least one first sub-module Dbeing
replaced in an existing semiconductor processing line, said
at least one sub-module comprising at least one processing
tool;
evaluating said at least one processing tool for
expected and specified performance at least one processing
tool; and
simulating effects of down-stream and up-stream
processing tools on said at least one processing tool,
whereby down-stream processing tools precede said at least
one processing tool in a sequence of semiconductor device
processing steps while said wup-stream processing tools

follow said at least one processing tool in said sequence of

semiconductor device processing steps.
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6. A methodology to obtain integrated processing results
prior to processing tools being installed in a processing
line, comprising the steps of:

identifying a multiplicity of processing tools being
replaced in an existing semiconductor processing line;

assigning at least one processing tool of said
multiplicity of processing tools to at least one sub-module
of processing tools, creating a multiplicity of sub-modules
of processing tools;

evaluating said multiplicity of sub-modules of
processing tools for expected and specified performance of
sald at least one first sub-module of processing tools; and

simulating effects of down-stream and up-stream
processing tools on said multiplicity of sub-modules of
processing tools, whereby down-stream processing tools
precede a member of said multiplicity of sub-modules of
processing tools in a sequence of semiconductor device
processing steps while said up-stream processing tools
follow a member of said multiplicity of sub-modules of
processing tools in said sequence of semiconductor device

processing steps.
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line, comprising the steps of:

identifying a multiplicity of processing tocols being
replaced in an existing semiconductor processing line;

assigning at least one processing tool of said
multiplicity of processing tools to at least one sub-module
of processing tools, creating a multiplicity of sub-modules
of processing tools;

combining at least one first member of said
multiplicity of sub-modules of processing tools with at
least one second member of said multiplicity of sub-modules
of processing toocls, creating at least one higher level sub-
module of processing tools;

evaluating said at least one higher level sub-module of
processing tools for expected and specified performance of
said at least at least one higher level sub-module of
processing tools; and

simulating effects of down-stream and up-stream
processing tools on said at least one higher level sub-
module of processing tools, whereby down-stream processing
tools precede a member of said at least one higher level
sub-module of processing tools in a sequence of

semiconductor device processing steps while said up-stream

processing tools follow at least one higher level sub-module
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