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St eps a@h a manufacturing framework or a network of processing modules. Each manufacturing tooi is
generally connected to an equipment interface. The equipment interface is connected to a machine
interface to which a manufacturing network is connected, thereby facilitating communications
between the manufacturing tool and the manufacturing framework. The machine interface can
35  generally be part of an advanced process control (APC) system. The APC system initiates a control
script, which can be a software program that automatically retrieves the data needed to execute a
manufacturing process.
Figure 1 illustrates a typical semiconductor wafer 105. The wafer 105 typically includes a
plurality of individual semiconductor die 103 arranged in a grid 150. Photolithography steps are
40  typically performed by a stepper on approximately one to four die locations at a time, depending on
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35 The steps illustrated by Figure 2 are generally performed in series, causing the manufacturing
system to execute frequent breaks in the process flow. Acquiring pre-process data using a metrology
tool, then processing the wafer 105, then acquiring post-process manufacturing data, can be an
inefficient process when performed in series. Any interruption in a process flow of semiconductor

wafers can cause inefficiencies and errors. Manufacturing time lost due to such inefficiencies can be

40 very costly, and can adversely affect product delivery schedules. Errors in the semiconductor wafers
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The invention may be understood by reference to the following description taken in
conjunction with the accompanying drawings, in which like reference numerals identify like elements,
and in which:

35 Figure 1 is a simplified diagram of a prior art semiconductor wafer being processed;

Figure 2 illustrates a simplified flowchart depiction of a prior art process flow during
manufacturing of semiconductor wafers;

Figure 3 is a block diagram representation of a system in accordance with one illustrative

embodiment of the present invention,
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features of an actual implementation are described in this specification. It will of course be
appreciated that in the development of any such actual embodiment, numerous implementation-

30  specific decisions must be made to achieve the developers’ specific goals, such as compliance with
system-related and business-related constraints, which will vary from one implementation to another.
Moreover, it will be appreciated that such a development effort might be complex and time-
consuming, but would nevertheless be a routine undertaking for those of ordinary skill in the art
having the benefit of this disclosure.

35 There are many discrete processes that are involved in semiconductor manufacturing. Many
times, semiconductor devices are stepped through multiple manufacturing process fools. Often,
manufacturing data, including metrology data, is collected before and/or after some processes are
performed. For example, before a chemical-mechanical polishing (CMP) process is performed, it is
desirable to collect pre-processing data to determine how much polishing is to be performed.

40  Similarly, after performing a deposition process, it is desirable to collect post-processing data to
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In one embodiment, the metrology data analysis unit 560 sends inline cascade metrology

data from the integrated metrology tool 310 to the inline cascade metrology data storage unit 320 for

35 storage. Furthermore, metrology data analysis unit 560 sends offline metrology data to an offline

metrology data storage unit 570 for storage. The system 300 is able to retrieve inline cascade

metrology data and offline metrology data and perform feedback and feed-forward analysis. The

inline metrology data and the offline metrology data are sent to the feedback/feed-forward unit 580 for

generation of feedback and feed-forward data. The feedback and feed-forward data are analyzed by

40  the computer system 530, which then uses the manufacturing model 540 to modify control input
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present invention.

In one embodiment, the system 300, using the methods taught by embodiments of the

35  present invention, can perform the multiple feedback loops to improve the efficiency and accuracy of

the manufacturing of semiconductor wafers 105. Turning now to Figure 7, two feedback loops that

are used during semiconductor wafer manufacturing are illustrated. The feedback loops utilized by

the system 300 includes a run-to-run feedback loop 700 and a wafer-to-wafer feedback loop 705.

Both feedback loops (700 and 705) can be used in concert during a manufacturing process for
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in one embodiment, the first and the second set of semiconductor wafers 105 are sent to the
35  processing tool 510 in cassettes 539. In an alternative embodiment, the system 300 receives more
than two sets of semiconductor wafers 105 in various cassettes 539. The system 300 performs a
cascade processing operation on the plurality of sets of semiconductor wafers 105 (block 830). A
more detailed illustration of the steps for performing the cascade processing indicated in block 830 is
provided below (see Figure 9 and accompanying description).
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35  processing of the semiconductor wafers 105, in a feedback control fashion.
While the system 300 is acquiring post-processing metrology data from the first set of
semiconductor wafers 105, the processing tool 510 sends the second set of semiconductor wafers
105 to the process chamber 630 for processing (block 950). Meanwhile, the data acquired from the
first set of semiconductor wafers 105 (ie., the pre-process metrology data and the post-process
40  metrology data) are used to perform a metrology feedback for a wafer-to-wafer feedback loop 705
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cascademetrology data The steps described in Figure 10 can be used to acquire pr -process an post-

process metrology data, as indicated in blocks 910, 930, and 960 in Figure 9. The completion of the
35 steps illustrated in Figure 10 substantially completes the process of acquiring inline metrology data,
as indicated in blocks 910, 930, and 960 in Figure 9.

Turning now to Figure 11, a flowchart depiction of one embodiment of performing the
metrology feedback steps indicated in blocks 945 and 975 of Figure 9 is illustrated. The system
analyzes pre-process and post-process metrology data relating to a particular set of semiconductor

40  wafers 105 (block 1110). For example, the pre-process and post-process metrology data relating to
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data ( ngﬁIfaomFaQ)(CIM)nFramaN&mmpwmnbysténh@ecnaél@g@samﬂ i baisetl onaihe Adoanear ed
to a predete cificatjon.t,o

exanpl e8 ot BI"IQI IIEFII'S %a'I’%W%II(t I%IIIIIC ele%ésII 24 “on I'\SZJnsa%g{wc IeOﬁofﬁI:%M

sem conBacewerkwdregin Poghiteciureloasa ARG &S@N& E9grogeet diremisinng! Peerdisation fac &8t abl e

Vgl ;Jﬁs Pxfam%IrI/GrIR A@vsﬁ&a%ce@@m@som&n@ﬁty E;Ie%ﬁibat@hmg%sll&lyv@blw@%,frdhhSEMangI e
(0] e

300°8 heRMARSE & P APHATY BT KHEH FolPEFE"CT Bt B Best oot o paEed =
pr edet einmntied lrasges embaiioets disl APG abubds o obtoykwidel SEware\ysiem ftherafgret iaen 300

det er mi 9&1‘1‘}0%&:‘3 gl%@?augﬂt%%%t&é‘steﬁgn\?ernﬁ&f ca'nsbe%f:heeltﬁ iRy anysrededaidshaRerr ange
of acceptabl e val ues gst em 3 gener al y
manufacturing tools on the factory floor. The APC framework also allows for remote access and
monitoring of the process performance. Furthermore, by utilizing the APC framework, data storage
35 can be more convenient, more flexible, and less expensive than local drives. The APC platform
allows for more sophisticated types of control because it provides a significant amount of flexibility in
writing the necessary software code.
Deployment of the control strategy taught by the present invention onto the APC framework
could require a number of software components. In addition to components within the APC

40 framework, a computer script is written for each of the semiconductor manufacturing tools involved in
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ignores the error and continues normal processing operations (block 1140).
When the system 300 determines that the error detected is outside an
accept abl wopisadssser m ned range of acceptable val ues, the EyFT®MR300

cal cul ates an adjustnment factor for the control input parameters for

subseq L{ﬁé" I:on?rro & WoheRfa moﬁ%%#%é?iﬁfamﬁr%r@ol e @Q*tfécgysﬂeﬁﬁg)startédl inQRe
enbodi nment Ications 15 to co Ei i nput rder

to red LP@@'QOH@JC%F@EW@‘HW@E g & ge'ﬁ{@ ‘é‘i‘i‘f‘?oiﬁ”@ﬁ% quﬁeﬁ%%?&gn rﬁg'sé%ﬂugﬁ ated
adj ust m@nhe plloﬂes@rodﬂl‘olIérpsddﬁ[ds&hiﬂ%ﬂerlahmntroller s Titeseeptrelmoetipds @es ganagliv fiefined
S€m co acllwldgxte%r{nne | {hésfels%ﬁpt% b I‘I'Ré: gev]epog%nt o Wes@&fi‘lﬁﬁlcﬁn C&Pﬂisé'acé?d:nifi@ﬁﬁ pbf@ort hea

control trench structure subgtrate of
sem%orﬂidb@ éevemrr@nt i C%{’rt@' ﬁﬁé?é“ 1 J he [ipHelps faught Ry th? WéeSSEtC'UYe& Qn gn be
subsgqu gbmbﬁtedﬂﬁatb %ﬁe}f%éyéﬁ&nufﬁbﬁrlﬁﬁmksﬁet hod described in F: gure ]_:Ll
can be 2 or ne or, a.waf e p or a
run-to-run ?@Ed%tbcﬂla SrHP?dbmer]ts dlséIS)ng%bg\ﬁ~| r%%lﬂl@@%&e oﬂl? ?57 Q‘E I%Pi@eﬁ?)ﬁﬁe

i nvent i roediftedrand gragtidet |Irz@lﬂerﬁlﬂirbuhewaleé‘t Yansers e é%tsf? ﬁ‘@%?'ﬁ'@édh?“@@“l hgving

sem congyl GleRksit %?‘fl'\é’?eaefﬁrﬁb\éf ﬁ&&lh‘r | P@therhite, i MAitaBbS areaitighdeddly thbadefile sent

i nvention can [ vanced

Fr alfewotorst r“§ﬂ‘?fh° %‘mé %ﬁfeéﬂ W"SQ@?F @?'B]a? g?%ﬂg%(ﬁ'nﬁﬁic%eﬁ%?ow I &c %ﬁfore

Cat al ysévideBGthatythe eartingdarserSedineotsddiedased Boavepnaynie alifdedvert ipdifigdsand all such

| nternaj oAk fSEMs r@@wmﬁe geap%ganats%ﬁ.t Weme fi@htibhi Nebcbdin gﬁy i RUBEK
conpliant sy sten1tecﬁ 1es, and is based on the Advance Process
Cbntrolﬂwﬂﬁ@?“ﬁW%ﬁﬁ%ﬁpﬁh' P%F@@Eﬁ?°ﬁ81 0699 - Provisional Specification for
CIM Framework Domain Architecture) and APC (SEM E93-0999 - Provisiona
Specification for CI'M Framework Advanced Process Control Conponent)
specifications are publicly available fromSEM. 30 The APCis a preferred
platformfromwhich to i nplenent the control strategy taught by the present
invention. In sone enbodi nents, the APC can be a factory-w de software
system therefore, the control strategies taught by the present invention
can be applied to virtually any of the sem conductor manufacturing tools
on the factory floor. The APC franmework al so allows for renpte access and
nonitoring of the process performance. Furthernore, by utilizing the APC
framewor k, data storage 35 can be nore convenient, nore flexible, and | ess
expensi ve than | ocal drives. The APC platform allows for nore

sophi sticated types of control because it provides a significant anount of
flexibility in witing the necessary software code. Depl oynent of the
control strategy taught by the present invention onto the APC franework
could require a nunber of software conponents. In addition to conponents
within the APC 40 framework, a conputer script is witten for each of the
sem conduct or manufacturing tools involved in -12 WO 03/038888

PCT/ US02/ 25402 the control system When a sem conductor manufacturing tool
in the control systemis started in the sem conductor manufacturing fab,
it generally calls upon a script to initiate the action that is required
by the process controller, such as the overlay controller. The control

nmet hods are generally defined and performed in these scripts. The

devel opment of these scripts can conprise a significant portion 5 of the
devel opnent of a control system The principles taught by the present
invention can be inplenented into other types of manufacturing franmeworks.
The particul ar enbodi nments di scl osed above are illustrative only, as the

i nvention may be
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nodi fied and practiced in different but equival ent manners apparent to
those skilled in the art having the benefit of the teachings herein.

Fur t her now®, 0308488 m t at i ons are intended to the detail s ofPCiQuspensteucti on
or design herein shown, other than as described in the clains below. It is
therefore evident that the particul@aggbodi nents di scl osed above nay be
altered or m)dl fied and all such variations are considered within the
scope and spirit OfMeee OHPESRY on. Accordingly, the protection sought

herei n i s asreseiting afistsemicondietor wafentl 09)dbramcessir®; WO 03/ 038888 PCT/ US02/ 25402
CLAIME 1. Adgl éq)gseCBRMﬁlédna&torrm%@k%mr ﬁocfe‘sélﬁé af@m conduct or wafer

(105) for proces recelving a second sen 2 fﬂ‘. % I?
processi ng; a?ffﬂ’”gn%ér"%‘faﬁ‘? rﬁ’@’césst‘f’gsqpﬁfféc"b?"%?@e??l H% a&ﬁéﬁgﬁe&l‘ UFOIPPRRICE £ i r st
and said second s@amsqnompwwemmfde:asca(décmﬁ)cessmgecrperatlorsamrdprtsasemdemg pre-

Processing oper al el lolod P Gai8 Gtk &aﬂgamoge?%qgiig@oﬁau&awé&% déig at

related to said s€cond sem urin ea

of a tinme period lﬁﬁ@@d@%'oﬁé’fﬁt'f‘?ﬂ@f'o%‘éﬁﬁ@%ﬁﬁﬂu@? %‘f“‘(@@?f (103) 'BgF'E%
processed. 10 2. Jlages8®i.hod described in claim1l, further conprising
acquiring post-process netrology data relating to said first sem conductor
waf & (105) during at least a portion of a time period wherein said second
sem conduct o. waf &he (M@F) idescibéchdn plabp e s Bether] Sorgprising e 2¢AMRG dPA§EREFSSBed i n

claim 1me%18§yeaema ASIHG 1t B8l mrsesahemaoméfépm@)yd@.ag at 1kt 4 ertiorc 6MPms es
acquiring [ OCEeSS trol g{gﬁ a} U@é%% an int e%rglt ed netrol ogy tool
(310). HG”WH‘@‘e AP RN SPTIS Ftﬁ”ﬁ’%r BZRE PECR™8% qui ri ng post - process
metrol ogy data further conprises acquiring post-process netrol ogy data

usipg an intggrat ?qe Hﬁwo@ld%gé/rlbﬁﬂ)% clad @) whgr@|n5acq[[hﬁ§ Bﬁtﬂ?&%sg‘ﬂﬁa@rblbaﬁdaté n

claim1, wherein ormn cascade proce aid first
and sai @r@@é‘@ﬁ’ﬁ“%"éﬁ%ﬁalﬁfﬁ%?ce\ﬁ%fnévo'?gl’d%? “F'ﬂ? F"Fug‘ fe9 (T"FQP tgogog ydgg(gu ring
pre-process netrology data related to said first sem conductor wafer (105);

processing sgid fiyps K‘neﬁgg" C%Q(EHBQ&; tlrf ElaWﬁ e\thé’é‘tlQ %):?Lﬁ}fnb eﬂostaﬁrgéﬁsg infroR§) Hata

pre-process netrolo ata re sai d sem conduct %r waf er
(105) : &EHENi OMREsep @@Lﬁm@eﬁ@rwe%%?tt?@,@y P@P HgiReen 'Btegfa fed "?&8'8%“% % onduct or
wafeg (105) during at |east a portion of a time period wherein said first
sem conduct or, waf (2 p S C

met r ol ogy data reﬁéﬁ eraeQr?Jd lagéﬁ Ol Er{s%%ﬁﬁs@g"c’)hngﬁg%gﬁb g %35%50% g'%;éeesrsmgSO
sai d pr opestionnigortaicisst@nd paid secorpamutRItieaQs WatRhf18p) fWi*I?S?"mFﬁ'F%%esm ng said
second sem cQpgiip pre-phedess metdiSoy odtarrua@d @t salddies serficgratdtoronsi@f108);t i me peri od

mfe (r._)rel ? 188)5 s p orggsgﬁxé Susaggfh tosgrﬁ\g:\énguc oF waFer ?‘fogfjaﬁe(? a%c?d r%gféafdsﬁre %%%&OHQ%%Qr

25 data related to said first semiconductor wafer (105);

acquiring pre-process metrology related to said second semiconductor wafer (105) during at
least a portion of a time period wherein said first semiconductor wafer (105) being
processed;
acquiring post-process metrology data related to said first semiconductor wafer (105) after
30 said processing of said first semiconductor wafer (105);
processing said second semiconductor wafer (105) during at least a portion of a time period
wherein post-process metrology data related to said first semiconductor wafer (105)
is acquired; and |
acquiring post-process metrology data in response to said processing of said second
35 semiconductor wafer (105) after said processing of said second semiconductor wafer
(105).
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acquiring post-process netrology data in response to said processing of
said second 35 sem conductor wafer (105) after said processing of said
second sewiocodssssor wafer (105). -14 WD 03/038888 PCT/ US@ai@®402406. A
system for perform ng cascade control of processing of sem conductor wafers

(105), CHARACTERI ZERuLN ifHAdorming &aSitad RBMFP P hictbdfig & niifof@RDS wafers
controller (350) to performa cascade process operation, said cascade

process{!0®per ati on conprising: acquiring pre-process data related to a
first senhRATTBRIZED INVEHAS, (105); processing said first sem conductor wafer

(105) r ' iring of said pre-process data relating to said first
sem coralthég)f%e?@%/o\g?pggg%lOS)' 10 acquiring pre-Process ataaﬁﬂil ated to a

second semi coRWGRSSHIONRIPR F350) t9syerfod @i GAEFade PrasEEY ORPrEIgR $ahoa5Fady RGeS
peri od wherei n sapgdrdtib sdmpriagi conduct or wafer (105) is being processed;

processing said second_seni C - : Ir dafRE@bs) 1 ng of
sai d pre-process data ?%’FQP%%Q%EOC%%%%%%HS&%@%%ﬁ]ﬁﬁ%@?{q’\?\afgr ) 15 (105);
acqui ri ng post - pr ocesspraeassing apig tfiesy serpicengiefor wafet (199 eb id 2eIngaf 881d ( 105)
during at least a portion OpredrddesEdditrelatil &Il @ishsepidotdit aafdr (105);

sem conductor wafer (105)..is bein r.ocessed; acqui ri : T at a
relfed to said second® WF%(B’FFG?R%SIE’)dé)\%frg?tggé%%(s%gﬁd a "%ﬁ&}scgj?g}g%?g@es si ng
of said second semi conduct ofuringf &t leagt1@5partican of @ itime eeliod aWeereiet sl JEY dat a
storage unit (320) operati Velcsaudbramkid 01085k BeiRy proéssed;cont rol I er (350),
said inline cascade netrol o data storage unit 20 o.recely |.east
one of an inline pre- pPTBE%ggﬁégrﬁ?Fﬂﬁyseﬂgﬁoag%ﬁod | (%lﬁ)naételbgag(i 2 %qrug']é S o5
metrol ogy data; and a feedbaaikpfemoecbodatarrdaigdite sqig g@yondpremigondusioy wetsipl ed

to id process controller g@gp) and said inline cascade netrol ogy data
storage unit (320), said feedback/feed-forward ucg'g(t §580% t? per f { a
feedback function in r@eybiAg @ostproresy data felaleriopgalds ishssmitanae °rﬁﬁae-r8 ess
metrol ogy data and sai d i nl divhgpatskeagdreopetion wetar trhe ggricthvhere®0saiki sgcond

conputer Teadabl e program sLgragR,dGlAs (RBFRAEH obdsbdist r uct i ons that,
when executed by a conputer, pertorns a method I Sing:

! ( L C , corrgrl sing. recei viapeg a
first sem conductor waPewiring Post-Aresesy daigerelatadgio saic SaTPf rfﬁg‘&O%dé‘EtBFl&’
senmpgonduct or wafer (105) forospaAaessd P@cesding of said second semiconductor wafer
(105);
an inline cascade metrology data storage unit (320) operatively coupled to said process
controller (350), said inline cascade metrology data storage unit (320) to receive at
least one of an inline pre-process metrology data and an inline post-process
25 metrology data; and
a feedback/feed-forward unit (580) operatively coupled to said process controller (350) and
said inline cascade metrology data storage unit (320), said feedback/feed-forward
unit (580) to perform a feedback function in response to at least one of said inline
pre-process metrology data and said inline post-process metrology data.

30
7. A computer readable program storage device encoded with instructions that, when
executed by a computer, performs a method, comprising:
receiving a first semiconductor wafer (105) for processing;
receiving a second semiconductor wafer (105) for processing; and
35 performing a cascade processing operation upon said first and said second semiconductor
wafers (105), wherein said cascade processing operation comprises acquiring pre-
process metrology data related to said second semiconductor wafer (105) during at
least a portion of a time period wherein said first semiconductor wafer (105) being
processed.
40

-15-



35 perform ng a cascade processing operation upon said first and said
second sem conductor wafers (105), wherein said cascade processing
oper at i oNnwWOoIBI38SBES acquiring pre- process netrol ogy data r@lesoeds4e said
second sem conductor wafer (105) during at |east a portion of a tine

period wheregn sairfe Edrﬁgﬁeﬁ%@@ﬁ@@n‘éﬁ@br&@dﬁvicé%Q&be@ﬁitmmstr@ﬁ&@m,%en‘m
-15 WO 03/ 03(2588 PCT/ U

02/.25402 8. The c uter. r abl rogram st orage

devi co. BEBRLEY GioPIPHRS PROTT S P ReH Sesiiteh 1 et (ote magol R Hrdirars
per f or mecquhieg pest-pudestasarddge datarrelgtingitorsdld finsheemicontientor iwafer KHI0) duwinp et lepsig
acquiri Egorﬂﬂwgéf'aﬁiﬁﬁcp%ﬁ&i WRSrEiR 5 8@ ¥ecdid Senli@hdickdd YrateP (198) kinli protkssegm conduct or
wafer (105) during at least a portion of a tinme period wherein said second
sem ¢onduct or wafer (105) being processed. 5 9. The conputer readable
program st or age d@hé cenpeies osteldblaptobrannsdragecdevisa sndduad wittwinstructians dietitvdenby a
conput e : NI , . Lri

bxecliEl flgrgltfa%rr%gt%r Eﬁ%ﬂg tﬁiéaﬁ'\%{hbcjp §ShchibbdCih 2ialfh 7; wHbIEh SbaLifG Pri-proBks

pr e- process . urther conprises acquiring pre-process

et r ol ofiptreleayAaladimier SPMPriseR aetBe PRI ICEPH§Irolos Gpta(Using RN injegraiesl metrplogy
conput ekool @@abl e program storage device encoded with instructions that,
V\/ne:}o executed by a conputer, perforns the nethod described in claim7,
wher ei

n performng a cascade processing operation upon said first and said
second seni céhduct s carpuéar r¢atielly progiemtigragentryice saepdedwituinplustions that. pyheBes s

et r ol ogyecHial By brRMpsRt, hefibringiths RBIE Bbdflearin WRINE 7, WIS pertdmipy @CRS&IdBY
said first sem contduct or \1@1 ar &nlo‘i% i n res(poogsq?0 to sr@ltog ﬁa}&%w ri ni% said
pre- pr BPESENGAPSTAI0] MHO AL IIrpt AgH AT pRFoRq FeLPCoNdIRTr R, EY0RH IS SPMRTES) |
acqui ri ng pr esquiriog erepreness wetoggayfdetaritorsald fisw semidonsieetproafei(tdSbr waf er (105)
durijng at | egptessiig PR i8N s@hichalidtérews&’ {108) WhRESInBe S&tisdidf dchSifing said pre-
sem conduct or waf er é%]i-?'? bei naq ﬁir_loc‘ﬁ@sed' .20 acqui {fl@ 5post-pr ocess
metrol ogy data frBRFESIFIPlonstata ke sad iaiselycondctEr We'eh g)rn response to
sai d processbeayiriof psgireceks metrolsgnfraposeitusscond sefiendidd afer (105L dwivg aylessli d

second sem Conducgoﬁo%fﬁa(t%}dﬁﬁd& WESAPNSR Fi% S&hoRGA Whidd 6@%‘5 Gehif e-
process netrol ogy data fromsaid second sem conductor wafer (105) during at

| east a portion BP°eedne period wherein post-process metrol ogy data
rel abed to sadqirihg hedt-praebssSaairalagy deatfiom saaf fest serb@byducter aefgui108dy reapahse
acquiring post-pragc : . [; .sai d processing of
said second sem é&’os% 5‘%%%&%61?%%{“34% n{.'éa-n qlgﬁ?%%?“tog)’

processing said second semicon

uctor ‘wafer (105) in response to said acquiring said pre-
process metrology data from said second semiconductor wafer (105) during at least a
portion of a time period wherein post-process metrology data related to said first

25 semiconductor wafer (105) is acquired; and
acquiring post-process metrology data in response to said processing of said second

semiconductor wafer (105).
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