WD 03/ 075342 PCT/ US03/ 05617 1 METHODOLOGY FOR REPEATABLE POST ETCH CD IN
A PRODUCTI ON TOOL RELATED APPLI CATI ONS This application is based on and

cl ai ms prwarastogsi#eom U. S. Provi sional Application Serial Adumis®s/05617

60/ 361,064, filed March 1, 2002. FIELD OF THE I NVENTI ON 5 The present
invention relates to a nethod and apparatus for nonitoring and controlling
processing carried out on a sem conductor substrate, and nore particularly
for controlling critical dinensions (CDs) of features fornmed on the

sem conductor substrate through feedback and feed-forward of information
gat hered during in-process inspection of the features. The invention has
particul ar applicability METHODOLRGYRYRARBAEATABLB POST conduct or ‘waf ers
duri ng manuf acture of hi gh- dEREHGDINMA PRODIGCTIONTOOES with subm cron
design features. BACKGROUND ART Current demands for high density and
performance associated with ultra large scale integration require

submi cron fBELATED) APREIGATHONSr ansi stor and circuit speeds and 15
inproved reliability. Such denmands require formation of device features

wi th high preci sThiS applicatioh iPbased ¥n anldclaliné PriblityTrdif CES SProdfsRhalL Al bglfiéé'uon
process nonitoring, Including frequent and detailed inspections 0O

devi ces whi §&idi RRWIRE 60Ak1 bk4'ﬁ1ec§ﬂfaré}f)f Mogh, sem conductor wafers.

i nportant process requiring care i nspection is photolithography, mherein
20 masks are used to transfer circuitry patterns to sem conductor wafers.
Typically, a series of such masks are enployed in a preset sequence. Each
phot ol i t hooraRIY HFBSE INOENIEON an intricate set of geometric patterns
corresponding to the circult conponents to be integrated onto the wafer.

PCT/ US03T 05617 Db AFTEPh IBIFEGom TASE dSehanethE Pl SRR Re fH MOBHERES dBfct
llayer) whi CéontflidpesBcdRkiagicatedYbout on a semiconductor substrate, and more particularly for
controlling critical dimensions (CDs) of features formed.on the slemiconductor substrate
through feedback and feed-forward of information gathered during in-process inspection
of the features. The invention has particular applicability for in-line inspection of
10 semiconductor wafers during manufacture of high-density semiconductor devices with

submicron design features.

BACKGROUND ART

Current demands for high density and performance associated with ultra large scale

integration require submicron features, incfeased transistor and circuit speeds and

15 improved reliability. Such demands require formation of device features with high

precision and uniformity, which in turn necessitates careful process monitoring, including

frequent and detailed inspections of) the devices while they are still in the form of
semiconductor wafers.

One important process requiring careful inspection is photolithography, wherein

20 masks are used to transfer circuitry patterns to semiconductor wafers. Typically, a series

of such masks are employed in a preset sequence. Each photolithographic mask includes

an intricate set of geometric patterns corresponding to the circuit components to be

integrated onto the wafer. Each mask in the series is used to transfer its corresponding



coated on a | ayer, such as a polysilicon or netal |ayer, fornmed on the
silicon wafer. The transfer of the mask pattern onto the photoresist |ayer
I s convenwioonsalkas2 perf ormed by an optical exposure tool sawsas/iossizcanner
or a stepper, which directs light or ather radiation 5 through the mask to
expose the photoresist. The photoresist is thereafter developed to forma
phot or esi st D##SR ontthée phetosensitisrel layerg(igolayplidtorssist ayenyorhith hay beeni greviously

I i vel ' Lth th k f f J h
s o gureed BRI RER SR ER ol o Mg TORter Rt B 6F bllbERmaiio e

desi gn rul etrassfér dfthe pidsk @atérA®ned theddtdrosidti 18ydras corentididly DefRshed by Wnes
define the spa%(f tol erance between 10 devices and interconnecting |ines
and the wi dPPHG! eXPRSUTS lplssuch @f@eraunst of @ siepper whichadirectidight or etber mdidtiones
donotoerh?&, ' t .30 her ' 4.The

desi gn r‘gl e [l tgiteir%ﬁg% ? ngggﬁ%og&ggsl&fehghégp #&lgge%s{ gslt){r}r’%ﬂe | grf]de(-v%@efi, to
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those skilled in the art will appreciate, photolithography oyl ng
to expose spigcessingoandsdesignrlissitasions.a Therstdssignirgles e the spacer tplecarst Ibgtveser

conpl i cghed reover desired feature i i dt hs _beco smal l er, .the
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extends . Lit hogr aph bilties by using a plasma etch step that can
physi call%y H’P%’&?P@ﬁ@&%ﬁ?‘?ﬂ LHIPARt or esi st CD by up to 30 percent. _
Specifically, af heklatdiprongs %é&ttnﬁ@&hagﬁé Kfipin 8 ma%m‘@ Amoﬁsgﬁgﬁd?ﬁ' st

devel oped, the wafer is brought to an et anber, a specl
desi gned " r theiastt widk apipresiase) ‘photolitographyt employing higltab leypase sub-ntictopifeatures oh

step that shrinks t si ze of the, devel oped resi feature., The actual,
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chanber .
20 exceeded. For example, 50-70 nanometer line widths are becoming commonplace, but

photolithographic processes are typically capable of producing line widths no smaller than
100-120 nanometers.  Thus, techniques have been developed to use photolithograpy
equipment to expose features that are larger than desired, then follow this exposure with a
process called a resist trim to "shrink" the exposed features to their final size. Photoresist
25 trim extends lithogfaphy capabilities by using a plasma etch step that can physically
reduce the printed photoresist CD by up to 30 percent. Specifically, after the oversized
features are exposed and the photoresist developed, the wafer is brought to an etch
chamber, and a specifically designed "resist etch step” is carried out, typically an isotropic
etch step that shrinks the size of the developed resist feature. The actual feature (e.g., a
30 polysilicon gate or metal line) is thereafter etched, typically using a different etch recipe in

the same or in a different etch chamber.



WO 03/ 075342 PCT/ US03/05617 3 As design rules shrink and process w ndows
(i.e., the margins for error in processing) becone smaller, inspection and
measur enewo @fo7s4ef ace features' CD, as well as their cregyswebsanal
shape ("profile") are becom ng increasingly inportant. Deviations of a
feature's CD and profile fromdesign di nensions nmay adversely affect the 5
perfornmance of tf@ dasigns Rdes shrink gnduproesssdwindows E@r.t ther margins tfore error in
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phot or esi st_.etch .steé)sﬁﬁ%q aﬂ_gate etch step, and the CD of the etched
feature i s PHOLYESIEO P OLET EXPBM S he.initial and final CD measurenments

are then used topadinédodBemBhfbrinSAid @riceling 0P vAERLA 18 eﬂf‘énmf@f stlddfinghe
lot to drive their CDs to target val ues. Accordi n% to conventional CD

moni t ori ng erecehinguketest waders fiony adpt ob fvaseyspvhoes fogesist has beemiexpased yand

measur i resjist featur [ nethe wafers and fhen neasurin
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wafer. Furthernore, feature profile is not neasured or taken 20 into

account wheRicaRcaBs (Glg-SEM)- cthewaises g5 then psocsssed thigugh 4 phptoresishpich step and
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tight process tol erances and the need for productivity inprovenent fro
t he bi || i orphsiterssistofeataresffatmest pm theawaferh andi then nmisesuringrigates) ivvbane off-line at a

SEM, and the CD of a particular feature on a wafer is not used to decide what etch recipe

is used for processing that wafer. Furthermore, feature profile is not measured or taken
20 into account when adjusting the etch recipe according to conventional techniques. For
further information regarding prior art techniques, the reader is directed to, for example,
U.S. Patent 5,926,690 to Toprac et al.
As Advanced Process Control (APC) is gaining \Afidespréad adoption with
semiconductor manufacturers, semiconductor equipment manufacturers are coming under
25 increasing pressure to provide integrated process control solutions. With feature sizes
shrinking below 130nm, the need for very tight process tolerances and the need for
productivity improvement from the ,
billion-plus dollar factories are driving the need for APC.
There exists a need for a simple, cost-effective methodology for fast and
30 meaningful identification and correction of CD and profile variation without significantly

reducing production throughput.or yield. There also exists a need for a robust and



There exists a need for a sinple, cost-effective nmethodol ogy for fast and
30 neani ngful identification and correction of CD and profile variation

wi t hout swgnisforssmt |y reduci ng production throughput. or PdTAUS®3/0Fhere al so
exi sts a need for a robust and WO 03/@75342 PCT/ US03/ 05617 4 efficient
appar atus and net hodol ogy for accurately carrying out resist trimand etch
oper at i ons.efiStipmpapagrtusTAEd | methedalosy Aor aerpaateligearning oyt pesis elmim jandeetth on
is the abi Id' Lot Sreduce CD and profile 5 variations in features formed on
sem conduct or Wwaféers w thout reducing production throughput or yield, by
utilizing information gathered during in-process inspection of the wafers.
Accor di ng tSUVMMARYeQETHE INEENIHON t he foregoi ng and ot her advantages are
achieved in part by an apparatus for processi ng sem conductor wafers,
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the nmeasuring tool and the processing tool; and a chanber for enclosing the
transfer nevaanusing afiost st of prongscparameter valnes;) arde peaspsspheondfigiresiteselect the

nsfer_mewk _ _ _
T oo nmron 86 set RERRRC! terbllor QRfhed (€ PR EERTEDTo] R0 b e Flckfipments of
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A further aspect of the present invention is an apparatus for processing a

semiconductor wafer, comprising a measuring tool for measuring a CD and sidewall
profile of a pattern on a patterned layer formed on an underlying layer on the wafer; a
processing tool for performing a process on the wafer using a first set of process parameter

20 values; a processor configured to select the first set of process parameter values based on
the measurements of the CD and profile; a transfer mechanism for transferring the wafer
between the measuring tool and the processing tool; and a chamber for enclosing the -
transfer mechanism and allowing communication between the transfer mechanism, the
measuring tool and the processing tool in a clean environment.

25 Additional advantages of the present invention will become readily apparent to
those skilled in this art from the following detailed description, wherein only illustrative
embodiments of the present invention are shown and described, simply by way of -
illustration of the best mode contemplated for carrying out the present invention. As will
be realized, the present invention is capable of other and different embodiments, and its

30 several details are capable of modifications in various “obvious respects, all without



those skilled in this art fromthe follow ng detail ed description, wherein

only illustrative enbodinents of the present invention are shown and
descri bedwosi3mpbgzby way of illustration of the best nodecowrsosnmiat ed for
carrying out the present invention. AS will be realized, the present

invention is capable of other and different enbodiments, and its 30 several
det ai | s ar eleparsiag| Gomf thepnivention | ohesordinglyy theydravahgs and desgiptionsareatol be

wi t hout WO 4 503/.05617 departing fromthe invention.

Accor di ngl f?ééaéé%rlﬁwg%éfgﬁgaw&ﬁq%(?i%ﬁ&g?c "#0 be regarded as
illustrative in nature, and not as restrictive. BRI EF DESCRI PTI ON OF THE
DRAW NGS 5 Reference is nmade to the attached draw ngs, wherein el enents

havi ng t he BRIEF DE@Q&%WQF@HEID%W% ions represent |ike elenments
throughogit, and R%{e bdlis mddedb Hfe attabReddrAviGS, %&&h%l@n&fntsaﬁbv £ addie
according to an enbodi nent of the present Inventron. kFigure 2 1S a process
fl ow di agr anfefence anmerdb delsigmationofeprdsentdile stsmentsthenighout, akDwhérgim: e 3 is a

flow chart illustrati.n eptial steps in a nethod, according to
erbodi mont of NEERie A ADIRRAHERBPY 20 SEp st R SRR the
represent aty0qst Pivedtidnm Process characteristics for use wth an enbodi ment

of the present invention. Figures S5A-5B are graphi cal representations of
the results of pfigewssisagrocemflewliagran deri angenzhedimens ¢f therpressht mventionesent

i nventipon. Figurgs 6A;E sghemgtical lv illustrat [OCesSi dul es
ncoordi PO to eramemi S Tor o Hrataing bR of g Bl RO fs tg,em
chart il usdnigddientofiheepresent ifvegtsn.i n a net hod according to an enbodi nent
of the present invention. 20 DETAI LED DESCR| PTI ON, The present invention .
utilizes opticalFigwes dAefD it 2gphigy represendaiions obirin proggessesharacierisics foriuse
pre-etch %ﬁ?%%ﬂ&jﬁhﬁn bPRD pHRIES ihtibspection results to determ ne
process paraneters, such as Pe3|st trimtinme and/or etch paraneters. In
this way, the priéigemes 5A-5B are graphical representations of the results of processing- wafers

15  using an embodiment of the present invention.
Figures 6A-E schematically illustrate processing modules according to
embodiments of the present invention.
Figure 7 is a flow chart illustrating sequential steps in a method according to an
embodiment of the present invention.
20

DETAILED DESCRIPTION

The present invention utilizes optical CD (OCD) metrology to inspect every wafer
to determine pre-etch CD and profile, then uses the inspection results to determine process
parameters, such as resist trim time and/or etch parameters. In this way, the present

25 invention enables accurate final CD and profile dimensions. The present invention
addresses the problem of CD control by reducing CD variation by feeding forward
information relating to photoresist mask CD and profile to adjust the next process the
inspected wafer will undergo (e.g., the photoresist trim process). In certain embodiments
of the present invention, pre-etch CD and profile measurement, etching, cleaning, and

30 post-etch CD measurement are performed entirely under controlled environmental

conditions. By providing etching, cleaning and measurement tools on a mainframe and/or



25 invention enables accurate final CD and profile dinmensions. The present

i nvention addresses the problemof CD control by reducing CD variation by
feedi ng fwonerodss4enformation relating to photoresist nmask rc/esvdopnofile to
adj ust the next process the inspected wafer will undergo (e.g., the

hot or esi st Lm.process)..dn certai,n enbodinments of the present
Pivent i on, - BeisriREE 3 etpl o fecStHieds HPuind Aod iBtnerfed geioet bane igfemeddo 30
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environmental conditions. By providing etching, cleaning and measurenent
tools on a mai nf P&RmeHglogy tmnm@momtrbx%esmaﬁmemonammg enablers
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t he underlyj | ayer, as by a photolithography process at a "photo cell"
(e.qg., expotgﬂgléogﬁpei’g' stepper foll owed by photoresist devel opnent). A

pattern on the nB&dording to the methodology of the present invention, an underlying layer, such

as a conductive layer, is formed on a wafer, and a patterned layer, such as a photoresist

20 mask, is formed on the underlying layer, as by a photolithography process at a "photo cell"
(e.g., exposure at a stepper followed by photoresist development). A pattern on the mask
is inspected using an integrated metrology unit, such as an optical inspection tool, to
determine its CD and proﬁlé. The wafer is then transferred to a conventional etch
chamber, where the measured photoresist CD and profile are used by the processor to

25 adjust the photoresist trim recipe (e.g., the trim time), also taking into account the implicit
etch uniformity performance of the etcher and the nonlinearity of the trim curve.

The underlying layer is thereafter etched using the trimmed photoresist pattern as a
mask. After etching, the wafer is optionally cleaned, as by an ash photoresist strip
followed by a wet cleaning step, and transferred back to the integrated metrology unit,

30 where the CD, profile and depth of features formed by the etch process are measured and

compared to the desired dimensions. Such information can be fed back to the processor



I's inspected using an integrated netrology unit, such as an opti cal

I nspection tool, to determne its CD and profile. The wafer is then
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20 Processing line 300 further comprises a processor 320, which performs the analysis
disclosed herein electronically, and a monitor 330 for displaying results of the analyses of
processor 320. Processor 320 can Be in communication with a memory device 340, such
as a semiconductor memory, and a computer software-implemented database system 350
known as a “manufacturing execution system” (MES) conventionally used for storage of

25 process information. Processor 320 can also be in communication with previously-
described photo cell 360 and etcher 370.

An embodiment of the present invention will now be described in detail with
reference to Figs. 1-3. Referring now to the process flow diagram of F1g 2,a Wafer W to
be processed by a dielectric etcher comprises a substrate 200 upon which is formed a

30 conductive layer 210, such as polysilicon layer by deposition processing. A patterned
photoresist layer 250 (i.e., a photoresist mask formed at photo cell 360) having patterns P
is formed on conductive layer 210. An anti-reflective coating (ARC) layer (not shown)
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wherein a CD corresponding to a given waveform is derived by calculation, such as by a
processor in the optical inspection tool. RCWA is discussed in Chateau, "Algorithm for
20 the rigorous couple-wave analysis of grating diffraction", Journal of the Optical Society
of America, Vol. 11, No. 4 (April 1994) and Moharam, "Stable implementation of the
rigorous coupled-wave analysis for surface-relief gratings: enhanced transmittance matrix
approach", Journal of the Optical Society of America, Vol. 12, No. 3 (May 1995).
The measured CD and profile are used by processor 320 at step 3100 to determine
25 etch process parameters (i.e., a trim recipe) for wafer W, as by an equation that takes into
account the CD and profile angle measurements as well as characteristics of etcher 370.
Etch process parameters that can be adjusted by processor 320 employing such an
equation include etch power, etch time, etch gas flow rate and pressure, magnetic field
intensity and magnetic field profile.
30 To obtain correct final CD and profile, both phototesist trim and underlying layer
etch recipes can be adjusted for each wafer. For example, final CD is most affected by the

trim recipe, and final profile is most affected by the etch recipe. The relationships
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etcher and pre-etch non-uniformity, the data are taken from the same die of the series of

20 wafers etched under the same conditions. It can be seen in Fig. 4B that the amount
trimmed increases with the SWA. This behavior is intuitively correct, since a re-entrant
profile (SWA > 90°) is conducive to CD loss in an etch process.

The trim time determination for a given target post-etch CD is illustrated with the
trim curve of Fig. 4A plotted as a function of SWA, as shown in Fig. 4C. The dependence

25 of the trim amount on the trim time and sidewall angle can be combined into a single
mathematical formula from the two formulas shown in Fig. 4C. If we assume that all
responses are linear with time, as shown in Fig. 4C, then the change in CD ("ACD") can be

expressed in the following equation of a line:

30 (1)  ACD=R(A)t+S(A)
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C

Equations (4) and (5) can be substituted into Equation (1) to yield a formula that
determines the trim time t necessary to achieve the target post-etch CD for a given pre-
etch CD and SWA. This formula is used by processor 320 in step 3100.
20 In another embodiment of the present invention, the present methodology also
| takes into account the fact that trim time versus the amount of photoresist trimmed is non-
linear, as shown in Fig. 4D. Thus, the present invention enables more accurate photoresist
trimming.
To test the CD control of the methodology of the present invention, a series of
25 wafers was run with a target final CD of 130 + 1nm. The average pre-etch CD was
162.6nm with a full range (maximum — minimum) of 8.36nm. Nine-point measurements '
were performed on each wafer, and the average CD and PR SWA for each wafer were fed
forward to the etcher. The only change in the entire process sequence was the trim time,
which was calculated automatically based on the trim curve informatidn stored in the
30 recipe. Figure 5A shows the results which indicate that the final post-etch CD distribution
is significantly reduced from that of the pre-etch disﬁbution. The full range wg:fer
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PR sidewall angle (the "Theta Transformation"). The importance of the Theta

Transformation is shown in Fig. 5B, where the measured post etch CDs obtained with the
Theta Transformation are compared with simulated data obtained with only CD correction

20 and no SWA correction. As shown in Fig. 5B, the use of the Theta Transformation
tightens the post-etch distribution from 2.72 nm to 0.62nm.

Referring again to Fig. 3, at step 3200 photoresist layer 250 is etched using the trim
recipe (i.e., trim time) determined by processor 320 using the experimentally determined
equation. The result is shown at the right side of Fig. 2, wherein patterns P are trimmed to

25 dimension CD;. Underlying layer 210 is then etched, typically at the same etch chamber,
in step 3300, resulting in structures S being formed (see bottom right of Fig. 2). Wafer W
is thereafter optionally brought to a photoresist ash strip chamber (see step 3400), and
brought back to measuring tool 310 at step 3500. The CD and profile of structure S are
measured at several locations on wafer W, such as the locations where the pre-etch

30 measurements of photoresist layer 250 were taken at step 3000.

Post-etch CD and profile information is supplied to processor 320, where

deviations from target results can be used to adjust the trim-and/or etch recipe for the next
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Such embodiments require an appropriate DOE to develop the proper equations for use by

20 processor 320 to choose the trim/etch process parameter values.

It should also be appreciated that the present methodology of adjusting an etch
recipe based on measured CD and profile is not limited to the phbtoresist trim process. It
can also be employed when a photoresist trim is not performed. Since post-etch profile is
dependent on photoresist profile, the post-etch profile of any etched pattern can be fine-

25 tuned based on the measured photoresist profile sidewall angle using the present
methodology.

In further embodiments of the present ihvention, an apparatus for processing a
semiconductor wafer is provided wherein a wafer is removed from a wafer cassette, and a
CD and profile of a pattern on a patterned layer formed on the wafer is measured using an

30 optical measuring tool. A process, such as an etch process, is then performed on the wafer
using a set of process parameter values, such as a trim or etch recipe, selected based on the

. pattern CD and profile measurements. Post-etch processing, such as ash stripping and wet
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etch chambers available from Applied Materials of Santa Clara, CA, and one or more

20 transfer chambers 903, also called "load locks". In one embodiment of the present
invention, four etch processors 902 are mounted to mainframe 901. In one exemplary
embodiment, three etchers 902 are used for etching, and one is optionally used for post-
etch cleaning (i.e., removing photoresist polymers and other residue from wafers after
etching). Mainframe 901 is capable of maintaining a vacuum environment in its interior.

25 A robot 904 is provided for transferring wafers between processing chambers 902 and
transfer chambers 903.

Transfer chambers 903 are connected to a factory interface 905, also known as a
"mini environment", which maintains a controlled environment. A measurement tool 906,
such as an optical measurement tool utilizing scatterometry or reflectometry techniques, is

30 mounted inside factory interface 905. An example of a tool that can be used as
measurement tool 906 is measuring tool 310 described abm}e (see Fig. 1), which can

include the measurement tool described in U.S. Patent 5,963,329. A processor (i.e., a



to adjust the etch recipe for a subsequent wafer. Al of the transfer and
processing steps 5 perforned by the apparatus are perfornmed in a clean

envi r onmewo o3tohex4eby i ncreasing yield by avoi di ng exposi regvisessmsfier to

t he at nosphere and possi bl e contam nat4 on between steps. These enbodi nents

of the present invention provide for -etch, nd _profil neasurement s
of evers wa PEPCESIRY COHPIROPHING O Brocpsar %ttﬁpgg’iuggt&q ﬁB%f”& ﬁtcﬁé‘?ﬁl%bafséﬁi OBvery
10 waf er acahé tafg ODPatd SrofR MBsuRntitd & REEHH ABEVY SinltR faft dretdhef 92 or

process variations in previously visited tools, such as deposition

uni forni ty vangame 491.50ng ogmesssiobpisPOdpend wackanbitoare alsposoumiedainside Gaxtsry
vari ations J I t inyentd on al.so ovides .for etch
reci pe adj us tr?gfﬁ os(r)f ogﬁ- %ﬁsg‘?l%ggtﬁé‘%g%gweF?% e ﬁfsd@gf B’F”ﬂf%@gé‘? g a

sem condutct ®06\ual standard avafen@sdetteaP0SErEhRA A Attacied td Factdi? imE@8@Yos51 Nnvent i on
wi |l now be hﬂ%ﬁ%“ bf?@ with reference to Fig. 6A. The apparatus conprises a
chanber or * ping 781, teansfer shambers 9% dactenyrinterfaps Yeans rabots Y84.447 are all

avail able fr j ' . . o qf ' &
oty oAt SPRLOEBA bl teifl oy SR Sickral 1R Afglicd ML RELAR™ ang, )
such as DSPIcbiivhymitayes witheach othercwhitdunainesising v @idandontrbl edergpnivedt. Mxichr i al s
of Santa C ara and one or e”'rﬁ#ﬁ ﬁortransfer chamber s, 903, al so call ed

"] oad | ocks™on W%ﬁ%l RHSHPESH CRTRRILSR @ PIOGEsEnts JUS as pgompyter fpot
processors YRewA) © él'é’a%hi%ﬂll? QortRl rﬂﬁle_r SPRatRR b e syRiet, ﬁ&&%ﬂ?ﬁ?pﬁé %aggigpgf ment,

three etchers 902 are used tor etching, and one’is optiona or
post - etch ovademsifipgn one part of thersystery toamntharesi st pol yners and ot her residue

f f ft { chi ' 901. | bl e..of maint aini
vacoum envi r onmorte ret 8 of ol et gk To GEPARbE Ben(yBRPrfet” °
transf er ri ngnveation wilabweds deptrited Sat@ e éraehe tie RA% ciaitbof RigansAaer ghanber s

903. Transfer chanmbers 903 are connected to a factory interface 905, also
known as a Plyphiy opafers arrprocessed gtiagogrssing tnohsugh abmphaip cell avdescribetrent .
A nmeasur op1 | d | Lz

Soat  or ot g5 o SFFLL RS ARad nn e B3 F AP e b sty
interface 9098, ad the aasséte isfiransfemed to factbryciaterface 062 ak step 1010 FUNHvalER i themol

906 is neasurin ol 310 d ri bed agbov see Fig.. 1) ich ca | ncl ude
t he neasur er‘f‘é‘lﬂag?% Pmo‘@éﬁtﬁe?@g ap tr@)‘.‘%‘.’“?ﬁ‘gtp as‘?,eg’%gt, tgob900: W&EQ@O&“% e.,
a WO 03/ 0753620),add #He4SD A8 profile of a pattern on the photoresist are measured at step 1030.

At step 1040, a photoresist trim recipe for the wafer is selected based on the CD and

20 profile measurements, as explained above.

At step 1050, the wafer is transferred from measurement tool 906 to etcher 902
using robot 907 to move the wafer to transfer chamber 903, and using robot 904 to move
the wafer to etcher 902. The photoresist layer is trimmed (step 1060), the wafer is then
etched (step 1070), typically in the same etcher 902. Next, in certain embodiments of the

25 present invention, the wafer is transferred to a photoresist stripping chamber 902 (step
1080), such as a conventional ash strip chamber, for removal of the photoresist (step
1090). The wafer is then transferred back to measurement tool 906 for a post-etch CD and
profile measurement (steps 1100 and 1110) before being loaded into cassette 908 at step
1120. The post-etch CD and profile measurements are éent to processor 320, and used to

30 correct the trim curve and/or etch recipe for the next wafer to be etched, as explained

above.



14 processor corresponding to processor 320) to provide etcher 902 an etch
reci pe based on the wafer CD and profile neasurenents as descri bed above
can be pawo wfo7sdecher 902 or nmainframe 901. One or nore rrEOTW3PLHI7 or a
track robot, are also nmounted inside tactory interface 905 for

transferring wafers_betwee ransfer chanbers 903, neasurenent tool 5 906
and standard waf#y2 eépkedigignt ‘?ébﬁ)véﬁﬁn;tﬂf&’le{lﬁ@hm%nf Agt08%: yaqteryer f ace
905.  Mai nf#aue:9945, aa’@]ﬁ%ea@ﬁ?ﬁéﬁtr DolXEa. nfxc?’cﬁllrté?irtx if (i s%adao(f?nsgc%ﬁt A e
robots 904, 907 are a parts of a conventiona roc em such as
the Appl i ederivbadimient of RigriA) &heapgarams ofibiy. 6Bto@emtdslacaﬁdh1gctb Itl&rﬂmhbhz&t of
mai nt ai ni nglg.a ?I egn figcﬂt roll ed environnment. Such conventional processing
systems furtfef 3 ?ﬁﬁfl 1%9 frocessor, such as a conputer (not 10 shown) to

el ectrongcal Iy cpy sl ﬁ&dner &Hﬁ‘dcﬁlhbﬁ’trbf‘?ﬁe ﬁr@&nﬂfﬁkﬁt‘i@n 1'1105&&!&! ﬂmghﬁzt ransfer
of wafers fromone part of the systemto another. The operation of the

appar at us awesuriment tepl OdsisantinddemmainframedOp ratberrthan fawmmtcrﬁaomﬂosa now

of wators ar Ak EEITREC bdEacenfih Kbt bl ot gy b Geacine R a0

described 15 abOItﬁnnotlferEﬂﬂdem‘l@hOImépﬁssﬁt inemkion ihitrated G Figy 6DIfAcRYR! | they
are | oaded into a _cassette and the cassette is transferred to factory

i nterface owteriace 99&) Mx@easp(rqmpoql 20¢Aapd aGﬂ'P‘(S’f&H@WW%ﬁk@%éW‘I%%@S and
transfe bedmt)ﬁn r W&%&%ﬁ%@%@o?hﬁ BQ?tsmg rwifet 8B arﬂx]rg%tg t he D
e of a pa e

and profrl tern on t otoresrs e nmeasur At
step 1040, utrpsmiiotrasdaters.r One oﬁmlepharhbers D02 onvafaiifranse $H| 1etatceﬂvdmsﬂﬂ a@n t he

CD and 20 prafi asut.enent.s | ai ned, abqv At step 1050, the waf er
s £ 1 anst ef MO R RHUSBTRAADOF S BT I IR B Ghiaried 10 BHATB07 1 o
nmove the walintep9b2 Pd?%@foré‘s'f@'i‘é?ﬁéva?@@epsqmo did 10 &I ’ﬁ)oﬂxeﬁﬁ 1§H¥1§‘stfe&$h‘i

wafer to etcher 902. phot oresi st "l ayer is trinmed %s t'ep 1060

wafer is tht@nzvet@han@ha@cnéWmvl@)ean@cymmtb loy after hefng m&mdcmmas)@@nemext
in cert nt.s he 25 present invention, the wafer is
5 EPPSGe AT \iEp Elod

transfe St stripping chanber 902 (step 1080), such as a

conventi onal ashirséroktier efdoligtent bPthe pRs¥OMahvedtioh ituspaRdGh B, SE and fdlby
1090). The wafer is then transferred back to measurenent tool 906 for a

post - et ch Cisserbed inlS; Patertedpnlicatiemiio QY 4is45th titpdAweust 3b)208@ fresiatraap ng
| oaded into oF1PR Aﬁgl?%ﬁ\/ﬂ{ riaiscCen 20 and pagtogg ﬁ'ger?ic%@og@l@ﬁlq Iﬁﬁlgm, Llﬁo
measuren”ents are se O processor 20 an (0]

available from Applied Materials. Factory interface 905C has a single robot 907A, a

20 measurement tool 906A as described above, a conventional wet clean chamber 909 as
described above, and a conventional ash strip chamber 910 mounted to it. Additionally,
two of the ash strip chambers 910 are mounted on mainframe 901, along with two
conventional etchers 911. Alternatively, four etchers 911 can be mounted to mainframe
901 instead of ash strip chambers 910. After a wafer is etched, it is transferred to one of

25  the ash strip chambers 910 for photoresist removal (steps 1080 and 1090 of Fig. 7), then it
is transferred to wet clean chamber 909 and cleaned prior to or after being transferred to
measurement tool 906A in .step 1100.

The embodiments of the present invention illustrated in Figs. 6A-E provide pre-
etch CD, and profile measurement, etching, cleaning, and post-etch CD measurement

30 entirely under controlled environmental conditions. By providing etching, cleaning and
measurement tools on the mainframe and/or factory interface, the wafer can be etched,

cleaned and inspected before being returned to a cassette, thereby reducing processing



30 correct the trimcurve and/or etch recipe for the next wafer to be

et ched, as expl ained above. WD 03/075342 PCT/US03/05617 15 In a further
enbodi menwoof3/orksg2 present i nvention shown in Fig. 6B, factrryusodnsarface
905a has a CD neasurenent tool 906a nbunted to it (instead of inside it as
in the enbodinent of Fig. 6A). The apparatus of Fig. 6B operates according
to the flow chart of Fig. 7 as describedsabove. 5 In a still further
enbodi ment of the present invention illustrated in Fig. 6C, nmeasurenent

tool 906a itfnd B8 MBrdsRtN e Wb odtterdt & 1B Es. (28D ﬁ@ﬁh@@é/edbgékeeﬁ#fd%&i 905a.

g
The apparatus of Fig. 6%: opéerates according to the flow chart of Fig. 7 as
descri bed dboveed of measwotrhent detalin déaltinte fof etene wpfeestheteby anabiingetehi | | ust r at ed

in Fig. 6D, factor i nterf.ace.905b ha nmeasur e t..tool, 906A and

convent | onTFOETTE i FHSTREHGR oBguETY TR BEroT S . ThA: MBS CRASHUEE 909
can be a sipiéii@es\iaérBhses e FRIdEdHHeBlch R iV BidAHctit JRBAVM-§-vid FHbT dHGOs8ms One of
the chanbers 902 on nmainfranme 901 is a conventional ash strlgec anber, as

di scusséd atheven forflbagk Gomdild mepsnrementadf any, i en 2 lodriedaibasid ratherdkan orri p

chanber 902 _f or ot oresi.st _renoval teps 1080 .,an 090 of Fi.g. . then
it is transtér r‘%%gl’?%ém TR SRR egrto %%%@@Feg%%‘é’ae%eﬁﬁ% ‘%%Hl%ﬁ ter
bei ng transahercregﬁljng@tegg_asurerrent 15 tool 906A in step 1100. In another

enbodi ment of the present invention illustrated in Fig. 6E and fully
descri bed in U, $hepptesent myprticviady gaplhgsbleody dhe mempfagtpreedfl Aggoes ta¥es 2000,

905C 15 1 né-LrosR Pl e L) M oSty s er il SRR 1R oce
905C had) a rsienghboutObiBu 4AiAded 20 nmeasurement tool 906A as descri bed

above, a conventional wet clean chanber 909 as described above, and a
conventional asHhsmressnichseriion can be pragheaskby emplpyingganvendieaslingaterialso of t he

ash strip 9 nied aon . nfrar 01, al.ong with t

convent i ongﬁl&g@z%rysa%gf%{lﬁ)ﬂ{% gr}r}g c}r@glgf))r’?{ (%%ﬁgto g Fllécl”hsm@ﬁg e{iﬂm@gle\ﬁg%% ed to
mai nfrane @lodosdyere nof seffithHerdif it B eTnSth pibvidstdescriptiond, @imlefoust ched,
it is transferred to one of 25 the ash strip chanbers 910 for photoresi st

renoval ( stBeratia dgailyirg seigothowuckpgspepific maemalp.strupigresy ehestieals, Processonet
clean cha m%?cr., i1 QP62 @éjpfbk/ﬁ?erhetﬂoﬁﬁgﬂ ﬁn&é}st%diﬁlé 58the B?ésglgt 11‘166@1@1%116‘ Ho%vér? it
should be recognized that the present invention can be practiced without resorting to the
details specifically set forth. In other instances, well known processing structures have not
been described in detail, in order not to unnecessarily obscure the present invention.
Only a few examples of the versatility of the present invention are shown and
20  described in the present disclosure. It is to be understood that the present invention is
capable of use in various other combinations and environments and is capable of changes

or modifications within the scope of the inventive concept as expressed herein.



measurenent tool 906A in step 1100. The enbodi nents of the present
invention illustrated in Figs. 6A-E provide pre- etch CD, and profile
measur enewa o3arsdazng, cl eani ng, and post-etch CD neasur ensdT/uSB/080vi rel y
under controlled environmental condititbns. By providing etching, cleaning
and neasurenent tools on the mainfranme and/or factory interface, the wafer
can be etched, <cleaned and inspected before being returned to a cassette,
t her eby reduci ng processing WO 03/ 075342 PCT/ US03/ 05617 16 16 tinme and
cost. Moreover, the enbodinents of Figs. 6A-D provide feedback and feed
forward of measurenment data in real tine for every wafer, thereby enabling
etch processi n§Viavib@lapost omi zed for every wafer to increase yield. Thus,

t he present inventio oyi des increases i i el d.and decreases in
broduct s on cost & vi s b6 of Biapedie 5 Eheindut e W o B ack {1 om CD
neasurenments, i {a)@MBasurify #TDPardYdetwaill RéfiledTh patierhRRra fai@hell Qyer ®3BIEH on
waf er, and wafers nust be exposed to the atnosphere between neasuring,

etching aAduedehimgigystagbe wife; present invention is applicable to the

manuf act ure of rious. ty of m_conduct or, devj ce particul arl i gh
ensi 1y semi condilctor T SR tet T roEndargRce SHbEF Jor AR i &t S
under . Shepgf@adion thY @afd Hhs€BHn BR X6kl JIYheUD! 0¥ ipherileamdent i onal
materials, rmethodol ogy and equi pnent. Accordingly, the details of such

materials, equi frdstioans thefirmdaecetomathe vader & arpreesssing heol apingithe Hest 8¢t .

I'n the preyj éﬁgﬁéﬁ&kﬂ5k%ﬂés nunerous specific details are set forth,
such as specific errals, structures, chem cals, processes, 15 etc., in

order to provide a thorough understandi ng of the present invention.
However, it shquld be recogni zed that the present invention can he

practi ced withodt re @?m%lgodtqf Cﬁ‘ﬂ@ Lc?ané’i“IS%lgs%’éléi‘ﬁX@&Fﬁlengélﬂe ¢Brand profile

ot her instgpngesysl | known processing structures have not been described
in detail, 1n order not to unnecessarily obscure the present invention.
Only a few exanples of the versatility of the present invention are shown

and 20 described in_the esent  disclosure. It_.is to be understood that
the present invénti OITLP @gé‘é‘g&glcbmafl’u‘@é“?lﬁ the firsf Brogessels ol FEGCEH LT and

envi r onnentsin@iia bfut@RIRHR RldeHIR 4R sr.

4, The method of claim 1, comprising forming the patterned layer by
photolithographically forming a photoresist mask having a photoresist pattern, wherein the

measuring step comprises measuring a CD and profile of the photoresist pattern.

5. The method of claim 4, wherein the first process is a photoresist trim

process, and the first set of process parameter values includes a trim time.

6. The method of claim 5, comprising selecting the trim time based on the
measured CD and profile of the photoresist pattern and further based on a desired post-
trim photoresist CD.

7. The method of claim 6, comprising developing a mathematical expression
wherein the trim time is a function of the photoresist pattern CD, the photoresist pattern
profile, and a difference between the photoresist pattern CD and the desired post-trim

5 photoresist CD, wherein the photoresist pattern profile comprises a sidewall angle.



or nodifications within the scope of the inventive concept as expressed
herein. WD 03/075342 PCT/US03/ 05617 17 What is Cained Is: 1. A nethod of
pr ocessi ngo3aessgonduct or waf er, conprising: (a) nmeasuri rCTAUOBRSMNT
sidewal |l profile of a pattern on a pat&erned | ayer fornmed on an underlying
| ayer on the wafer; (b) selecting a first set of process paraneter val ues
for a first process to be 5 perforned on the wafer, based on the
measurenents of the CD and profile; and (c) performng the first process on
the wafer at a processing tool using the first set of process paraneter

val ues. 2. The nget hodrpf metdidBlslaieal 8P L k@l 1 A Erh A i and
profile of the pattern. 3. The net hgg%@egﬁgﬁghﬁﬁvﬁglgf?ﬁﬁtﬁg fiyﬁ‘glag@r
process i s vgimgdhe hinpmed phetofesist patisrmasmmaskst ructure in the underlying

| ayer. 4. The nmethod of claim 1, conprising form ng the patterned | ayer by
phot ol it hographically form ng a photoresi st mask having a photoresi st
pattern, whereim.the THe@sthold g cﬁ&iﬁpsp@&gpﬂiﬁ@gs BEashint NBe &ifeDrocds Rhefthé €
of the photoresist pattern. 5. The nethod of clpai m 4, wherein the first
process i s cchineeass es itha weler ahthppigcessing tapld t he first set of process
paraneter values includes a trimtine. 6. The nethod of claim5, conprising
selecting the trimtine based on the neasured CD and profile of the

phot oresi st pat tler n ar thethbd ef claizs 8dcafiprisigiesliesfifly fRsafet iftehpeoiRigIhet
CD. 7. The method of claim®6, conprising devel oping a mat hemati cal

expr essi on SHHEPESSH the trimtime is a function of the photoresist pattern
CD, the photoresist pattern profile, and a difference between the

phot oresi st pattern CD and the desired post-trim 5 photoresist CD, wherein
t he photoresi st ldat t €fle pethbd o€ cron®; cemprising intkawatidg A of a WEuAGOGRB4R

PCT/ US03/ 05617 8.8. The pethod of claim6, further c ri sing etching the
under | yi ng glveqn:herlymg-[ayer g‘}? the etch process, and selecthng a secong rsrgt of procgess parametger

values for a subsequently processed wafer using the CD measurement of the structure.

12. The method of claim 3, comprising measuring a CD of the structure formed
in the underlying layer by the first process, and selecting a second set of process parameter ‘

values for a subsequently processed wafer using the CD measurement of the structure.

13. The method of claim 8, comprising choosing an etch recipe for the etch

process based on the measured CD and profile of the photoresist pattern.

14, The method of claim 6, wherein the photoresist mask comprises a plurality
of the photoresist patterns, the method comprising:
measuring the CD and profile of the plurality of the photoresist patterns;
5 averaging the CD and profile measurements; and

using the average CD and profile measurements to select the trim time.

15.  The method of claim 7, wherein an amount of photoresist trimmed varies
nonlinearly over time, the method comprising selecting the trim time further based on the

trim nonlinearity.



using the trimed photoresist pattern as a mask. 9. The nethod of claimS8,
conprising performng the trimprocess and the etch process on the wafer
at the prooesarssg2t ool . 10. The nethod of claim8, conpri SICTgUsHBeEsNTNg t he
waf er after performng the etch proceéss. 11. The nethod of claim8,
conprising nmeasuring a CD of a structure formed in the underlying |ayer by
the etch process, and selecting a second set of process paraneter values
for a subsequently processed wafer using the CD neasurenment of the
structure. 12. The me [ . LS| i -0 .of the
structure forne tg‘ai n %ﬁg&uagé es?*03?%C%F%%{m%%ﬁ%ﬁ%cﬁ%@%ﬂb%@%%and

sel ecting a secanthesatringf tqol doe siscapatiggret €D arnvdakidewall grrofiles ob s gopdtent lop a
process%j waf er (lgllfl nﬂ t he .CD meaaurlema t of the structure. 13. The nethod
of clai m 8 PREAET IHChPTERD OBPRGPAFIEEE FYPeh 96 Y& t he etch process based
on the measured {(R.aadinR81 o p&forhiifs Q?%&E@@dﬁkv@éféﬂ&ﬁr& a Bkt st preédaed
of claim®6, wherein the photoresist nmask conprises a plurality of "the
phot or esi stpapamaterrvadyest émsl met hod conpri sing: nmeasuring the CD and profile
of the plurality of the phatoresist, patt S; aver agi ng .t he. CD.and
profile measur erfelfiPE%ss %@Wg tpﬁglegb%?%% ogﬂﬁ’cﬁﬁsé’%ﬁnget%%‘ﬁﬁsé’ﬁé?ﬂ Wy o
sel ect the th¢ hidhduréBentd 6f thEltD BRI pdi1lOf claim 7, wherein an amount of
photoresist trimed varies nonlinearly over tine, the nmethod conprising

selecting the trimtime further based on the trimnonlinearity. WO

03/ 075342 PCT/ USQ3/ 05817, 19 .16, .apparat us for processi :
sem conduct or \A/§119(‘33r, cOo arqaga}t%sggfgpm asury eéelpotgf" ﬁ%?mﬁgggﬂﬁoﬁﬁoglpwsa%
si dewal | proptichlen@kudngsbl.ern on a 5 patterned |ayer formed on an

underlying layer on the wafer; a processing tool for perform ng a process

on the wafer using a first set of process paraneter values; and a
processor confi gyred t e (fi oGe: I e
based on the ngﬁéure%\%n?@ag%h% k?g %%&%EZ’ B%fé]fletgé O%%%gl H?eaﬁﬂﬁltg {OOY% or

employing scatterometry or reflectometry.
19. The apparatus of claim 16, wherein the processing tool is an etcher.

20.  The apparatus of claim 19, wherein the patterned layer is a photoresist
mask having a photoresist pattern, and the measuring tool is for measuring a CD and

profile of the photoresist pattern.

2]. The apparatus of claim 20, wherein the etcher is for performing a
photoresist trim process on the photoresist mask, and one of the first set of process

parameters selected by the processor is a photoresist trim time.

22, The apparatus of claim 21, wherein the processor is configured to select the
trim time based on the measured CD and profile of the photoresist pattern and further
based on a desired post-trim photoresist CD.

23. The apparatus of claim 22, wherein the processor is configured to select the
trim time using a mathematical expression wherein the trim time is a function of the

photoresist pattern CD, the photoresist pattern profile, and a difference between the



17. The apparatus of claim 16, wherein the measurenent tool conprises an
optical neasuring tool. 18. The apparatus of claim 17, wherein the optical
measur i ngwooaslo7sa2f or  enpl oyi ng scatteronetry or refl ect aaarwyp3ni@s The
apparatus of claim 16, wherein the pra2tessing tool is an etcher. 20. The
apparatus of claim 19, wherein the patterned |ayer is a photoresist mask
havi ng a photoresist pattern, and the neasuring tool is for neasuring a CD
and profile of the photoresist pattern. 21. The apparatus of claim 20,
wherein 4 h?h@io? D ;agelfnob]j)?ﬁ& Qh& Gl BJ%-%{H ddlesist OB, PHRGERS phX o{e@ﬁt
phot or esi st mask, and one of the first get 0 rocess pairarreterg sel ected
by the progessamprofleaopipataresdstalt angha.ti me. 22. The apparatus of claim 21,
wherein the processor is configured to select the trimtinme based on the
nmeasured CD and profile of the photoresist pattern and further based on a
desired post-trixn photreshdiusGP.clad-22] MheARPBlakdRr &f fof bthMgdRe ST BAD
the processor is configured to select the trimtime using a mathenati cal
expr essi on laee neing thedeinmmédphateresistpatiefasatadk. of the photoresist pattern
CD, the photoresist pattern profile, and a difference between the WO

03/ 075342 PCT/ US03/ 05617 20 5 photoresist pattern CD and the desired
post-trim phot ongsi stTHeldppiaRsk if BlaRh QUOTiRHheS bomPRinEs BrippRisitbsl f6PFERJ a
sidewal | angle. 24. The agparat us of cl ai m 22, I\?m?%régi Whefgetcher isv?’lggrS
et chi ng t heeudiedronithrgwalengler eiehingthemadertyingdsgephot or esi st pattern as a
mask. 25. The apparatus of claim?24, further conprising a stripping tool
for removing residue fromthe wafer after etching the underlying |ayer.
26. The appar at 6. of THeaipfudtus ofhedil 4, twigersigaba! hicagirtn@abol & HOmenRARIEd N
a CDof a structure fornmed in_ the underlying |ayer by the etch process,
and the pr &d2ekaptgurediypned iy by upderbang yenby tegrich Rioeesss ansk e pracessor is

reacur ement CRTETRG LRt SRAR ! o BEAE AR Vo RSB GR dbhoseet:

et cher i fwafempsidfeahenOymedsardmdrs of the structure.

27.  The apparatus of claim 19, wherein the etcher is for performing the first
process to form a structure in the underlying layer, wherein the measuring tool is for
measuring a CD of the structure formed in the underlying layer, and the processor is

5 configured to select a second set of process parameter values for a subsequently processed

wafer using the CD measurement of the structure.

28.  The apparatus of claim 24, wherein the processor is configured to choose
an etch recipe for the etch process based on the measured CD and profile of the photoresist

pattern.

29.  The apparatus of claim 22, wherein the photoresist mask comprises a
plurality of the photoresist patterns, wherein the measuring tool is for measuring the CD
and profile of the plurality of the photoresist patterns, and the processor is configured to:

5 average the CD and profile measurements; and

use the average CD and profile measurements to select the trim time.



process to forma structure in the underlying |ayer, wherein the neasuring
tool is for measuring a CD of the structure fornmed in the underlying

| ayer, anwads@7puecessor is 5 configured to sel ect a secorrtTsEl030561pr ocess
paranmeter values for a subsequently ptibcessed wafer using the CD
measurenent of the structure. 28. The apparatus of claim24, wherein the
processor is configured to choose an etch recipe for the etch process
based on the nmeasured CD and profile of the photoresist pattern. 29. The
apparatus of cl am 22m Wiehsh Br LiAfin PIORALEE! M Bt SHMBEARS dmnfVaftbd Y
of the photoresist patterns, erein the neasuring to I's Tor neasuring
the CD anchophndfarlyevef tilkearpl the atdcessonfs dohfigpkdttosesdtshe {pan tigrenfartharishsédhe
processor is confiqured to: 5 average the CD and profile neasurenents; and
use the avéid %Eﬁfﬂ%ﬁﬂkﬁp ile measurements to select the trimtine. WO
03/ 075342 PCT/ US03/ 05617 21 30. The met hod of claim 23, wherein an anount
of photoresist trimed varies nonlinearly over tine, and the processor is
configured to sélect Atheppardtwy for prockssitghaseniiosslictop wafdrecamprsingnl i nearity.

31. An apparatus for processing a sem condyctar wafer, conprising. a
measuring t ool faopleﬁ%%é“ﬁrf%ﬁg fﬁlg@ﬁa%mgsf‘m/a%% f}&%‘f’fﬁﬁ @r%ﬁeao ﬁtﬂagtleﬂl 8h &
patterned Ipajemhed RyBEMABA 8A ab DHGH W SR yéredhahe QAfdrhe wafer; 5 a processing
tool for_ performng a process on the vva?/er using a first set of process

par amet €r val ued;Precqspiog éexlder pafitingag eprocesssal the waf¢rarsirigr & firss et addfprenestess

par amet er né’%aﬂ%%r%ﬁl g on the neasurenents of the CD and profile; a
transfer chanismtor’ transferring the wafer between the neasuring tool

and the 10 procagsidsgortcliguddo dclebiaib €irstisor ofefetas ipafinidie vl $hsdd on
nmechani sm and al | ovmennjgs communi cati on between the transfer nechanism the

measuri ng tROMEIFHPIRGES o tbe LBl in a clean environment. 32. The
apparatus of clgiyn,3d, Iﬁ%ﬁ{aﬁérﬂ f&ﬂ?ang};eﬁ?ﬁg t%mtfertb%%eénsfhg&egaﬁfn%qgol and the

10  processing tool; and
a chamber for enclosing the transfer mechanism and allowing communication
between the transfer mechanism, the measuring tool and the processing tool in a clean

environment.

32.  The apparatus of claim 31, wherein the measurement tool is an optical

measurement tool.

33.  The apparatus of claim 32, wherein the measurement tool employs

scatterometry or reflectometry.



measurenent tool. 33. The apparatus of claim 32, wherein the measurenent
tool enploys scatteronetry or reflectonetry. WO 03/075342 PCT/ US03/ 05617
22 34. Thwoappasatus of claim 31, wherein the chanber conPUTIE®3/08617

mai nfranme for nmounting a plurality of2rocessing tools, including the first
processing tool; 5 a factory interface for nounting a wafer cassette; and a
transfer chanber between and in communication with the mainfrane and the
factory interface; wherein the transfer nmechani smconprises a first robot
for transferring the wafer between the neasurenent tool, the transfer
chanber and the wafer cassette, and a second 10 robot for transferring the
waf er between t gt t r dhisf ppacdaandfetaiartd, iherept e ehsmber doagirisessher ei n t he
nmeasurenent tool is.npunted on the faciory interface or the, i nframe. 35.
The apparatus of2 Epame fORmREHIRS th e BpldY e P%Q?S?Sl%ﬁ‘gﬂl%s’é‘gﬂgﬂlge{h@ﬂ&sﬁ

15 36. Theéﬁ&&éﬁﬁ Worof claim 35, wherein the processor is configured to:
control transfer mechanismto transfer the wafer fromthe etcher to the
measuri ny tool of faetory heerface dasmontingerwafenedsaite; aink waf er; and control the
measuring tool to neagsure the CD of a structure fornmed in the 20

Under | ying | ayer® JA0SFeCHARHRE LeDYen S gamBigelion Weihofbi BAnfHRg 0 e he
process toohcieANRiHes, an etcher, the process is a photoresist trim
process, the first process paraneter values conprise a photoresist trim
reci pe, and the phraseasthe transfer msthapisme domprigasrit fixst ratied fet wimesferting e Wafem an

25 etch prqcess the wafer after 1he_photoresist. tri rocess is
per for med gerv iy UarupsttBhn ol T LR ARRbEP i o5 WM R e second
processor i1sb&abf irsf@Eink e WaRE b&tvebl e tfantfef EHanitRe BN Pré®sdin@meler the

wafer fromthe etcher to the neasuring tool after the etch process is
performed on thevigaeiar thegmepasurement tool is mounted on the factory interface or the

mainframe.
35.  The apparatus of claim 31, wherein the process tool comprises an etcher.
15
36. The apparatus of claim 35, wherein the processor is configured to:

control the transfer mechanism to transfer the wafer from the etcher to the
measuring tool after the process is performed on the wafer; and
control the measuring tool to measure the CD of a structure formed in the

20 underlying layer at the etcher.

37.  The apparatus of claim 34, wherein the process tool comprises an etcher,
the process is a photoresist trim process, the first process parameter values comprise a
photoresist trim recipe, and the processor is configured to control the etcher to perform an

25  etch process on the wafer after the photoresist trim process is performed on the wafer.

38.  The apparatus of claim 37, wherein the processor is configured to:
control the transfer mechanism to transfer the wafer from the etcher to the
measuring tool after the etch process is performed on the wafer; and
30 control the measuring tool to measure the CD of a structure formed in the

underlying layer during the etch process.



30 control the neasuring tool to nmeasure the CD of a structure formed in
the wunderlying layer during the etch process. WO 03/ 075342 PCT/ US03/ 05617
23 39. Thwoappasmatus of claim 37, further conprising an asttumgsososd1p
processing unit nounted to the mainfeane or the factory interface for
removing residue fromthe wafer, wherein the processor is configured to
control the transfer nmechanismto transfer the wafer to the ashing strip
processing unit after the etch process is performed on the wafer. 40. The
apparat us of clajgn 39y d 60BR{rh $7" Gyrhef | BADEIG . CIHAARET e FRY Prkssih
the factory interface fo%@?%gsni ng tlhe \’Ngl%ere, C\/\%@r el %Citﬂhe prgocegg%r I'S 3
configured unit meonted db thhena;inﬁimé er t]meg?a'mysimetfa@ femshevinghesigat drom ghe he
O e S thd Bercp e i nTehldd BR8P e BRRE HORehiSh b MEantfR) o'
the wafer to the ashing strip processing unit after the etch process is performed on the

wafer.

40.  The apparatus of claim 39, further comprising a cleaning chamber mounted
to the factory interface for cleaning the wafer, wherein the processor is configured to
control the transfer mechanism to transfer the wafer to the cleaning chamber after the

ashing strip process is performed on the wafer at the ashing strip processing unit.



