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25  semiconductor surface. Removal rate is directly proportional to downward pressure on the wafer,
rotational speeds of the platen and wafer, slurry particle density and size, slurry composition, and the
effective area of contact between the polishing pad and the wafer surface. Removal caused by the
polishing platen is also related to the radial position on the platen. Similarly, removal rates may vary
across the wafer for a variety of other reasons including boundary effects, idling, consumable sets, etc.

30 Another problem in conventional polishing processes is the difficulty in removing non-uniform
films or layers, which have been applied to the semiconductor wafer. During the fabrication of
integrated circuits, a particular layer or film may have been deposited or grown in an uneven manner
resulting in a non-uniform surface which is subsequently subjected to polishing processes. The
thicknesses of such layers or films can be very small (on the order of 0.5 to 5.0 microns), thereby

35  allowing little tolerance for non-uniform removal. A similar problem arises when attempting to polish

warped surfaces on the semiconductor wafer. Warpage can occur as wafers are subjected to various
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ast88he enbodi ments of the
present i nvehkd mesentitventierf feldrepsem]he ptoplems déreripadraboel by edntrolling a wafer property

in a semiconductor processing tool using data collected from an in situ sensor (i.e., a sensor that is
capable of collecting data during processing). In at least some embodiments of the present invention,
data relating to the wafer property is collected during a process executed according to wafer recipe

30  parameters. From there, the process is adjusted by modifying the recipe parameters according to
comparisons between the data collected by the in situ sensor relating to the wafer property and the
results predicted by a process model used to predict wafer outputs. A subsequent process to be
performed by the tool by utilizing the data collected by the in situ sensor is then executed.

In at least some embodiments of the present invention, the wafer property to be controlled
35  includes wafer thickness. In these instances, the tool may include multiple polishing stations, with each

device being capable of controlling a polishing parameter, such as polishing time. Furthermore, data
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FIG. 7 is a high-level block diagram depicting aspects of computing devices contemplated as

25  part of, and for use with at least some, embodiments of the present invention; and
FIG. 8 illustrates one example of a memory medium which may be used for storing a computer

implemented process of at least some embodiments of the present invention.

Detailed Description of the Invention
In accordance with at least some embodiments of the present invention, a technique is provided

30  for controlling a wafer property in a semiconductor processing tool using data collected from an in situ

sensor. Specifically, at least some embodiments of the present invention contemplate utilizing data

collected from an in situ sensor during a manufacturing or other similar process for optimizing

subsequent processes. In this manner, the techniques of at least some embodiments of the present

invention contemplate using this information in conjunction with the processing of subsequent wafers.
35 FIG. 1 depicts at least one example of a chemical mechanical planarization (CMP) apparatus 20

utilizable for implementing at least some aspects of the present invention.
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35 During actual polishing, three of the carrier heads are positioned at and above the three
polishing stations. Each carrier head 100 lowers a substrate into contact with a polishing pad 32.

Generally, carrier head 100 holds the substrate in position against the polishing pad and distributes a
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30 Still, referring to FIG. 2, wafer properties, such as thickness data and/or other information
detected by in situ sensor 210, may be forwarded before commencement of, during, or after a
manufacturing process, such as a polishing process, in real time, to a control system 215. Hence, if the
manufacturing process is a polishing step, control system 215 is implemented to control each of the
steps required to obtain a particular wafer profile (as will be discussed in greater detail below). Thus,

35  control system 215 is operatively coupled to, in addition to in situ sensor 210, components of CMP

apparatus 20 to monitor and control a number of manufacturing processes.
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30 FIG. 4 depicts one example of a process implementable for controlling a manufacturing process

b

contemplated by at least some embodiments of the present invention. Initially, input wafer properties
or premesurement information, such as wafer thickness are collected, and fed to an algorithm engine
implemented in the control system (STEP 405). As will be discussed below, the input wafer properties
are entered into a wafer model, which in turn generates recipe parameters for obtaining an optimal or
35  target wafer property.
These input wafer properties may be received from or collected by any number of sources,

including for example, inline sensors 410 or sensors located at a particular tool or platen before, or after
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a parti ewpuis. B eypimpﬂe, each of the profiles of FIG. 3 may be implemented by a particular step or
combination of steps performed by one or a combination of tools. Thus, based on a desired final wafer
property and input wafer properties received from the above described sensors, the model may predict a
30  range of recipe parameters predicted as being capable of producing those desired final properties (e.g.,
thickness or uniformity). As such, based on this data, a recipe is generated to optimize, for example,
the within wafer range of the substrate (i.e., the thickness throughout the wafer).
Subsequently, in situ sensor 210 is dynamically calibrated (STEP 430). For example, inline or
upstream tool sensor data may be used to reset an in situ sensor to address any changes that may have
35  occurred as a result of normal operation of the manufacturing process.
Once in situ sensor 210 has been calibrated, the manufacturing step is commenced (STEP 435).

In the case of a polishing step or process, a carrier head 100 lowers a substrate into contact with a



conbi nati on of steps perforned by one or a conbination of tools. Thus,
based on a desired final wafer property and i nput wafer properties

recei ved woaniodted above descri bed sensors, the nodel nay pcadisot/19180 range
of recipe paraneters predicted as being capabl e of producing those desired
final properties (e.g., thickness or @niformty). As such, based on this
dat a, apqlieltiilgf)lmdi?:g §pmwedicaliye dletsobsuptb il risdewerbdimntoakapgiisking pddB32 aik plassnreviad er
range o Str . the thickness th out the wafer

Subsequzht e SHRL b eddno s B GG Bat PG AR gt OF 20t s o
exanpl eaneragalmelthnugh ﬂmmt@dnnehom Ide&elml@m thdabmcxnragla ﬁmsm:agplrotess ogset an in
situ sensor o address _an 35 o #‘rred as a.result

of normal operatfon of ‘the s %ctte%?sqﬁ“mg ‘%&8@%@00 P RIPEY IRERESY 210
has Sbeen cal Divingtpelishitghia smsunﬁcaaﬂﬂlmmgucmslgmea@mm@ﬁ@eﬁﬁfﬁﬁb iBate I N

t he cas p|IShI 9 rrier owers a

subst r a(s ?ﬁ?"& contac ”19 tﬁ? %Pgmn\ﬁ)gf&% T%% Tﬁﬁﬁ?(ﬁ(g'fin?m%g' 156?4 P RY pad
32. Speigisitu seaéolr 910 tSubsequdsﬁthhﬂs datd (e.g. ,sthllchwm@thenmﬁarmhlﬁmp)(zlcbﬁlbziragagaaldt the at
a pressyre ned acco e parampters

gener at 88" r?sﬁlts A e(IthS‘?E)f %‘e con{%ﬂ paem srrﬁosdfge&rﬂp &@e&gﬁéﬁ ﬁ“e ! ﬁ“ﬁB‘Efa’h Fhi s

enbodi nenged |t<scoaig>axeracﬂueidneasured1@sm ngainst predictionp of ths modd. Phieca $aist soiber

manuf act uri.n esses are al so.co | ated as being within the concepts
o Phe SuiteulitpR oPHERRET Al En i E G T §ike St B obbisdpr shge

conti nmweypnémmmmhmbmi aqnianpmrmgasﬁréd dhe substrate (STEP 440). For
exanpl e, therﬁrihl ckness of th 1y in real

be
time by in Situ Sensora ﬁfn%éugl {5 uerﬁ?c}lwet rﬂ?@g%ﬁ?’ﬁg E’ré’czfg nﬁ?“ilﬁ @ﬁ ness or
ot her isobswateahitlomys as sn wnp&r & ctheag@smed ortabigal tiexipeetie grestersatkiisner than pupectedt ed

by th t P 44 t dat

i g us 2(1(§ ?%lg é@%éy Sam%gtr qa rreas ur ed' eﬁusl T%aa%dfaaicﬁosf%mgly eg?rze‘!f(?%?‘}g’egtgo': hea :
nodél . mdassed sbsttagabickieenie g@@teeﬂhhmpiedrﬁm sheqiohﬂing tpnmeyriie exteudadtor Dreased

cont emb“ﬁﬂgﬁ) nE‘i’(%Wls ?fstg? a(l)sQ;[ed gub e fhlc e?s%l Jess (t)hsr%ﬁglr,e | 1chzlgj| tﬁ%glo igﬁggﬁedl ctions

fromthe reasur ed
uti | i zeokytbe she¢nédjortdageavachuf act uri ng process Usi ng the subst rate

t hi ckness a red ac r or

it mnor ¢ hardEils SHATRNE st i pdRARI a0 Al L SETRA R b PR GRET

nmodi f i eangadSBERH Y Ithe. opPatin gpegamtas, mciudtdgéoﬂeﬁampiaﬂmrtmb a wbﬁch thatta&gett h| ckn es s

i rea. t hi t.] ct eased
p° dhfnel A oBLEEH £lspla (L0 B LA 00 IR KR R L0 0 Sab P

pr edi ctoe thforpagorpiodicrging m@t & shoger polishitgetindiban podiced (e glédy neasiel for @atahlhg aot her

hand, t
vma'? hi n B %Cg[%g& 8&1&'?&%@@?3(%%% '%gg%a% E(%n L{ngﬁ(%lrvyith J&b‘%ﬁu&é% %asr sS 8‘%#1 gﬁ 04 ng for
exanpl enadhks tubseguent praficiadn rhdyebetmandife 112®corldam:k whshlmechdatteal"ﬁhed at lesst saneed

STEP ata or
B e g S T R R R e S L 0 il
by 2a rrtsd@let)ueflfo‘rlnsobt aining a particular profile may be saved and utili zed
t t
P SOt g SURSRAMENT aABLAL S SRERLL AL blerPiy REF LS 2R RV
| east gererm ‘avithdiaterticentol uiitgin pitesseser ditmyvEnthen i B0 stnsophfatmation iday ke ng

I nfor m?ltsédq@r rﬁﬁ-lt(l—ﬁl(ﬁtcgﬁjcrdcl LR PP ﬁigtir{gﬂighihgbe?tx%ee%lf)?a%&lg Hr?ﬁlatgﬁjgélavior. For example, as

discussed above, data from each in situ sensor may be used dynamically to measure productivity rather

30  than using an averaging of all of the platens. Similarly, input data from upstream tool sensors and
inline sensors may be used to calibrate an in situ sensor.

Referring to FIG. 5, one example of a modeling process utilizable for optimizing the recipe
parameters of the present invention is described. In particular, input wafer properties measured by, for
example an in situ sensor, inline sensor or upstream tool sensor are fed to a control system. For

35  instance, the thickness of the incoming wafer 532, the time required to obtain a particular profile 534,
and/or polishing pressure 536 may be entered. From there, the model 510 generates, for example, the

recipe parameters 520 predicted as being required to produce a particular output or target property, such
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30 by adding, for example, ten seconds to a bulk removal step.

Accordingly, in this example, if the endpoint removal time is relatively high, the bulk removal
time may be increased (STEP 640). In any event, whether the times are adjusted or not, the actual
measured times are stored (STEP 645) and used as feedback in subsequently runs. As a result, the data
may be used for run-to-run control in subsequent processes.

35 FIG. 7 illustrates a block diagram of one example of the internal hardware of control system
215 of FIG. 2, examples of which include any of a number of different types of computers such as those

having Pentium™ based processors as manufactured by Intel Corporation of Santa Clara, California. A
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i ncl udetdigprredenifer-ar ed transmtter 778 and/or infrared receiver 776.

Infrared tr aﬁﬁ.riStig &l iﬁuﬂa&onocgtajl Q{E%plléfy !:H‘rhﬂu'te% ?eqdmelﬂel}lm medium 884 utilizable for

storing computer readable code or instructions including the model(s), recipe(s), etc). As one example,

30  medium 884 may be used with disk drives illustrated in FIG. 7. Typically, memory media such as
floppy disks, or a CD ROM, or a digifal video disk will contain, for example, a multi-byte locale for a
single byte language and the program information for controlling the above system to enable the
computer to perform the functions described herein. Alternatively, ROM 760 and/or RAM 762 can also
be used to store the program information that is used to instruct the central processing unit 758 to

35  perform the operations associated with the instant processes. Other examples of suitable computer

readable media for storing information include magnetic, electronic, or optical (including holographic)
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addi ti oAl heast Sore enbodi nents of the present invention contenplate
that th&°€8 onputter F5"e8dabl e medi um can be a transmi ssion. Enbodi ments of the
present i nvelitd asw tcba a;mtqstiaaetdendi hm;tersmd iatthe pEcific embodifnerg 061t tivait eerition
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conbi na |on ereof. In such enbodi ments, the various conponents and steps
woul d be inplenented in hardware and/ or software to performthe functions
of the present invention. Any presently available or future devel oped
conput er software 10 | anguage and/ or hardware conponents can be enployed in
such enbodi nents of the present invention. For exanple, at |east sonme of
the functionality nentioned above could be inplenented using C or C++
programm ng | anguages. It is also to be appreciated and understood that the
specific enbodi ments of the invention described hereinbefore are nerely
illustrative of the general principles of the invention. Various 15

nodi fi cati ons may be nade by those skilled in the art consistent wth the
principles set forth hereinbefore. WO 02/ 103779 PCT/US02/19117 12 CLAIMS
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1. Anethod for controlling a wafer property in a sem conductor processing
tool using data collected froman in situ sensor, said nethod conpri sing
t he st epswof02/1837¢(94) setting reci pe paraneters rel ating toPsaiusomwes1er
property according to a process nodel, wherein said nodel is used to
predi ct wafer outputs; (2) executing ayprocess on a wafer with the tool
according to said reci pe paraneters; 1&13) collecting data relating to said
waf er property during execution of &k $ocess with said in situ sensor;

10 (4) sting said process by nodifying said reci pe paraneters according
to conp Fl s between said data collected by said in situ sensor rel ating
to sai vvafe rt resy |ts predicted said nodel ; and (5) using
sai d da @gorﬁér‘tgoilf %rlp{opeg%wnq%nchcm B‘@é@%‘n%wohusg’@ﬁé‘équent

waf er tan,utsmed feoneaing i EbYlser'b@JdtrﬁHﬂhod cﬂ;ﬁrpﬂsmgTdﬂestBiﬁtdﬂOd of claim1, wherein

sai d propert cog;prr ses. wafer thickness. 3. The nmethod of claim1l, wherein
sai d t ool co(i)pri GUing recineiPRRmATs Jelginedo said WelRePrRAr JECORting 1o 2iPRacess mgdek ei n
sai d t oofleret0 s in6ds istusgdl td paldict Wafef ovps@gessi ng resources, each of  which

i ncl udes an (122 situ sensor, and whé ei‘n datqi fromone in situ sensor may be
forwar ded t d*anotTEFIHNG p BOSES Phe WAL BHih the (9o ageamdingtp pald Fe6ip? ARSIt i on of
said. proceSS(S) 20 collecting dire tndielg @f safel vedfénplopefty i@ lex&aiGH df$hid @rdcéle withep of
col l ecti q ta froman inline sensor; é) Integrating said data coll ected
from sasta‘gi P4 §9%%ensor with said data coI lected fromsaid in situ sensor

beflgr e pl‘ ocegpi NGdfniith saldpsaesseytmotetag sat@recfﬁ@@mﬂtﬁét@@dcc@fduﬁé B lcbhparishRer ei n
data cqll ected.from sai |nI .ne sensor _is utill d to calibrate said in

situ selfsBFn Sagdafa cofigare n §ifu EPSPF FRlafing $9 §2 e PEWHIY %‘?drfﬁsuttﬁ%re@'?té?) of
col | ecttyngidaaidal; indom a sensor | ocated at an upstreamtool; and integrating

sai d data colectedfr sai treamiool with said data collected from
said in si ttf ) sedSte SB@FW&O@FB@ Sg'é?e&“’glﬁrb%%taif’éﬁ?n rpbgsauens watehi@ bypt hod
of cl aiexechtedwhdieabsl. dat a col | ect ed from said upstreamtool is utilized to
calibrate 30 said in situ sensor. 9. The nmethod of claim1l, wherein said
parlaneter s iTelmedodaf ghack ek shidopeitPconffiBesweitbraiclafsc| ai m 1, wherein
said data collected by said in situ sensor is used for run-to-run control
on subskequerithewafted of ghiock sdhedinxyidzen] dohmrizks a WOskig dOaé79 PCT/ US02/ 19117

13 11. The nethod of claim1l, wherein said tool conprises a plurality of
procesdi ng dléwinwé@d oéelailm Ihfwhenatni said toad comuehesss aapluliahtyﬁpmcaeingmsour@ackam\ﬁr ein

data f WHRHIR udegaé n SHP gei%.rs]ér antd%%repneda?aofr?n?‘ E)ne dl{l\é\f th sen ozri nay P'e ffé\‘?ﬁ@ giotg %gothe/&

situ sensor alre resu
met hod pernessmgntspmm mrrgalammihemg geapien bgrsatdrpr@cessem conduct or processing tool
usi ng data

20 5. The method of claim 1, further comprising the step of collecting data from an inline sensor; and

integrating said data collected from said inline sensor with said data collected from said in situ

sensor before processing said subsequent wafer.

6. The method of claim 5, wherein data collected from said inline sensor is utilized to calibrate

said in situ sensor.

25 1. The method of claim 1, further comprising the step of collecting data from a sensor located at
an upstream tool; and
integrating said data collected from said upstream tool with said data collected from said in situ

sensor before processing said subsequent wafer.

8. The method of claim 7, wherein data collected from said upstream tool is utilized to calibrate

30  said in sita sensor.
9. The method of claim 1, wherein said parameters include a processing time.

10. The method of claim 1, wherein said data collected by said in situ sensor is used for run-to-run

control on subsequent wafers processed by said tool.



5 collected froman in situ sensor, said nethod conprising the steps of:
(1) collecting data with said in situ sensor relating to said wafer
property WOreng7a9 process executed according to wafer re®CpaSpAIENEt ers;
(2) adjusting said process by nodifying said recipe paraneters according to
conpari sons between said data collectdd by said in situ sensor relating to
sai d waflér pilbpeethyd afrrdaimdswmrsinrsaiéctiobd:cm@ris&& plh;taliaty pfmo&s&ingmdieés eehdf t O
pr edi ct nd.( ta.col
Censor PATL o1, BithSi 8% (R HEERAad R 8 PSRl B g 1
The net ﬁodlambthcmmmm s:bﬁs,ormer@lmsmwmsarepesnits feoah) eesh devgceconpri ses i ncreasi ng
or decreasing a processing tine. 15 14. The nethod of claim 13, wherein
sai d pr dgessiAngethodier conplling e wafeopropdniyriga ténienddddor pfvessingttdrd dsing datd ai m 12,
wheregin i |, ¢ r cessing resources, each of
whi ch i ﬁ@% %%grgglﬁn%ﬁ&@ls?%ggéar%%%ret%ogc %/\Hnigﬂ% S%Ba?fz fromone in situ sensor
may be forwafBed pdlecarrgnamltlmamhesm segror efatiug Gesaidrwate glopbitynaurily kiprigess
execut i net hod of claim 12, further conprising
t he st eg%gﬁé%%ﬁ%ec |t(()r)1&’gf§is emp??%?ﬁneg%rs’l nline sensor; 20 and integrating said
data coll ect €4 fr adyu:stlagdald pltocersebﬁmn&fmngmaidhecsrw ;ﬂraﬂ&teas amcbrtliﬁgtoesabnfpmdmsn§ ai d
| n SI tu f f sai d

Bet@? %{gl cQt% cgﬁne%FeH b?(gaug sntg s%nsor relfltln it ec iafﬁbpragletrtg 3111; reFH-IIQ pgegﬁcig
I océ@ edbaaploaﬂs upsetlmeealrtvpmdﬂc;w:zfﬂobuﬁﬁts; atdegr ati ng sal d dat a collected from

sai d upstream\t oo l.I.ected fromsa

bef or eppr oc e? di nghsslﬁ %n scéjthlgcgeﬁj?) Y ngj & Situ pEnsonin 4 pr%f’ Sﬁé’a agﬁbsﬁqug?trﬁ’ ar{]ef% be
wher ei nesauted biatha taobl | ect ed by said in situ sensor is used for run-to-run
control on subsequent wafers processed by said tool. 19. A systemfor
control 13.ng Ahevatbed grobqumrllywheoapsaiditepgf a@0stmg sempriseniaioressorg opdatesiag ag t ool
capabl e r%fzesgiﬁgﬁfﬁé' ng a process for processing a wafer according to recipe
pararret rs refating to a wafer property an in situ sensor configured to

col pct 14at arhehahbd\d iifm 3] tholll Eid ROQREI il NGk BERGHIAR OF  said

process; and a processor use or settl g sal recil pe araireters

accordi pg torge ﬂétﬁ&c??eef@qgl w g?erm S BH1R TGN d M?afh%}’of%%tcggpg resm%eéagh sai d

processor is utiliza jUStlng sal pro €ess
02/ 103770vipchTinelades an gusity senpay, ansh whereiicdatrelrera praip tsist senens ooy He fngwenrded to

conpar i sofsr PRLMERI S 19%?’(1&9«!1111’91 %;@egut%% o?@zh&%n'g@es?' tu sensor relating to

said wafer property and results pre I ct by sa nmodel , and wherein said

process@s. USeRe Séhsh orddliA 18 Ghlikse Eﬁgprﬂiﬁﬁ R s@,p off cocﬂeEtﬂl_F%%ﬁ%Rﬁn ATt e@é GESS on

a subsequent wafer to be executed by t he system o alm 19,
whet®i n2ai d waf er property conprises waf er th| ckness.

integrating said data collected from said inline sensor with said data collected from said in situ

sensor before processing said subsequent wafer.

17. The method of claim 12, further comprising the step of collecting data from a sensor located at
an upstream tool; and
25 integrating said data collected from said upstream tool with said data collected from said in situ

sensor before processing said subsequent wafer.

18. The method of claim 12, wherein said data collected by said in situ sensor is used for run-to-run

control on subsequent wafers processed by said tool.

19. A system for controlling a wafer property comprising:
30 a semiconductor processing tool capable of executing a process for processing a wafer
according to recipe parameters relating to a wafer property;
an in situ sensor configured to collect data relating to said wafer property during execution of
said process; and
a processor useable for setting said recipe parameters according to a process model for

35  predicting wafer outputs, wherein said processor is utilizable for adjusting said process by modifying



5 21. The systemof claim19, wherein said tool conprises a polishing
device. 22. The systemof claim 19, wherein said tool conprises a plurality
of proceswpY/103330uUr ces, each of which includes an in si®PaTaSnyol7 and
wherein data fromone in situ sensor nay be forwarded to another
processing resource in real tinme durindg4execution of said process. 23. The
syst em ofid oicipe pard@etefs aedonding to oompparisomdearen sud due elasarbycaidfin gursedot o

col | ect , ' said data .collected fromsaid inline sensor is
ot eor af S ARELY bkl 38) fafif bRopRa by S ot B FRuSin sl pRopSrRg s

pr ocessidag caliEc@d byssdnsen sensafires pro2:ds onfhabsysdne wafef todk akaru2d by thhesoki N dat a
collected fromsaid inline sensor is utilized to calibrate said in situ
sensor. 205. Thesywiestarlagh 12 |vdierrinl@id Wafiertphgerty amprisssi widerahislensor | ocat ed at
an upstreamtool configured to 15 collect data, wherein said data

col | 2ct @8 f r Ghe syaieth afipkim é&wherol saidgodl noregyisat epblishingdevired dat a col | ect ed
fromsaid in situ sensor before processing said subsequent wafer. 26. The
syst em @2. cl dhesy38m oklcrimeil ) vdatem il tdd comptists ophushiydf pros¢ssie@restunas, dash
utili .Zegf &Jﬁ}l ﬁ;ﬁllcfugés%?n sn%,%lﬂ% }, 0 ds&zﬁeyeﬁ 12 Rbm og 7i‘n smg S&St ?%\ ﬁgrwgrldg Ay 19,
wher ei n sai d par ameters iPRCl ude a processing tirne. B0 28 Ve Syst em of

cl ai m 19notigh proe¢ssing seischretan scat ¢ dwingdxdeytigaifdaifl proséss.u sensor is used for
run-to-run control on subsequent wafers processed by said tool. 29. The
syst em @8- cl dhesys®m afkleime il fgthedcdnpoking emnptineessoacqifigniad io opllat dga,odessi ng
deviy§es i@ Rahc oG il IEWASS Aol o 2h Ln S8PIHL corBG MOSTSA [ JRLALT OM
one In situ sensor nmay be conpared w ata tromanother in situ sensor
to in r bgbretpropessing seid mpweqentesddrt s from each device. 25 30. A system for
controlling a wafer property conprising: an in situ sensor for collecting
dat a reP4t i ndbe systomiaf claanh 83, wherspadataycosted itpmesajsrinline senseixie otilized toxpplibrate

sem condlgQf L95€esSi ng tool according to wafer recipe paraneters; a
processor configured to adjust said process by nodifying said recipe
paranet egs a | ; j = ' I - idin
O o sensor T i R bR I e IRl B S a8,
pr oé®s s coHselefatay whatein srig aselrdlectobifrem saidipsiream toghid injeeatest withssaiddlaprcoiestedor i s

confi gupes <@ iHS& s&%bﬁbe@ﬁ%9ro€é§£ih££aficﬁéﬁb§%)iue%@i~9fe}.n situ sensor in a process
on a subsequent wafer to be executed by the tool. 31. The systemof claim

30, whepgin 3R &s@fQf BRRHPES, wheeA Ml BB QL dEdrd HRNBAREMbol (ERHIERRE AR
02/ 103779 PCT/ US02/ 19117 15 processing time of the tool. 32. The system

of cl ai PISH SITHFEFUI n sai d processing time conprises polishing tine. 33. The
system of claim 30, wherein said tool conprises a plurality of processing
resour c&§, edbnsysteh ofiplpiin 1Y, nbeisideaid apramptersiinclpdg @ REASPssing Higewher ei n data from
one ('5n %tu sensor may, be forwarded to 5 anot her processing resource in
reaflti A% duf PhyseRet Hrimp P> gherewsaid data cellested by saidi sity seapqs s used for Binrp-gen
f urt her can@BPdn sbdRGueatwifBlsiptRess@INS/Qhidesylf | gured to col l ect data, and

29. The system of claim 19, wherein said tool comprises a plurality of processing devices, each of

which includes an in situ sensor, and wherein data from one in situ sensor may be compared with data

from another in situ sensor to in real time to compare results from each device.

25  30. A system for controlling a wafer property comprising:
an in situ sensor for collecting data relating to said wafer property during a process executed by
a semiconductor processing tool according to wafer recipe parameters;
a processor configured to adjust said process by modifying said recipe parameters according to
comparisons between said data collected by said in situ sensor relating to said wafer property and
30 results predicted by a process model nsed to predict wafer outputs; and
wherein said processor is configured to use said data collected by said in situ sensor in a

process on a subsequent wafer to be executed by the tool.

31 The system of claim 30, wherein said processor is configured to increase or decrease a



wherein said inline sensor is adapted to integrate said collected data with
said data collected fromsaid in situ sensor before processing said
subsequerwowafied779 35. The system of claim 30, further compcirdisoyi®isensor

| ocated at an upstreamtool configured to 10 collect data, and wherein
said sensor is adapted to integrate saild collected data with said data

col | ect @bcessimgpms af theitavl.si t u sensor before processing sai d subsequent

waf er. 36. The system of claim 30, wherein said data collected by said in
situ sel8or The gpseah dfglaim Ah-vihereinumaid pametsing tingrcosphiss uisshingwiafeer s pr ocessed
by said tool. 37. A systemfor controlling a wafer property in a

sem condBct olbpsweesdichgn 8o ovheresi sagl toel tcamprishs g plutatitt of grdeessimg anourcessdatiu
sensor, I . rising: ans .for setting recipe paranete

rel ati ng??ig@%%%ﬁ%ﬁ%ﬁ%%?ﬁ%;g%gﬂ id ‘ggeétgﬁ 8??1%0?1811%1116?%(S:%lé%rpma%@(ﬁéc?ryvar\ﬂﬁ‘ifoei n said
nodef i snatsmgrocessipg edowte madaktime dirpigtesecutimpefsaifiprocessecut i ng a process on a
wafer with the tool according to said recipe paraneters; neans for

col | ect Bhg ddhasysehaificlagn 8@ ferdiedcanaiising pn tibies teysad vonfizggred xewlitdt datachdsai d

Pr OCeSS wiblolh saf T8 béhsbuls Rlabtda RERRRC. sHEANRAR bu @il Shil 08, 83 HPEOSSSS OY
nmodi fyi ng sai d rec pe paraneters according to compari sons ‘Deteen Sar d
dat a colil svisedothefaapmcdssingsaidisubegeant wefet.at i ng to sai d wafer property and
results predicted by said nodel; and neans for using use said data

col | ect 88 by Thasyateiorof slaim 3@ durder camprising p sesdomtedat Fuipsteguuenel comfigared t25 t 0

be ec . t f i erein.saj.d property
e SYESUNRABY LS L g SR ML MO Dl LR
conpr i sé&smgaidat siisersgr bibue procesdifg salhabsogaenewefef. cl ai m 37, wherein said tool

conprises a plurality of processing resources, each of which includes an
i n situ3&ensdhe sysisoh ofdleine Gy vahatein seidsktagnléected bg said inssin sarsomiaysed éor fror-namd e d

to 30 apgiles, fh %?k%rs}[p?o%%é&?@yi?{ht{xﬁ?' time during execution of said

process. 41. The system of claim-3 urther conprising neans for

col | ect ypng dat 1ol o : L [ sai d data
col | ect Ez fr %ns? %téarlﬁg(gchlﬁllrdrlllgl glsa!;ﬁag%ﬁ)%g{twgag? d a@g&(r.:g‘l%lgeg%? %g)gj;l%%dr%%gtgai din
sitdd s efdlspledEprap iy censer prid sien cowptisgient waf er. WO 02/ 103779

PCT/ US02/ 191 }ilans 36 sél%ng ;@Eflf)_e %Xr?jﬂl@cgfls %latﬁ)g% &cﬂ\;afeﬁ’mgﬂeﬁ& Qccq{’}fu?g th Q%I{o%gsﬁed from

said inline sensor is Utilized to calibrate saidin situ sens 3. The

syst em BRI vherrimsaid megel isaweddomisdics wafgr ks - for col I ecting data from a
sensor | ocat gatror ABLuURSE HOAR Slfé)l)vétfe?@ﬂl e %%b%oﬁﬁlr[g tb &ﬁcglgagér pdncidl,d data

collected fromsaid upstreamtool wth saird data coll ect om sald in

situ sensor B coliestingditnrglaging 9 saidiysbay peonertydifiag exegution i gaid procesprivish
cl apgn 43:id whes &nkordat a col lected fromsaid upstreamtool is utilized to

calibrate said in situ sensor. o ) ) ) ]
means for adjusting said process by modifying said recipe parameters according to comparisons

between said data collected by said in situ sensor relating to said wafer property and results predicted
by said model; and
means for using use said data collected by said in situ sensor in a process on a subsequent wafer

25  to be executed by the tool.

38. The system of claim 37, wherein said property comprises wafer thickness.
39. The system of claim 37, wherein said tool comprises a polishing device.
40. The system of claim 37, wherein said tool comprises a plurality of processing resources, each

of which includes an in situ sensor, and wherein data from one in situ sensor may be forwarded to

30  another processing resource in real time during execution of said process.

41. The system of claim 37, further comprising means for collecting data from an inline sensor; and
means for integrating said data collected from said inline sensor with said data collected from

said in situ sensor before processing said subsequent wafer.



45. The system of claim 37, wherein said paraneters include a processing
tinme. 10 46. The system of claim 37, wherein said data collected by said in
situ senswp 040a13ed for run-to-run control on subsequent PeaftsSoyi1gibcessed
by said tool. 47. The system of claim 37, wherein said tool conprises a
plurality of processing devices, each d6 which includes an in situ sensor,
and wheddi n dat sysfenorfictime 41, iwisicindagandertedifaom tpéd mbnpanediswtitireddatadibrafer om
anot her _i.3: S| sor toinreal time to conpare results from each device.
15 48. Aélguﬁlt‘e]lrg‘nmﬁgg controlling a wafer property in a sem conductor
processiyRg t I I . from i i sensor., saj d system
conpri si4%'g: ﬁe@gfl}g?élfrgcg Cc%ﬁ?ééﬁ@ﬁa&gﬁﬁ Igm iTh sal %’ﬂ?“%m% ?%tﬁ%glgr?ss 81%50?%) aé?d?/azg to
sai d wakerpspeagparbyndluri ng a process executed according to wafer recipe
par aget ers; ; j i i roce nodi.f ving .sal d recipe

par aﬁt ers a(@ %&gl‘)lfrfg{e?%g%%%%dar ?is%ﬁ%cgedgf? ot We g%eaén AT Végltsgldggﬁalc%l ‘-‘tcgeé %89’ sai d
in situszémsyn sebrdtefargpoeessing idsabenuept wger.ty and results predicted by a
process nodel used to predict wafer outputs; and neans for using said data
col | ect é8 by Thabwteimoislaim43.evierin dam @llpgtaldesssadumtirsnbeeduaiizedwmicelibrate  be
execut ed,.by, D6 kol - 49. The systemof claim 48, wherein said means for
adj usting conprises neans for increasing or 25 decreasing a processing
time. 5 Th . i i i r S| time conprises
pol i shi 81% ti %&@%wﬁglrﬁ%&@fcﬁ%&sac gfa%e%éssl gév%ﬁ%efa ?‘?F%gsz‘{.ggg‘t‘eoo| conprises a
pl ujgl i of e LCES, i.Gh:iac [
enidr %ind Whenanr s 37 e ERai R Mg M ol il (G, Bda b g doun

anot her cgntiot essbsrguent welgrspeodessed adaidtoele duri ng executi on of sai d process.
30 52. The system of claim48, further conprising nmeans for collecting data
from an47-nl i dée setesint clagmd’, whetinssaiddeol compsisena plngliyaf drodessiag dofidessadbff r om
said inLine- iy : _ ; L ;

Dot or e g ARl Rk Sp el apia ol e Ao} 1, Slrplte 8 AR Bl

f ur t her fremmpetherim gitursnses tofip Feabighe ©epinpye thanlts franoeackhdesiassor | ocated at  an
upstreamtool; and WO 02/103779 PCT/US02/19117 17 neans for integrating
sai ¥ dat® col weeRdorcruralling agvaiprPronsyin s miaandustos piogessing obwingaleteed from
sai d i NncQiekidd BEMIAn LRI HsEr, BEPHERRI B8 ﬁgjl% subsequent wafer. 54. The system
of claim48, wherein said data coll epPed y said in situ sensor is used for
run-to-run E6SER collprting P it sid inesite pagsgs refetingde tpidbyaleireperty dprings 55. A
conput eprobQaealbhied MREHIHNBS RhfeCRRbE Prddhdl@s;2 Wafer property in a

seni conductor processing tool using data collected froman in situ sensor,
sai d conput eFepIs AR vstigesaidpraCcess P modifyige saidspipe Parmeters deppidingth SQTPRAEISITO NS
for2@et bitReensaRIdRA PRICRIBY 84id in'ith &nkdlFelhith eS8 5Ad WakLhroprQREd fe¥ulR GRAEHaNg to
a process nodel, wherein said nodel is used to predict wafer outputs;

conput ePY # BReREHMEdS] Head it piefighealermipgteeadt i ng a process on a wafer with the

t ool accor di BgardsPor using said data collected by said in situ sensor in a process on a subsequent wafer to

be executed by the tool.

49. The system of claim 48, wherein said means for adjusting comprises means for increasing or

25  decreasing a processing time.
50. The system of claim 49, wherein said processing time comprises polishing time.

51. The system of claim 48, wherein said tool comprises a plurality of processing resources, each
of which includes an in situ sensor, and wherein data from one in situ sensor may be forwarded to

another processing resource in real time during execution of said process.

30 52 The system of claim 48, further comprising means for collecting data from an inline sensor; and
means for integrating said data collected from said inline sensor with said data collected from

said in situ sensor before processing said subsequent wafer.

53. The system of claim 48, further comprising means for collecting data from a sensor located at

an upstream tool; and



10 said recipe paraneters; conputer readable instructions for collecting
data relating to said wafer property during execution of said process with
said in swow28e313®0r; conputer readable instructions for adcwaiSongisai d
process by nodi fying said recipe paraneters according to conparisons

bet ween said data collected by said injgitu sensor relating to said wafer

15 property aigngsidtetstift Qi dtedlYedSRintsatDekeanabsl vEhBdlaeh cikedabbi
|nstructL8ns-for usi ng sald data collected by said in situ sensor in a

process S2g 1 SUSeRISRSIRERPrOGRTIRY Safdsupe b ¥efled by the tool . 56. The conputer
r eadabl 3 medi %m of claimb55, wherein said property conprises wafer
thi cknesd. 9P syfisa LSRR FR resrash deta ralisctdh b Said InsitHsensor igpwed & funsigin t ool

conpri sesnti] PR bubsdual wiRW B6essedBy £&1 todine conput er readabl e medi um of claim
55, wherein said tool conprises a plurality of processing resources, each

of whi ch35i nclaigdapuRnrehdhbil rhddiHERS BdntroRing a \WARK BloPerfldh @ séhiefNdR&6: frébesdidel
sensor n‘?ﬁ,be forwarded to another processing resource in real tinme during
execut i &Pl Biingdefarofpcsiddinm ansy situggasqroaid sPmPUteTgAfAblP Bediagl cOmPRNG | ai m 55,
further conprbspule reQANRE InBEuckiSRdaNeRink REipe Yehin@BS relftl 16 Qlid P&l figpedtgt @ from
an inline Edgtpsor; and 25 copputer readable instructjions for integrating

sai d daferorng BRPEges Medsls Whegelp sid meded dvtsert towradist walss #tt a col | ected from

said in situ cSﬁﬁlﬁﬁﬁedﬂ_&fl@fnﬁr@[i&%&&ﬁéx@@ti\ﬁﬁﬁ ProBesbsieaWamRt wiiafhe kool 8QerdiiB o
co ter .readabl e nedi um of cl ai m 59, erein data collected from said

inl ihe SUfLksPePYEAMEEEs] | zod to calibrate said in situ sensor. 61. The

conput er r eadadperFRAhBIMINOKucEbRifoR lectiht A4t RNatif @ PIEIdSIaRG pFRBRH R €adabl e
collecting data froma sensor |ocated at an upstream

instructions 0 .for

t ool ; aﬁ’éFCE%‘iM%tsaéﬁiP‘ioéeéﬂgﬁhéal‘?‘r‘i‘s“WEFé‘P‘?%ns for integrating said data

col l ected fr asmgsadrdeddaisit mSARibRTbr Alusting sSRll plocd@thdt nalfli8E tdrebihOparaadists i n
situ sensor, before pr OC???Si ng sajd slubsequent .wafer. 62. The conputer

r eadabl ACHERE A YRPAZISS RptEypen Wﬁlélra@icﬁ Ieptad Dy sy et sepspi B iingdr g2id BaleF eam t ool
IS 18ti biopetly 4nd résaltd frediéied Badaldl thdlleBahdl sensor. WO 02/ 103779 PCT/ US02/ 19117
18 63. The conputer readabl e nedi um of clai m55, wherein said paraneters
include a pr6 ‘?rﬁ?jldaetﬁ? Wét?ucgﬁl.s%fﬁﬁméé?’rgG‘t‘t%i:o%%t%%?aéi HEH WAIOBI LHTaGe 55,
wher ei nos akbsetpta et keiteretuliy by @iedodln situ sensor is used for run-to-run
control on subsequent wafers processed by said tool. 5 65. The conputer

r eadabl 86.medThermipuet sadabEomedidie 6Rd14mSa] Whdr@o baid fopyity Sempdsep vbifeathickyes e f
processi ng devices, each of which includes an in situ sensor, and wherein
dat a fr6Mm on&hé consputer readtbianedivmnyf demcSSTpisienlsad fobl @ailpdsck b palishingidbase. i n
situ sensor to in real tine to conpare results fromeach device. 66. A
conPlit ef8.r ea@abéanpuiedicadabieanedbombi cddini SA gwiseraiméaid toplrcoppritey aiphirality of

sem co ”gr%‘éés% REQG&ER Seiaagof ]hg htircl)c(i’llld !sj gﬂ irl’]l%itlg aé:[ ao C OId lW%g}eglddaIarf%anl c‘?flre]z iIil sr}tussierES%r
sensor, Psaid %onpu erFeadabi e medr UM conprt S hg:
may be forwarded to another processing resource in real time during execution of said process.
59. The computer readable medium of claim 55, further comprising computer readable instructions
for collecting data from an inline sensor; and

25 computer readable instructions for integrating said data collected from said inline sensor with

said data collected from said in situ sensor before processing said subsequent wafer.

60. The computer readable medium of claim 59, wherein data collected from said inline sensor is

utilized to calibrate said in situ sensor.

61. The computer readable medium of claim 55, further comprising computer readable instructions
30  for collecting data from a sensor located at an upstream tool; and
computer readable instructions for integrating said data collected from said upstream tool with

said data collected from said in situ sensor before processing said subsequent wafer.

62. The computer readable medium of claim 61, wherein data collected from said upstream tool is

utilized to calibrate said in situ sensor.



conput er readable instructions for collecting data with said in situ sensor
relating to said wafer property during a process executed according to
waf er recwpezped’anet ers; conputer readabl e instructions fecTagpustiing sai d
process by nodi fying said recipe paraneters according to conparisons

bet ween said data collected by said inl§itu sensor relating to said wafer
15 propéBty dhelcangsier teadgbleadeditre df dyimeb5pwhaes saidpaaheters édiudoa proeddsiag  waf er
out puts;. and conputer readable instructions for using said data collected
by said in situ sensor in a process on a subsequent wafer to be executed
by the t jeeliis rein said
cgrrputer rea('i(Q %fonﬂ& %’é ruc?J |I§?\d§&1§%9&mm§5n%€er 19 Salé daﬁ?foslfgcstecgb V\’%‘[a 4510 ChAb| e

i nst r uctis wesfof pm-to-nor@aisdling suhseqjleutrvw@s prgc@sepﬂa@smdmohg time. 20 68. The
conput er readabl e nedi um of claim67, wherein said processing tine

conp?i sé8. polThsrinmuyter teiadable G@liunT héclmmrﬁﬁuwmrem sadimb] @mpesisapludlitcbfai m 66,
wherein s r r ssin esources, each of
whi ch i Acl %Sgl éﬁ%ﬁce? %g%l is%chﬁ%cngdéE % %hé%nsor g ? ere’fnrc%tr%ff) PR AT 2 S8 ns or
may be fwyheareemredovitivotaiom gmdcemsmmgpnsoemrrwétma ta @alpateirespltdiverh agrh
executign.of said process. 25 70. The conputer readable medium of claim 66,
further conprising conputer readable instructions for collecting data from

i nl £ ] i f or. t d
Gat o ool et ad PpaE SaRRER Al LEARARNRE L DA HEMSIR e S IhaRR D Sa o
in &0t utmmwdab@bmdﬁmuwss isingsesssvir,daigumsgquemdahl/ahediummmpﬁm corrput er
readabl e md!:&’r%?«%:r (r)%hfdl«frl}ngﬁ{cug&érfgl%ﬁec i %Rz[té @1tﬁ%1& %%ge%%or aeqﬁ{ng o Sid w fer

i nstructions ma sensor an Upstteam
t ool ; apwpethngs proecse eskeed wsbndulgttcp wafsr £ape pandnegersit i ng sai d data

col I ected fr B SholiRALRSARLGAN Mubihe SR ARED 10 f@gg@gw&gé’%@a&s

situ sensor ore processi ng sal
r eadabl eccpudiaiorrahpacibans het@gsn Wdeia@lcnll®md@ydadm satolsetrmmtreldtutyo sad gafen situ

Sen §5) r %oﬁexjt&sa%g récsﬁ)llfs ﬂréﬂ?été&f A‘B}o&gﬂ%&gl usBd tOS[H&,bd?& QAR E)utmg;%(? processed by

sai d

computer readable instructions for using said data collected by said in situ sensor in a process

on a subsequent wafer to be executed by the tool.

67. The computer readable medium of claim 66, wherein said computer readable instructions for

adjusting comprises computer readable instructions for increasing or decreasing a processing time.

20  68. The computer readable medium of claim 67, wherein said processing time comprises polishing
time.
69. The computer readable medium of claim 66, wherein said tool comprises a plurality of

processing resources, each of which includes an in situ sensor, and wherein data from one in situ sensor

may be forwarded to another processing resource in real time during execution of said process.

25 170. The computer readable medium of claim 66, further comprising computer readable instructions
for collecting data from an inline sensor; and
computer readable instructions for integrating said data collected from said inline sensor with

said data collected from said in situ sensor before processing said subsequent wafer.

71. The computer readable medium of claim 66, further comprising computer readable instructions
30 for collecting data from a sensor located at an upstream tool; and
computer readable instructions for integrating said data collected from said upstream tool with

said data collected from said in situ sensor before processing said subsequent wafer.

72. The computer readable medium of claim 66, wherein said data collected by said in situ sensor

is used for run-to-run control on subsequent wafers processed by said tool.



