3 November 2004 A NOVEL METHODOLOGY TO OBTAIN INTEGRATED PROCESS RESULTS PRIOR
TO PROCESS TOOLS BEING INSTALLED BACKGROUND OF THE INVENTION (1) Field of the
Invention The invention relates to the fabrication of integrated circuit devices,’alhd’Mi8ré pafticularly, to a

method of ensuring improved new tool selection, of reducing the number of iterative learning cycles

required for the installation fofN$&{# prEESKIRG 10615 ditd 8P déceletatiny BfarEbptBtGieéw Sprocessing tools.

(2) Description of the Prior Art The creation of semiconductor devices%%/picall re%uires numerous steps
mahce’, th

processing that have to mieet'thé ostt SkringertTeghineméits of Pet Pobjectives, high

technical capabilities and the like. The capital that is invested to create a modern semiconductor
manufacturing foundry is considerable and must therefore be balanced against large volume of

production in order to make the incyfred - manufacturing.cost pef Fevice acceptable. In addition, the art of

creating semiconductor devices is a very dynamic undertaking that requires constant modifications to
the existing facilities and processing

(1) Field of the Invention

The invention relates to the fabrication of integrated
circuit devices, and more particularly, 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 like. The capital that 1is
invested to create a modern semiconductor manufacturing
foundry 1is considerable and must therefore Dbe 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 1is a
very dynamic undertaking that requires constant

modifications to the existing facilities and processing
1



1 3 November 2004 tools so that competitive pressures can be met and a market position can be
maintained. Therefore, not only is the initial investment a significant burden to the cost of creating
semiconductor devices but this burden is constantly extended over time to be C%CPYF&?%S/ f)?%%ent and
future technologies. Many adaptations to new processing requirements can be addressed and solved by
modifying existirigPolots 8P by heltariging Tohditithscalesieessingor raateriils e are "applidd for the
process. In many applications however this approach of updating the existing is not adequate to

adequately addrB8s f(ittir@ reg@itententSmWhith €dse nEW [r6€E83ing tobls iust be provided. New

processing tools, offer a new set of challenges, Whiclg jn most case result in %dditional cost incurred by
initial investment significant urge T the cost . o .
the product, a costthafis further aggravated by hew procedures]i at'must be Implémented, a learning

curve that must be passed 1o rder, 19,040 opgratonal familianty with, the. pew.togl, pasgible, new

materials that must be acquired and integrated into the new processing procedures, and the like. All of

these aspects arginherently-time-censuming and therefore. inheyently expensive,Many:of;the new tools
may further
technologies.

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 wupdating 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 by 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



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 3 November 2004 new
tools. It is not uncommon that a new building is created just to house delicate’ aldl Vibratiéh Sensitive tool
such as X-ray equipment or E-beam devices. The above highlighted impact that is caused by keeping a
semiconductor mamufaetdring facility upcto datecane competiive by rblmeans dh exisadstive listing of
considerations that affect such an effort of updating the processing tools and facilities. It is clear however
from even such ®Short sty fratdfe Lot cirfed'indiiy- hsdificaticrn bf & setfitorttttor S
manufacturing epvironment . can be significant and must therefore be a major consideration before such
an action is taken. 1ti$ theréfore |gﬁly beneficialif, 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 moadestly complgx prograsn, it worlld therefore seem, asqa patwrakgxtension of the
abilities of a computer program
a semiconductor manufacturing facility wup to date and
competitive 1s by no means an exhaustive 1listing of
considerations that affect such an effort of updating the
processing tools and facilities. It is clear however from
even such a short listing that the cost incurred in any
modification of a semiconductor manufacturing environment
can be significant and must therefore be a major
consideration before such an action 1is taken. It 1is
therefore highly beneficial 1if, 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.



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. 3 3 November
2004 Another approach is provided by sub-dividing a complete processing cfclléom%bﬁfoaﬂ?és, so that
each individual and identifiable unit, which comprises a sub-section of a complete or partially complete
processing arrangement ekt becaralgzed. The imentibrradoressbsdlichcam approacte 959,263,255
(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 defeéiSnanagemént SystBRPtaIRProTE sefficontitictdidields 0576 256154981 (Romero et
al.) shows an inte ratedfgn% ufacturin sol‘%i?réhSUMMARY OF THE INVENTION A pri?ciple objective

. . 1dentl e J11 compris a sub-sgction.,. O a .
of the invention isto provide a methad that'ensures mp?ove&fool seléction for modification “or updating

of a semiconductoy manUiacgyi E?HPQM%@CERC?%P@C lye, of the inyeqtion js1g,reduce the number of

iterative learning cycles that are typically required for modification or updating of a semiconductor

be analyzed. The invention addresses such an approach.

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.

US 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.



manufacturing foundry. 4 3 November 2004 Yet another objective of the invention is to provide a method
that allows accelerated process and fabrication start-up after modification or updating of a semiconductor
manufacturing foundry. In accordance with the objectives of the invention a new e %dépé)ﬁy is provided
that assures that integrated process results are verified and assured prior to the installation of
processing tools as partedf modifyiag orPlpdating obPa semsicondactor pranufaciringfodAdry The

complete semiconductor manufacturing complement of processing tools is sub-divided into short-loops or
sub- modules, WhicH'are tHet Eombinét ito H-fefi66pE This RbAtifstion of subdhbdafdstinto modules

that closer approach a full 00£nplemen O%E)roce,ssing tools can be acc?mglished,in a %radual manner,
start—%P arter ?o 1 C%qu? oa ug a%%?% ?. s%plaond ctor
whereby one or more sub-loops are first” combined and evaluated,to this combination one or more

additional sub-g;pmf@g\yﬂelggd%g%@%@py 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

In accordance with the objectives of the invention a
new methodology 1is provided that assures that integrated
process results are verified and assured prior to the
installation of processing tools as part of modifying or
updating of a semiconductor manufacturing foundry. The
complete semiconductor manufacturing complement of
processing tools 1s sub-divided into short-loops or sub-
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-loops 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.



the semiconductor manufacturing facility. 5 3 November 2004 BRIEF DESCRIPTION OF THE
DRAWINGS Fig. 1 is a presentation of the conventional method of updating a semiconductor processing
facility. Fig. 2 is a presentation of the method of the invention of updating a se%n%@ﬁ%&o%oﬁlﬁocessing
facility. DESCRIPTION OF THE PREFERRED EMBODIMENTS First specifically referring to Fig. 1, there
is shown a preseniatforP6FtHelEGrvahtiohal ethiothgfEsdating a semiconductor processing facility.
Shows in schematic form in 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 el down-stream location of existin t%%Ig -C12, the new g[\:ocests}iln%'too is

positioned within the seﬁ%'en%e of e‘?‘(isﬁﬁaﬁ%ﬁ‘?%h%“. 14, trie hew’ Byoecnetsls?ﬁlg ool'is p8$|ti8ned behind or

inan up-stream ggation of existing 100ls; & 3 NQuember 2004 i 14y

Fig. 2 is a presentation of the method of the invention

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 wupdating a

semiconductor processing facility.

Shows 1in schematic form in 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.



Specifically highlighted are the following new and existing or old processing tools: - under arrangement
10, the new tool is tool 12 which is positioned before the old processing tool 14; it is thereby assumed
that semiconductor wafer and other processing proceeds from a left to a right difé¢tiGR of ?%é diagrams
that are shown in Fig. 1, that is from tool 12 (the new tool) to tool 14 (the old tool) - under arrangement
15, the new tool or toolsPES/18Y¢8  die positidrned afiér the dld tdsl 16 ahbbefore thewld aprdcessing tool
20; it is thereby assumed that semiconductor wafer and other processing proceeds from a left to a right
direction of the didgrams thaare sh&bA i £ig.€, thaPis® from tool 16 (an old tool) to tool 20 (another old

tool), and - under arracpgrement 20, the new té)ol 24 is positiotnoedlaftler the olld QEOC%is]sin}g tool 22; it is
0

- unde arrangement, 1 the new o) S _To 13 . .
thereby assumed tha Semiconductor wafer ahd oﬂﬁer processing proceed)s from a'le a right direction

of the diagrams lﬂbastiacr esnown,ine £ig- 1fbatis from ool g2 (ihe glditopl) to tgol 24 (the, ngy tool). From

the re-configurations that are shown in Fig. 1, whéreby each of these reconfigurations is aimed at
introducing one gsmEkeNew tQals iNfeaN-existing $E€qUEREEr and other processing

proceeds from a left to a right direction of the diagrams
that are shown in Fig. 1, that is from tool 12 (the new
tool) to tool 14 (the old tool)

— under arrangement 15, the new tool or tools 18/18’/18” are
positioned after the o0ld tool 16 and before the old
processing tool 20; it is 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 16 (an old tool) to tool 20 (another old tool),
and

- under arrangement 20, the new tool 24 is positioned after
the o0ld 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 is aimed at
introducing one or more new tools into an existing sequence

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



of semiconductor processing tools, it is clear that the only 7 3 November 2004 way in which process
integration for the modified sequence of processing tools can be achieved is by evaluation of the impact
of the new tool or tools after the new tools have been installed. Prior to the prod8&&Sfinstilling a new
processing tool, as shown in the diagrams of Fig. 1, insight can be gained into the performance of one or
more new tools 3ol instdnice tobF gerder demonastations and inshtictionalt of edgeatismalefforts. This
however does not address the concern of how the new tool or tools will operate once this new tool or
tools have been MstBIES 7o the oy hodified Kedtiehte G processing 169182 Thiy cat, wittFthe tool
updating and inte%ration sc£aevrge1§bthat is curregtly used a?: as shown ine Fig.e%, %%I¥lbe %cég:gmplished

act , o e new ,tqo oI, 00ls after . t e .
after the new tool or tools een instafiéd and aﬁer ese new tools are elevated to operational

status within the,sequence 9£ 1Rrogessing tools of which gidogggéistjﬁg plrlgggﬁipgntgolg remain a part.

The current practice of updating a sequence of processing tools typically results in extended efforts
requiring an prolonged-eried ebtime hefore the new taal oy stoglsAre integrated intoitheingw processing

sequence. New
can be 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 1in 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 in 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



processing conditions must be evaluated in depth, the interfacing of the new tool or tools with the old
tools must be evaluated and the like. All of these activities are performed to the point where a valid and
adequate basis for 8 3 November 2004 acceptance of the new tool has been e{abi&Hed ARd where the
new tool or tools are judged to be operational in the modified processing environment. The invention
addresses the abevehighlightedf probfems thatare convermisial eAcountesedin apdatinecac
semiconductor processing arrangement by providing a Pre- delivery Module Integration Preparation
(PMIP) methodoldgy 5t réffoves mdst i ot HiFof tHE Eonvéntiorally Reicouritered difadvtntages of
installing new procgs%in éools into an existin(l; seqfl‘Jentce of processing tools. This will be further
explained in deténl?uélnb ig?ﬁof%?%ﬁﬁnp%r%g‘s]e.rﬁ% eerl?)ing 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, angh= 38,48and.42 are sbbyagdules of ey taols;8achsul- problems

that are conventional encountered in updating a
semiconductor processing arrangement by providing a Pre-
delivery Module Integration Preparation (PMIP) methodology
that removes most if 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
sequentially be extended with extension 41 into more sub-

modules than have been highlighted in Fig. 2.



module comprising at least one new tool, the sub-modules can sequentially be extended with extension
41 into more sub- modules than have been highlighted in Fig. 2. 9 3 November 2004 Keeping in mind the
above-identified arrangements of new tools and sub-modules comprising new tSOIE™tRe %ﬂﬂ%wing
observations relating thereto can be made. A conventional process flow is, over the complement of tools
where existing or old tdsisPatst bereplacdd By aew o, st divided infy cleagiydafined gfib-modules
whereby each sub-module comprises at least one new processing tool. Emphasis must be placed on the
above stated "ov&i'the “plenteiit of TovIsTiHEIESExist iy BF ORiEdls MTEt bé Yepfaced B new tools".

This sub-divisior%tallieswinto ac%ountvpra.ctical co?sid,eratio s of which a main cansideration is that the

o) 1ng observations relating, t eto ca e ma .
new tool or tools aré %em&de |veredaby a cormmon vendor. The tools {haﬁ constittite 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 iata-yvhieh thissub-medule must be integrated-ata latebiMeement of
tools where existing or old tools must be replaced by new
tools, 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 1s treated as a unit,
independent of existing processing equipment into which the

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



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 3 November 2004 maximum extent
possible. The evaluation of the sub-module comprises the complete evaluation of & <tafid-alone sub-
module and, to the maximum extent possible, the evaluation of the effect that interfacing old processing
equipment with T&subrmedilehayhave bhcthe S0b-nfoduleaspecificafly bhcthedirsirand tise last tool

within the sub-module. The first tool within a sub-module is understood to be the tool within the
sub-module in WhEHa s&hficdttfuctot™ e for device thatls Béing Processed is processed before all

other tools in that Sclr]b'mOdUIc?' The Ia%t tool within a sub-m%dule is uggerst%%d to be _the tool within the
. odule an &o the ?ax1q¥m.exﬁ$ 80551 e, g.evaluatlan
sub-module in which'a‘semiconductor waler or device that is €ing processed is processed after

processing by all,othe toglsin that sub-madulenas beep, gompleted. i, he vzg(ael'%m%{ir%&iaew 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 whighthe s sgmicenductarwafes of devicethatdsprocessed bythe-subrai11y on

the first and the last tool within the sub-module.

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 1is to ensure the complete
11



module proceeds through the sub-module. The objective of creating the sub-modules of semiconductor
processing tools is to ensure the complete 11 3 November 2004 integration from an operational and
processing point of view of the processing tools contained in the s.ub-module.‘Q’AﬁOf)e.ﬁ'%ﬁi‘ieri\‘tc-ﬂ%l that apply to
this complete integration are observed and analyzed to the point where the operational capabilities of
the sub-module aré eenlétely Gnderstoodzaicr verified. Mrludad irethis ohsepidtiorcand apalysis is, to

the maximum extent possible, the effects that interfacing processing equipment may have on the first and
the last processiig tbBFin EHé SEHSMBEUIECThEseEfEEt MEY be "simtfatet’ by Eoftwate nithahs or may be

simulated by hard&\{\é%rrge {neerans.t%% an %xarTOE}Ie (t)fo th% La#ger ccaonmb? c1i:ted tyetcloiingi grf1 a gersiestive loop
with the charactéristic |mpe§’ance of thakio p in"order to remove electrical reffections within “the loop.

Similar means foy,majching gf.adaptation maybe prpyvidsd for the nymerpys Si&%%@a[‘éi%fa” arise

when interfacing new processing tools with old processing tools, dependent on the type of tool and the
type of interfacing, between teals. Fremethe abave detailedcongept of ansubrmeduleoitds and

verified. Included in this observation and analysis is, to
the maximum extent possible, the effects that interfacing
processing equipment may have on the first and the last
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 detailed 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 1if one or more pieces of new equipment become
12



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 instahce Gdvantageously be
applied if one or more pieces of new equipment become 12 3 November 2004 available and these one or
more new pieces of efeipmertcant Nss integrated withria existinglsuis-module onithesprentises of the
semiconductor manufacturin foundrgimthat is no longer on the premises of the original equipment

vendor. The objé&ive'dF&ddihgbriE 6 mdte Fidcés BF nelP etfeipmentto 4lbiebiotElErdatéd and

verified sub-modl.ille is to prepare new procesfsin% toqls as much as posgible for actu§l processing
. . se? co? uc%qﬁ manuracturiln qum ry that 1s no on?er
operations pnor%o the’in egration of the "new processing tools into’dn existing processing fine. By

therefore including Qne.oL,mare new gfo%%sesi%g E%B'ﬁ 1o ae_cﬂﬁ%'ﬁ?éfﬂy 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

The objective of adding one or more pieces of new

equipment to a previously created and verified sub-module is
to prepare new processing tools as much as possible for
actual processing operations prior to the integration of the
new processing tools 1into 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 1is 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



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 Wéﬁfﬁéraéaﬁ%nal
processing steps, all of this leading to a controlled manner of updating an existing line of processing
equipment. 13 3 Noverhbei 20044t isthefebysofvadvartiage to first Treatessulnnodutes thae most closely
affect initial processing of semiconductor wafers or devices. This follows from the observation that for
these (most initi&l) profEssing Steiss thePthereby "Exdciitéd Process is feqhe i rél el 1ess complex
than subsequent s%eps of progessing andTmadd%'ti(m, are erformekg on %emicontd.uctortwafters or
devices that are ‘4% fertsinoar more hﬁp?o’cesséé state. 1t's thefeqf)ny alsé p8s§i%ifev?o ﬁ]?élgra%leaone or more

sub-modules that have heen cc_)rnlpggt@d and gyghﬂategggge gg{f&g[m t:b‘i_% fggeg tation Q@%rrtgbigstalling

these one or more now newly integrated sub-modules into the conventional processing line. This also

further meets the pbjegative qf-installing new-pracessing togls.thathaye keen evalyated tonan

subsequent steps of ©processing and, in addition, are
performed on semiconductor wafers or devices that are as yet

in a more unprocessed state.

It is thereby also possible to integrate one or more
sub-modules that have Dbeen completed and evaluated and
perform this integration prior to installing these one or
more now newly integrated sub-modules into the conventional
processing line. This also further meets the objective of
installing new processing tools that have been evaluated to
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 installed in the now updated

'y

processing line, these tools are no longer “new” elements in

14



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 complet% N@é’ﬁﬁﬁ%?n%%%of new
processing tools into the conventional sequence of processing tools. After the one or more sub-modules
that have been Hescribelabede havedseseti installethin théhow updated prédessing lifeptiese tools are
no longer "new" elements in 14 3 November 2004 the updated processing line in view of the in-depth
preparation of tHe F&R 5tbeaSsing tools prior to™ ftallafGir FProbiems trat tierefbfe Gfise ihthe updated

processing line can,in,Tiost eases be relatively, quigkly assigned to an area of the undated processing
line that by and Targe excludes the newly installed processing tools since these new processing tools

have previously Ig]ggg e gg@W@teQiggis gggatlxrgeqygg]g the patential for &f&%@%&% ydeQHg Ce}ﬂc{/analysis of

the updated processing line after the new processing tools have been installed in the processing line. To
summarize, the yengerPrevides fea of the updated processing line that by

and large excludes the newly installed processing tools
since these new processing tools have previously been
evaluated. This greatly reduces the potential for extensive
debug and analysis of the updated processing line after the
new processing tools have been installed in the processing

line.

To summarize, the invention provides for:

® an extensive review and analysis of one or more new
processing tools prior to the installation of these
processing tools in a semiconductor processing line

e for extending the scope of the new processing tools that
are analyzed prior to installation in a semiconductor
processing line, and

e 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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an extensive review and analysis of one or more new processing tools prior to the installation of these
processing tools in a semiconductor processing line for extending the scope of the new processing tools
that are analyzed prior to installation in a semiconductor processing line, and FSF’%T/%Giﬁa%Oﬁ the impact
that interface processing tools have on newly installed processing tools. All of the above leads to
significantly reducing tAe téom@&ntiortdlempactthat teninstahation ot dlew pleeessingctoolsas on an
existing line-up of processing tools. 15 3 November 2004 Although the invention has been described and
illustrated with refetéride to-§pecifiifttistrative €fib68imehts thetBBF it ishot intentidd fiat'tRe invention
be limited to those illouﬂ%ltir\l/te err%t%odimepts..Those skilled, in thedeelg V\1/:| Ir co&gtlize.that variations and

modifications can be ma evﬁthou?rdee%aftinlgtfrolrﬁ tﬁleOtspiﬁtl%? & Sinvention: It is therefore intended to

include within the _inyention all sych yariations and modifications which fall withindhe scope pf the
appended claims and equivalents thereof. An alternate manner in which the invention, which
in the art will recognize that variations and modifications
can be made without departing from the spirit of the
invention. It 1is therefore intended to include within the
invention all such variations and modifications which fall
within the scope of the appended claims and equivalents
thereof.

An alternate manner in which the invention, which
provides a methodology to obtain integrated semiconductor
device processing results prior to installing semiconductor
device processing tools in a semiconductor device processing

line, can be understood is shown in Fig. 3, wherein

specifically are highlighted:

* at least one first existing semiconductor device
processing tool 50 being replaced 1in an existing
semiconductor device processing line

¢ the at least one first existing semiconductor device
processing tool 50 being assigned to at least one first
replacement sub-module 52 comprising replacement

processing tools.

The invention then continues by evaluating the at least

one first replacement sub-module 52 for performance and by
16



provides a methodology to obtain integrated semiconductor device processing results prior to installing
semiconductor device processing tools in a semiconductor device processing line, can be understood is
shown in Fig. 3, wherein specifically are highlighted: at least one first existing SEHTEoHddetor device
processing tool 50 being replaced in an existing semiconductor device processing line the at least one
first existing senfiéordacton devices procedsiAgoolsSa being adsigned toratdeéastond first replacement
sub-module 52 comprising replacement processing tools. The invention then continues by evaluating the
at least one first FéplRcEive At SUtE Atbdifle 5207 petforitfarite afd By 283 Nbvémber 2004 simulating
effects of down-stream (54) and u%-_sr%r%?m é5?>)2 existing processing tools on the at least one first

re sSu ream e tin
replacement sub-moduie b2, whereby down-stream exis mﬁ processing <‘f‘ools>i514sprec%de the at least one

first replacement syb-module 52n.2 sgaence of semicandyctor, deyice pragessing steps while the
up-stream existing processing tools 56 follow the at least one first replacement sub-module 52 in the
sequence of semicENEUEI n+ sub-module 52 in a sequence of semiconductor

device processing steps while the up-stream existing

processing tools 56 follow the at least one first

replacement sub-module 52 in the sequence of semiconductor

device processing steps.

Alternately, the invention may be described as a
methodology to obtain integrated semiconductor device
processing results prior to installing semiconductor device
processing tools in a semiconductor device processing line,
by, as highlighted in Fig. 4:

o Jidentifying at least one first existing sub-module 58
comprising at least one existing semiconductor device
processing tool being replaced in an existing
semiconductor device processing line by at least one

replacement semiconductor device processing tool 60

® ecvaluating the at least one replacement semiconductor
device processing tool 60 for performance and simulating
effects of down-stream (54) and up-stream (56) existing
processing tools on the at least one replacement
semiconductor device processing tool 60, whereby down-

stream existing processing tools 54 precede the at least
17



device processing steps. Alternately, the invention may be described as a methodology to obtain
integrated semiconductor device processing results prior to installing semiconductor device processing
tools in a semiconductor device processing line, by, as highlighted in Fig. 4: Td8RHIHG aQtOI%Ea)lst one first
existing sub-module 58 comprising at least one existing semiconductor device processing tool being
replaced in an existirte seéRicGTRIEOE dEvieerodessing IiFrvby at kst ol replaeemértt semiconductor
device processing tool 60 evaluating the at least one replacement semiconductor device processing tool
60 for performance HhdPsifAEAG Seffdcts Tf towiilstream (54) &ivd Bipostream (%6 eXikting processing
tools on the at least one replacement semiconductor device processing toal 60, whereby down- stream
existing processing"foé s5 p?eélepdeS e alleast 17'3 Ndverber 2004 one rsép acement Semiconductor

device processing togl 6Q in,a seguenpce Ioégﬂyggggléctgéggggqqedgr&c&ssmgggs while the up-stream

existing processing tools 56 follow the at least one replacement semiconductor device processing tool 60
in the sequence of $eMICONJUCIOk 601 60 in the sequence of semiconductor

device processing steps.

Alternately yet, as highlighted in Fig. 5, the
invention can be described as a methodology to obtain
integrated semiconductor device processing results prior to
installing semiconductor device processing tools in a
semiconductor device processing line, by:
¢ identifying a multiplicity 62 of existing semiconductor
device processing tools being replaced in an existing
semiconductor device processing line

® assigning at least one existing semiconductor device
processing tool of the multiplicity 62 of existing
semiconductor device processing tools to at least one
sub-module 64 of replacement semiconductor device
processing tools, creating at least one sub-module 64 of
replacement semiconductor device processing tools, and

¢ cvaluating the at least one sub-module 64 of replacement

semiconductor device processing tools for performance and
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device processing steps. Alternately yet, as highlighted in Fig. 5, the invention can be described as a
methodology to obtain integrated semiconductor device processing results prior to installin
semiconductor device processing tools in a semiconductor device processingf I%Oev,eﬁ{i?ridzeor%fying a
multiplicity 62 of existing semiconductor device processing tools being replaced in an existing
semiconductor devigérprbeéssingdines alssighing at least oimateXisting semiebndbtcrtelide processing
tool of the multiplicity 62 of existing semiconductor device processing tools to at least one sub-module
64 of replacement $EhitbhbBctor d&ice rotessing¥ools Tréting at feadt bt SuBodile 64 of
replacement semic%r]lduct?r dev'&cgcprrg)gggsiggmtools,cfmd evaluatincgethe at least one subl-module 64 of

replacement semiconductor dévice processing tools for Bgﬁo%‘éﬁce nd T8 FNovember 2004

simulating effects of down-stream (54) and up-stream (56) existing processing tools on the at least one
sub-module 64 of replacement semiconductor device processing tools. Alternately yet again, the

invention provides a methedalogytp qhtainintegrated semicanduetor devicties a
methodology to obtain integrated semiconductor device
processing results prior to installing semiconductor device
processing tools in a semiconductor device processing line,
by, as shown in Fig. 6:
¢ identifying a multiplicity 66 of existing processing
tools being replaced in an existing semiconductor device
processing line

®¢ assigning at least one existing processing tool 67 of the
multiplicity of existing processing tools 66 to at least
one sub-module 68 of replacement semiconductor device
processing tools 70, creating a multiplicity of sub-
modules of replacement semiconductor device processing
tools 70

® combining at least one first member 68 of the
multiplicity 70 of sub-modules of replacement
semiconductor device processing tools with at least one
second member 72 of the multiplicity 70 of sub-modules of
replacement semiconductor device processing tools,
creating at least one new level sub-module 68/72 of

replacement semiconductor device processing tools
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processing results prior to installing semiconductor device processing tools in a semiconductor device
processing line, by, as shown in Fig. 6: identifying a multiplicity 66 of existing processing tools being
replaced in an existing semiconductor device processing line assigning at le slf%vﬁgbeefig{ﬁ% processing
tool 67 of the multiplicity of existing processing tools 66 to at least one sub-module 68 of replacement
semiconductor devieeaprogeissing tools 70] ereatingra matltiplieity: df sub-muotules 68 réplacément
semiconductor device processing tools 70 combining at least one first member 68 of the multiplicity 70
of sub-modules of replatenseRn SeAfitdrUCtoF HeviceproeesBirg odis Withtatdéastene second member
72 of the multiplicity 70 of sub-modules of replacement semiconductor device processing tools, creating
at least one new levét stbERUYTe 68772 of replacement semiconductor device processing tools 19 3
November 2004 evaluatingtt_he at least one new level sub-module 68/72 of replacement semiconductor

device processing t8oI8for peofmaficeSad down-stream (54) and up-Stream (56)

existing semiconductor device processing tools on the at
least one new level sub-module 68/72 of replacement

semiconductor device processing tools.
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simulating effects of down-stream (54) and up-stream (56) existing semiconductor device processing
tools on the at least one new level sub-module 68/72 of replacement semiconductor device processing
tools. 20 3 November 2004 What is claimed is: 1. A methodology to obtain intediatedproce¥sing results
prior to processing tools being installed in a processing line, comprising the steps of: identifying at least
one first processing todlitizging sreplacéedth aa existing semiconductor processing line; assigning said at
least one first processing tool to at 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 pEocerisinr{(I;egtq%%; aind simylatig% effects of down-tsggam and ug-.stream é)r%esssing tools

. . olo [e) aln 1ntegra rocessin re
on said at least orie first processmg%ol, whereby down-stréam proc&smg %ools%recedue said at least

one first processing 19l n,a sequence of semiconductar  device prgcessing steps,while sajd,up-stream
processing tools follow said at least onefirst processing ?ool in said sequence of semiconductor device
processing stepS.ine, comprising the steps of:
identifying at least one first processing tool being
replaced in an existing semiconductor processing line;
assigning said at least one first processing tool to at
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 up-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 said at least one first sub-

module of processing tools.
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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 said at least one first sub- module of processing tools.
21 3 November 2004 3. The methodology of claim 1, expanding said at leastonevdirstsulddhodule of
processing tools by assigning a multiplicity of processing tool to said at least one first sub-module of
processing tools3 4. Aihethodeisty/ kogbtain integratdd processihigiesahs cprir té precessivty tools being
installed in a processing line, comprising the steps of: identifying at least one first sub-module being
replaced in an eXisfifig sefEOARUCOF protessigamres S5 at fedstOne SUb-mdaLE c8Mpriging at least

one processing tocil; evaluatin sa%'d at least one roceisin%tool for exp%cted and sépegified performance
multiplicat o cess %é)t o) T sald at east on 1rst
at least one processmg}O ool: and smﬁfa?lng 8ffécts of down-stream and up-stsream processing tools on

said at least one_processing.togl, &Q%ggg ggézvraggg?gr_n processing tools precede said at least one

processing tool in a sequence of semiconductor device

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

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 up-stream processing tools
follow said at least one processing tool in said sequence of

semiconductor device processing steps.
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processing steps while said up-stream processing tools follow said at least one processing tool in said
sequence of semiconductor device processing steps. 22 3 November 2004 5. The methodology of claim
1, expanding said at least one first sub-module by assigning a multiplicity of processi®g £d6ls to said at
least one first sub-module of processing tools. 6. A methodology to obtain integrated processing results
prior to processifg tGdIS befig irkeaiisty ind pocessiny lisgreafprisingahe stépslef idertifing a
multiplicity of processing tools being replaced in an existing semiconductor processing line; assigning at
least one procefsﬁgﬁoof6?§bedﬁhﬁﬁip]ﬂ?§it)ﬁ6fsﬁl‘i’f€e%§in© 60 toRt Ieastone subEriotiife "6 processing
tools, creating atmuliiglictitg of su -mgdL&Ies of proces%in? tools; \ialugtitjg sailg muItiincigy of
sub-modules of pPoocessing t661S oraexpe%?es& and %pecll i6d pgﬁ‘orrrﬁlgnge of Said'at Teast onefirst
sub-module of progessing tools; and simulating effects of down-stream and up-stream processing tools
on said multiplicity of sub-modules of

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
said 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 1n 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 1in said sequence of semiconductor device

processing steps.
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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-modulésioefeprecesdsirg tools in
said sequence of semiconductor device processing steps. 23 3 November 2004 7. A methodology to
obtain integrated proéessitig resultaIpricrao pricessing 16618 1sdiAg instalietsinia processingsline,
comprising the steps of: identifying a multiplicity of processing tools being replaced in an existing

semiconductor pro¢ESsindlin¥: °48sighig atteast ohe'proce<sing td6icof SRidindfipF&RSof Brocessing

tools to at least gne es.ub-crgr(r?duliesiog roggssirt]g toolosf creating a multiplicity of sub-modules of processing
tools; combining at 184stoné first member of said multiplicity of sub-modules of processing tools with at

least one second mempg&q{ §§%g&1lti9li%txlog§¢1pighogplegfof gggggigggtoogg,oqgatg&%Ieast one

higher level sub- module of processing tools; evaluating said at least one higher level sub-module of

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 tools, 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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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 dowh<streeam prdéessing tools
precede a member of said at least one higher level sub-module of processing tools in a sequence of
semiconductor device prscessirg Stepsswhile saidlupssteans Sproftessit tools: follow deleast one higher
level sub-module 24 3 November 2004 of processing tools in said sequence of semiconductor device
processing step® 25 eSSing steps.
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