1 METHOD AND APPARATUS FOR CASCADE CONTROL USI NG | NTEGRATED NETRO_OGE
TECH NCAL FIELD 5 This invention relates generally to sem conductor ~ SEP 2004
manuf acturing, and, nore particularly, to a method and apparatus for
perform ng a cascadi ng processing of gerri conduct or wafers. BACKGROUND ART
WO A- 99/ 61320 descri bes a stackabl e cassette for use with a base cassette
10 containing a batch of sem conductor wafers for processing. During
processing, wafers in the base cassette are processed and returned to the

base cassett e. METEQD AN APBARNTYH FOR CASCARELQNARQY SN Gdesi res to

i nspect a test wafer, the t f d in the stackable
cassette, instead of the ba@%@éﬁ%@#&%ﬁo@gessi ng. The stackable
cassette may then be renoved for inspection of the test wafer, whilst 15
processing of other wafers in the base cassette continues. The technol ogy
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require a nunber, 20 of inputs-that are generally fine-tuned to nmaintain
proper marstPEOPHGNGYERt rol . The manufacture of seni conductor devices
requires a nunber of discrete pAEREFOENDPSRIC -Create a packaged

sem conductor device fromraw sem conductor nmaterial. The various
processes, froMVORA-3H61328]degeribes la sticknble meneite doduset with anbdserdasdeftet he
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packagi ng vadfers ihithébadecsdshéts At prb@sedntdelcffindEld iR, badé Ragertdli fiFghent from
one another and specialized that the processes may be performed in
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Thi s et chingy prdovsevative unamfacturing peodesses. Today's manufacturing processes,

particularly semiconductor manufacturing processés,' call for a large number of

important steps. These process steps are usually vital, and therefore, require a number
20 of inputs that are generally fine-tuned to maintain proper manufacturing control.
The manufacture of semiconductor devices requires a number of discrete
process steps to create a paékaged' semiconductor device from raw semiconductor
material. The various processes, from the initial growth of the semiconductor
material, the slicing of the semiconductor crystal into individual wafers, the
25 fabrication stages (etching, doping; ion implanting, or the like), to the packaging and
final testing of the completed device, are so different from one another and
specialized that the processes may be performed in different manufacturing locations
that contain different control schemes.
Generally, a set of processing steps is performed on a group of semiconductor
30 wafers, sometimes referred to as a lot. For example, a process layer composed of a

variety of materials may be formed above a wafer. Thereafier, a patterned layer of
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of: various features or objects in the process |layer. Such features_q’rggp L
used for a 5 gate el ectrode structure for transistors. Many tines, trenc
structures are also formed on the substrate of the sem conductor wafer.
One exanple of a trench structure is gg shallow trench isolation (STI)
structure, which can be used to isolate electrical areas on a

sem conduct or wafer. Typically, STl structures forned on the sem conductor

wafers are filled by form ng silicon dioxide using tetraethoxysilane
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For certain processes, the manufacturing data acquired fromthe waf ew}%k
may involve a 15 pre-process screening of the sem conductor waf ersl 9p5!
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When the manufacturing system determines that additional processes are not to be
performed on the semiconductor wafers 105, the manufacturing system may acquire post-process
manufacturing data from the processed wafers 105 (block 250). Generally, the post-process

30  manufacturing data includes measurements of a plurality of structures formed on the semiconductor
wafers 105. If there are other semiconductor wafers 105 fo be processed, as determined in block
260, the manufacturing system acquires the next wafer 105 to be processed and repeats the
processes described above (blocks 250, 270). Alternatively, if there are no additional semiconductor
wafers 105 to be processed, the manufacturing system stops the processing mode (block 270).

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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processi ng of sem conductor wafers. A nethod and an apparatus for

perform ng cascade control of processing of sem conductor wafers. - B\ JEP r2804
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data; and a feedback/feed-forward unit operatively coupled to the process controller and the inline
. cascade metrology data storage unit, the feedback/feed-forward unit to perform a feedback function in
response to at least one of the inline pre-process metrology data and the inline post-process

30  metrology data.
BRIEF DESCRIPTION OF THE DRAWINGS
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;




Figure 4 is a block diagramrepresentation of a systemin accordance wth

an alternati ve illustrative enbodi nent of the present invention; -Flséﬂrz@’*S
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speci f erbatioérts hamoiase bérm shadeby wayclexemple frhtbe d@wisb® p'éi %'”e hgfp'?MeF‘Ff@e@oal s '

such ag c%FHTp\t sﬂmbé/\ﬁﬁdgrstoébf %@rir ech?ﬁtl@déé&ﬂ)h%réi@éﬁspé&ﬁoaén%dlﬁﬂﬁl@ﬁg ot Nt S
whi ch w ment a
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or% naéé’deﬁfﬁé&ﬁyﬁé‘aﬁ fdddaimdavi ng the benefit of this disclosure. 35 There
many di screte processes that are invol ved |n§ﬁ_§ 1. conduct or

manuf acturing. Many tMQRES) EQRGARRYNE QUTHER VY st epped t hr ough
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met rol gy dabAan | RSP InRHGEIGE LAY QoML Bist §ecfiiBn. PYIP GRS 8 Bofée 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 tools. 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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pend or metolodyhiida relating to the first set of semiconductor wafers 105 in at least a portion of a time
period, during which processing of the second set of semiconductor wafers 105 is performed. This

cascading process provides for more efficient processing flow in which a plurality of semiconductor
wafers 105 are processed and analyzed. In one embodiment, the pre-process and post-process
metrology data is acquired using an integrated metrology fool, which is described in more detail
35  below.

Data acquired by the integrated metrology tool 310 is sent to a metrology data analysis unit
560. The metrology data analysis unit 560 organizes, analyses, and correlates metrology data
acquired by the offline metrology tool 550 (see Figure 5) to particular semiconductor wafers 105 that
were examined. The metrology data analysis unit 560 can be a software unit, a hardware unit, or a
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t hep analysis. The process of performing the cascade processing function illustrated in Figure 4 is
controlled by a process controller 350.

Turning now to Figure 5, a more detailed block diagram of the system 300 in accordance with

one embodiment of the present invention is illustrated. In one embodiment, semiconductor wafers

105, are processed on processing tools 510a, 510b using a plurality of control input signals, or

35  manufacturing parameters, on a line 523. In one embodiment, control input signals, or manufacturing

parameters, on the line 523 are sent to the processing tools 510a, 510b from a computer system 530

via machine interfaces 515a, 515b. In one embodiment, the first and second machine interfaces

515a, 515b arellocated outside the processing tools 510a, 510b. In an alternative embodiment, the

first and second machine interfaces 515a, 515b are located within the processing tools 510a, 510b.

40  The semiconductor wafers 105 are provided to and carried from a plurality of processing tools 510. In
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30 and the like. As described above, the metrology data analysis unit 560 organizes, analyses, and

correlates metrology data acquired by the metrology tool 550 to particular semiconductor wafers 105

that were examined.
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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30 and a fifth through nth set of semiconductor wafers 105 can be processed in the cascade fashion

described above for efficient usage of the processing tool 510. Furthermore, more immediate use of

metrology data for feedback and feed-forward processes are possible using embodiments of the
present invention.

In one embodiment, the sysiem 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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i npit pEmiznedugios wélbtsoldle for processing (block 810). The tool control unit 620 in the processing tool
510 receives data and control input parameters via the equipment interface 610, for processing the
incoming first set of semiconductor wafers 105. The system 300 also sends a second set of
semiconductor wafers 105 to the processing tool 510 for processing (block 820).

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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30  process metirology data acquisition is performed by a separate post-process integrated metrology tool
420. In the illustrative embodiment described in Figure 9, the pre-processing metrology data and the
post-process metrology data are both acquired by the integrated metrology tool 310. In one
embodiment, the post-process metrology data can be used to modify control settings to modify
subsequent processing of semiconductor wafers 105 in order to compensate for errors from previous

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 (i.e., 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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acquisition, so the computer sys em 530 can execute an operation that is responsive to the inline

metrology data. The steps described in Figure 10 can be used to acquire pre-process and 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 860 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 refating to
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control strategies taught by the present invention can be applied to virtually any of the semiconductor
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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tr enChtq?aF?"Sﬁt gfn@e tgacR%Hs h%@ﬁec?ﬁﬁr{érrh&e I@?mﬁ%ﬁﬁ?%};’g\%nﬁw% RK&ERaiR of

determ error 1s out gr edeterm ned range
of 1&iccepnstittion waesian fiasein skovim Bther thaneas deseribeq &y bemolsies BRI NimALEHatL t he

10 det ggbad Rk pdrt%ulépbm%ﬁlrﬁérﬁﬁ dRcIPdcadRofy May8d alterager alodisarant albsueh

val ues, the system eral n n& angﬁ e

pr oces ¥ATRY° FaFPF%% @ﬁw&ﬂ“ ﬁ?ﬁ gncs\f'f’é%qtf e ! Ves]?én Fﬁ'&gfi% %tggﬁ)ﬁﬁat

t he ersmmhd&mmmbeﬂsﬁﬁxwunQw@@wmﬁ@mmeptabIe predeternlned range of
acceptabl e values, the system 300 cal cul ates an adjustnment factor for the
control input parameters for subsequent processing of sem conductor wafers
105 (bl ock 1150). In one enbodi nent, nodifications 15 to control input
paraneters are nmade in order to reduce the detected errors. The system 300
then inports the calculated adjustnents in order to inplenment them on
subsequent processing of sem conductor wafers 105 (bl ock 1160). For
exanple, nodifications to the control adjustnents for formng a trench
structure on the substrate of a sem conductor wafer 105 are nmade to further
refine the accuracy of subsequent trench structures. The feedback nethod
described in Figure 11 can be 20 perfornmed for a wafer-to-wafer feedback

| oop 705 as well as for a run-to-run feedback control |oop 700. The
teachings of the present invention can be utilized for a variety of
processi ng procedures in sem conductor device manufacturing. The
principles taught by the present invention can be inplenented in an
Advanced Process Control (APC) Framework, such as a Catal yst system

of fered by KLA Tencor, Inc. The Catalyst 25 system uses Sem conduct or

Equi prent and Materials International (SEM) Conputer |ntegrated
Manufacturing (CIM Framework conpliant systemtechnol ogies, and is based
on the Advanced Process Control (APC) Framework. CIM (SEM E81-0699 -
Provi si onal Specification for CIM Framework Domain Architecture) and APC
(SEM E93-0999 - Provisional Specification for CIM Framework Advanced
Process Control Conponent) specifications are publicly available from SEM .
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30 The APCis a preferred pl atformfromv\hlch to |rrpl enent the contr %& L
strategy taught by the present invention. In sonme enbodi nents, thel 2@%\
be a factory-wi 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 renote access and nonitoring of the process perfornmance.
Furthernore, by utilizing the APC franmework, data storage 35 can be nore
conveni enELAIMISe fl exi ble, and | ess expensive than |ocal drives. The APC
platform allows for nore sophisticated types of control because it
provides a significant amount of flexibility in witing the necessary

sof tware gode. 5 ga?é the control strategy taught by the present

i nvent i on ‘ont o t@%ﬂ{oﬁp ms%vork could require a nunber of software

~ conponents. IrreemldngacﬁmsttsanmanﬁnmﬁWafew(lOﬁ)hrpﬂmeeséiﬁ@ 40 framework, a

conputer script is writte for h of the sem conductor manufacturing
t ool invol Vede@qx,wng_gsecog SEPICQB @9‘7@@@8‘?81’@@%‘5@80"2}(125402 the control

system when RihANIUELee PRAMAR! U5kl GRln bl S ERNIO ectiFL o | ©

started in th sem manu r| ng It gener y calls upon a
scri pt t csemidomidadter Waﬁ:raﬁosonwﬂlhmin sadrmcpade guocelying bperptier esmprisesit r ol | er -

such as the overlay controll iar ;ﬁr{e contr ol thod3 are gnerall defi ned
and perfoq‘zﬁ\é‘é‘ngri’r?ﬁé%‘@s%mrﬁ%y 2 related|te $ECORa (SRRIEDAUGIPN, WAICE 5y

conpr i secqioﬂ&mn 'at:ﬁ;a&t rﬁbx@ﬂf?h&fe h6d davel mmb&&maoxﬁa%f%feﬁyst em

The principles taught e presen |nvent| on can I npl enmented into
ot hE} t ydéQS)ofS bmrgjpmeascd negid pemprevess snetiiogypdata being aacqeingsbusing At s

di scl osed are,illus i only, as the invention may be nodified
and pract’ % %rfnﬁf‘?l?%yrté)ﬁtéabtx@aui val ent manners apparent to those skilled
in the art -having the benefit of the teachings herein. Furthernore, no

limtations are intended to the details of 10 construction or design herein
shown, other thanethed axslaimedin chimnke fuithérmonipsising, acuiring pAsEpEress e

evi dent _thatoble opar itk A_SRPIFLTENLS, M55 0595 ABRY RuERY oPFesdl her ed or

nmodi fied an fons are cons ‘ scope and

spi 15t ofpdriien bfiaetihe prriod\ovieeln ngidy secofd sghigbidiictadnwafso (II5) ihéeiagn i s as
set. forth in the clainms below. - 8 SEP 2004 CLAIMS: 1. A nethod,

- -conpri si MYO°SEei ving a first seni conductor wafer. (105) for processing; 5
recei ving a second sem conductor wafer (105) for processing; and.performng
a cascade processing operation upon said first and said second

senm condukt or Avakethed ad oBjmedvire chaim 25 avlgraim acqudeng postguecass) neprologyi on

conprlses r|n rocess netrol ogy data | at ed to sai d cond
sem conducﬁt%&‘% P?T%?W%&%?‘P@égen%f%tﬁ %@gra i od
whez@i n &aetdolbgyﬁ)u@qmmguctor waf er

4. . A method as claimed in claim 1,2 or 3, wherein performing a cascade
processing operation upon said first and said second semiconductor wafer (105)
further comprises:
25 acquiring pre-process metrology data related to said first semiconductor wafer
(105);
processing said first semiconductor wafer (105) after acquiring said pre-
process metrology data related to said first semiconductor wafer (105);
acquiring pre-process metrology data related to said second semiconductor
30 wafer ( l»OS) during at least a portion of a time period wherein said first semiconductor

wafer (105) being processed;
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10" (105) is being processed, said pre-process netrol ogy data beinggﬁggp@ Fd
using an integrated netrology tool (310; 410). 2.- A nethod as cl ai

claim1, further conprising acquiring post-process nmetrology data relating
to said first sem conductor wafer. (105) during at |east a 15 portion of a
time period wherein said second sem conductor wafer. (105).is being
processed. 3. A nethod as clained in claim2, wherein acquiring
post - process nmetrol ogy data further conprises acquiring post-process

met'rol ogy dat a agquinigg apost-proegssamettolog? OdAR eIt LAP!firlBIhnicdmbeor 4 A
met hod as Vg%a @5%{} C|.€I m1l, .2 or 3, wherein performng.a cascade
processi ng f)’le T & R@’&?W&‘?ﬁ%&dﬂfﬁtjs@amildsetonwdfeselr%);onduct or wafer
(105) further 0¢84k i § L re-pr .etrol ogy. data rel ated
Lo shid Tirst dooyounsdd sccdndsalcopBubt ot 008K firipoctieast’s pasion of | -

seni condudttime perfiast wlhdrein)poaf-ptess Qﬂétfdlbé}@da(’i?%ég%t&f fo sallf fsf §e§nig§&d{1938g gy data
ess

rel ated t i i.rst semi conduct or wafer ;acquiring pre-pr

metro ogy%i%ﬁp%hléi“&“rfzgaé’éi d second sem conductor 30 wafer (105) .during
at | east a por iy : 1 per wherein said first sem conductor wafer
(105) bei ngpprtg(b:qeigrslgéol?as-ttﬂés%ﬁPﬁ%b'gg’gy ‘%&aqﬂ’i ?FP@%&?“-‘%P&“@W&@EM ogy data
rel ated t ée%ﬂdemicpsdumﬁm’(dw) dfter smfp%cegsmg%f afd %onﬁ?ge%' E’cfn%&éxsi ng of
said firs a%em@ﬁnduct or wafer (105); processing sal gecond. eem conduct or
waf er (10 d g at least a portion of a time period wherein
post - process netrology data related to said first sem conductor 5 wafer
(105), i s acquired; and acquiring post-process netrology data in response to

sai dopr oc8ssi ng systemiof pefwonng sesiade BuEbDbf i ) e id
%(%%S)n{gl%g sgﬁléﬁgg‘é%?*em of

processin ' econd_sem.conductor wafer . . f
per f or ni ng’a%féss@ggg cc%rﬁ'&%? Jn that SheRCamprisesii conduct or  wafers (105),
characterized hp;dcb@tcohfi@n@(gs(g%germq i §§§égg§ecp§r8%%§§ps%§t§<§n§§%{§| er (350) to

perform a_cascade process operation, sal &%t ¢%n
conpr i si nBrOCES QRPIOR CYRRISIREG cess data related to a first seniconductor

wafer (105); 15 pr I said first sem conductor wafer (105) after said
ac ﬂ]lfiéri ng of said %@gﬁﬁﬁg’g%g’g"’a%dm @@‘?‘ﬁﬁg" é}g seBvepndgter wafer (205);
seniteéonduct or - waf erpro¢@Sing saiddfirst efficdidcior aES . .10. a second
sem conduct or waf er 105), during at |east a po?%?kgtr?ﬁg};g%&%%g?é"%?ﬁod
wherein said f34pre-process data relating to said first semiconductorwafer (105);
acquiring pre-process data related to a second semiconductor wafer

(105) during at least a portion of a time period wherein said first

~ semiconductor wafer (105) is being processed, said. pre-process metrology -
data being acquired using anvintegrated metrology tool (310; 410);
processing said second semiconductor wafer (105) after said acquiring
of said pr'e.-process data related to said second semiconductor wafer (105);
acquiring post-process data related to said first semiconductor wafer

_(105) during at least a portion of a time period wherein said second
25. semiconductor wafer (105) is being processed;

20

acquiring post-process data related to said second semiconductor wafer

(105) after said processing 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

30 recerve at least one of an inline pre-process metrology data and an inline post-process

metrology data; and
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sem conductor wafer (105) is being processed, said. pre-process magrﬁpogm
),

" 20 data being acquired using an-integrated netrology tool (310; 41

processi ng sai d second sem conductor wafer (105) after said acquiring of
said pre-process data related to said second senm conductor wafer (105);
acquiring post-process data related to said first sem conductor wafer
.(105) during at least a portion of a tinme period wherein said second -25.
sem conductor wafer, (105). s beji ng, processed;, acqui rigg post - process data

related to sai @ %86 Teedrarwady st r (SRE)} aperativels) caynled tQ o594 &S si ng of

sai d seco ' u r f . 1l o o) dat a
st or age uﬁlglt1 ?%?%pgéd;tsfﬁgg@hg%g%e% lﬁé(}rdsl dag%r %@%gg%é‘gﬁﬁzg}ﬂ %?d (350),
sai d inli fieedbackifectbforearduinigyS8Htia miformgefasdbick(fBabjont in reSgomseceiave at

| east one_of an inline_pre-process netrology data and an inline B
post - pr oc &8t opgof cyaihynling: Bre-praeess meetesipgyydefa and sadpaling PeEYYeSEhar d uni t
(580)5 operaliyshyapoupl ed to said. process controller (350) and said

inline cascade trol ogy data storage unit (320), said

f eedback/ feed-forward unit (580) to performa feedback function in response
to at least one of said inline pr-e-Proce s,rretro[éégy, ata and said inline
post - pr ocdss FRIBPEPLERdble arogram glog vige ensadrdbveh pRYyFaeRSSIdy age

devi ce engadg @x%gugésa Bé{%{:(?rdé@lt%tg BErfbifd meﬂwagp c%ﬁsqjhfgxyggae%mﬁmyi 8

- performa netho any one o al s

10
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