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TU SENSCR BASED CONTRCL OF SEM CONDUCTOR PROCESSI NG PROCEDURE 1
Applications This application clains priority fromU. S. Patent
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process in which individual integrated circuits are singulated (i.e., extracted) from the wafer.

At certain stages of fabrication, it is often necessary to polish a surface of the semiconductor .
wafer. In general, a semiconductor wafer can be polished to remove high topography, surface defects
such as crystal lattice damage, scratches, roughness, or embedded particleé of dirt or dust. This
polishing process is often referred to as mechanical planarization (MFP) and is utilized to improve the
quality and reliability of semiconductor stations. This process is usually performed during the
formation of various devices and integrated circuits on the wafer.

The polishing process may also involve the introduction of a chemical slurry to facilitate higher
removal rates and selectivity between films of the semiconductor surface. This polishing process is
often referred to as chemical mechanical planarization (CMP).

One problem encountered in polishing processes is the non-uniform removal of the
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.

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 proces;scs. The
thicknesses of such layers or films can be very small (on the order of 0.5 to 5.0 microns), thereby
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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on the wafer. Similarly, they do not contemplate integrating the data collected by the in situ sensor

20  with other information. Furthermore, data obtained using these technigues is utilized in a single

polishing process and in particular, is used only as an indication of when the polishing process should

stop, but not for use in fine-tuning the polishing process or for use in the polishing of subsequent

wafers. As aresult, the level of control provided is still not optimal. Accordingly, increasingly

efficient techniques for processing such wafers are needed.

25 Summary of the Invention
The present invention addresses the problems described above by controlling 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



techni ques, polishing data is collected in real tine by an in situ sensor.
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FIG. 4 depicts at least one example of a process implementable for controlling a manunfacturing
process of the present invention;
20 FIG. 5 depicts at least one example of a modeling process utilizable for optimizing recipe
parameters according to the concepts of the present invention;
FIG. 6 depicts at least one example of a process implementable for controlling 2 manufacturing
process of the present invention;
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

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

Detailed Description of the Invention
In accordance with at Jeast some embodiments of the present invention, a technigue 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 Jeast 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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several spray nozzles (not shown) which provide a high-pressure rinse of polishing pad 32 at the end of
each polishing and conditioning cycle.
A rotatable multi-head carousel 60, including a carousel support plate 66 and a cover 68, is

20  positioned above lower machine base 22. Carousel support plate 66 is supported by a center post 62
and rotated thereon abont carousel axis 64 by a carousel motor assembly located within machine base
22. Multi-head carousel 60 includes four carrier head systems 70 mounted on carousel support plate 66
at equal angular intervals about axis 64. Three of the carrier head systems receive and hold substrates
and polish them by pressing them against the polishing pads of polishing stations 25. One of tﬁe carrier

25  head systems receives a substrate from and delivers the substrate to transfer station 27. The carousel
motor may orbit the carrier head systems, and the substrates attached thereto, about carousel axis 64
between the polishing stations and the transfer station.

Each carrier head system includes a polishing or carrier head 100. Each carrier head 100

independently rotates about its own axis, and independently laterally oscillates in a radial slot 72

30 formed in carousel support plate 66. A carrier drive shaft 74 extends through slot 72 to connect.a
carrier head rotation motor 76 {(shown by the removal of one-quarter of cover 68) to carrier head 100.
There 1s one carrier drive shaft and motor for each head. Each motor and drive shaft may be supported
on a slider (not shown) which can be linearly driven along the slot by a radial drive motor to laterally
oscillate the carrier heads.

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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carriler wess smyszleefmsme edihitheepresaat 1hvﬁndoxsmb1$ﬁessaheem Situ Removal Monitor offered by
Applied Materjals, Inc. of Santa Clara, California. Similarly, in situ sensor 210 may include devices for
measuring capacitance changes, devices for measuring frictional changes, and acoustic mechanisms for
measuring wave propagation (as films and layers are removed during polishing), all of which may be
used to detect thickness in real time. Furthermore, it should be noted that at least some embodiments of

25  the invention contemplate implementing an in situ sensor capable of measuring both oxide and copper
layers. Other examples of wafer property measuring devices contermplated by at least some
embodiments of the present invention include integrated CD (critical dimension) measurerzent tools,
and tools capable of performing measurements for dishing, erosion and residues, and/or particle
morttering, elc.

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 2 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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to rermove greater amonnts of a substrate from an outer edge region. Likewise, other manufacturing

20  steps may be used to remove greater amounts of the substrate from a central region.

FIG. 3 illustrates at least some examples of a number of polishing profiles attainable by the
CMP apparatus 20 to produce a particular wafer thickness throngh control of a carrier head such as
carrier head 100 (Fig. 1). For example, profile 1 results in the removal of greater amounts of substrate
from a central region of the wafer. Profile 2 on the other hand removes substrate at a nearly uniform

25  removal rate from the entire wafer. Profile 3 polishes uniformly in the central region and more heavily
in outer regions. Profile 4 causes the carrier head systems to polish heavily in the outer edge regions
while removing less substrate from a central region. With a polishing process, each carrier head may be
capable of processing any or all of these exemplary profiles. Furthermore, other carrier head systems
and the like are utilizable in conjunction with the concepts of the present invention.

30 FIG. 4 depicts one example of a process implementable for controlling a manufacturing process
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,

inchuding for example, inline sensors 410 or sensors located at a particular tool or platen before, or after



FIG 2 depicts a block diagramof a control systemthat can be used to
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time to neasure one or nore wafer properties before, during, and af ter
execution of a 15 manufacturing process (though the neasurenents nade during
execution are of particular interest for/at |east sone enbodi nents of the
present & masufadteng stehde.gn eensxralopited atjappolishing teebstore 2ndishiag sicpk |Qgexamplowf er

t hi cknes [ We . ' t

dur  ng. palhhrigt PRoe Vs LRl INERUE WAH ok RPRLRRIE B 0 L RS Y

t he for nNofa ldedsaseg Instningmitse Eolmeft Rehovms dswaelion lane G008 offerd EhNampieticof Santa
jnterfergggec%tfol ii ht waves for purposes of neasurenent. One exanple of an
in situ eAdSM%uitable for use with the present invention includes the
In Sifu Renovhpuibarki mopeaofidsetiagdisb e rebpiptd fdn Matestrieah seaduniog tool orSeett-farv@irdr a,
Californja i.m|arl Ln situ sensor 210 .may i.nclude devices [for ..measuring
capaci ta#‘?@b‘igﬁﬁﬁgé&c’){mfc’@% Upsra %Igli‘rploﬁﬁmfg?/t??}tbf%ﬁ%? p‘ﬂﬁﬁ‘ﬂéé@?}' g‘hgusacoust iC
gec hani sas;@_nquﬁ; the)@ip@ilzﬁlrek ﬂ?y peureaspred pagaisbf@m z(é]aﬁmelf rjgbm tlﬁl’&dcr!] bﬂgtemk fingd Qeviemlaved
uring polishing), a | may be used to .detect thickness in rea
time. FuPEMERTHIFE StopEnd A B U U R ATR kel S R 2 O

t he i nvepbisamhaRrkeml AbeolbgiNbayRRh biiGhe RI-75™ sifértd BEREAFTGBRAP 6 Rse,

measuri ng both oxide and copper |ayers. O her exanples of wafer property
measif i néa]éfévliaces contenpl ated by at |east sone enbodi nents of the present
i nvention i NCiUgRerlifttR6dsaihe thpeDvATES frbpetiitls nthly BB DBiBE) by BARUIE FREdr po8Bbred to and
t ool s capabl e, of perform ng neasurenents for dishing, erqgsion and residues,
and/ or péReratingonpeion kb ingant toodolngbesp pxamndgsedaia gy boobtaiesd by swigping the
properti egyierhesd) aRbintsith 8@ SRrofbRn NG Qgiddk BES subBtkAE BEEbleQReculiS] BEhREesBY 1 N
situ sensor 210, may be forwarded before comencenent of, durin or after a
manuf act &f Hisgpsprdabes onesxamplg oF sich an [osp sepserripeedss theIp Sﬂe&rampvq#gfiontt@r a

cont {9l SYSLER 2ied NRMGHIs, Inb. Jf38nta CBRAAGHMIANG process is a pol i shing
step, control ‘system 215 is inplenmented to control each of the steps

requi red to obi ErH semperpbqdipgnssyof Wief RseseptipYeniien oatempidts infraragipng daia weei veddrom
greater Qfg&%hlhhﬁﬁ&pav)me HAVSsenstrs o gén@gkmgaeéfp@ BhrdrheedsS SAREERL drv&kdsomeup! ed

to, in addition to in situ sensor 210, conponents of CMP apparatus 20 to
noni t or eAkPdEesNty of|thepresgatiaYenE PN raFRTPARSE UiHizig dptesrrelyed Srompinkneignd ppyysamg
Control gyRk& BaRdettih kit &asdl@t a received fromin situ sensor 210 to adjust
or rg)odi fy any

After the wafer properties have been forwarded to the control system, a wafer manufacturing
model is used to optimize or generate recipe parameters, predicted as being utilizable for producing one
or more optimal or target wafer properties (STEP 425). That is, the input wafer properties are used to
dynamically generate a recipe for the wafer. Generally speaking, the recipe includes a computer
program and/or rules, specifications, operations, and procedures performed with each wafer or substrate

25  to produce a wafer that meets with certain target or optimal characteristics (including for example
thickness or uniformity). Typically, the recipe may include multiple steps required to obtain certain
outputs. For example, each of the profiles of FIG. 3 may be implemented by a particular step or
combination of steps performed by one or 2 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 43(). 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 Jowers a substrate into contact with a
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conjunction with the concepts of the present invention.
particular profile may be saved and utilized in conjunction with subsequent wafers. Specifically, a
model’s subsequent prediction may be modified in accordance with this saved data. Thus, at least some
embodiments of the present invention contemplate utilizing information collected from one run in
25  subsequent runs.

In this manner, the process of at least some embodiments the present invention may be used to
perform “within wafer” control using in situ sensor data. Further, in situ sensor information may be
used for run-to-run control and for distinguishing between platens and platen behavior. 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. 3, 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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ubsequently, the process enters a bulk removal step (STEP 610), where as discussed above large

amounts of substrate may be removed. The bulk removal step continues for a predetermined amount of

20  time (STEP 615), as determined by the wafer recipe. '

After the bulk removal step, the process enters an endpoint removal step (STEP 620) which
polishes at a rate slower than the bulk removal rate. The endpoint removal step continues until an
acceptable endpoint parameter, such as wafer thickness, has been attained (STEP 625). Then, polishing
stops.

25 Once the polishing steps have been completed, the actual time required to reach the wafer
endpoint for each step is rueasured (STEP 630). From there, the measured data is analyzed to identify
whether either of the steps may be adjusted te improve efficiency (STEP 635). For example, a
relatively long endpoint removal step may suggest that the bulk removal step time may be increased. In
this case, it may be possible to significantly reduce, for example, a forty-second endpoint removal time

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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20 756. In addition to these components, the control system also optionally includes an infrared
transmitter 778 and/or infrared receiver 776. Infrared transmitters are optionally utilized when the
computer system is used in conjunction with one or more of the processing components/stations that
transmits/receives data via infrared signal transmission. Instead of utilizing an infrared transmitter or
infrared receiver, the control system may also optionally use a low power radio transmitter 780 and/or a

25  low power radio receiver 782. The low power radio transmitter transmits the signal for reception by '
components of the production process, and receives signals from the components via the low power
radio receiver.

FIG. 8 15 an illustration of an exemplary computer readable memory 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, ora CD ROM, ora digital video disk will contain, for example, a multi-byte Jocale 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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t hi ckness of the incom ng wafer 532, the tine required to obtain a
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and/ or polishing pressure 536 may be entered. Fromthere, the nodel 5 10
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used t wogaapéégtawa%qt‘;ﬂ framyanip skmagBPRhvhersaideast as ebipld @crTROES ke e,
consi stent overall results and 10 efficiency. Furthernore, although the
exanpl progenies teniprisesFriGin-gvifer wiformitpsalemetyodicomprigidg wiet fieps ofcopper
process, it is to be understood that the techni ques described herein may
just as easily be utilized wth other types of processes, including for
exanpl e oxi (g pr eadss esipeParamteds oelatigy toideerdos mbretwdfer, prapertieasdieoriindy i n
situ sensor 210, and using it as feedback for subsequent runs, the

POl | SNigNpbeR el SAfdein iR iR ReusBAlldIbar: Lard Bkpuadvant age of . for
exanple, "~ 15 the greater polishing rates of the bulk renoval step. The
enbodi ment depicted in FIG 6 comences with the recei pt of wafer recipe
data (STEP ,£05) or.1nli : P 6 [ or
froman in Sru SQfhed HREFEWARE Bl Rt B EIE Y SRR A B B,
renoval step (STEP 6 10), where as di scussed above, |arge anounts of

substrate be r ved.. The .bu] k removal step.continues.for a .

ot edet or mi el anSUIRCUgE dat FRHEE eEPRIE mat SPhE B e hecvinney
reci pe. After the bul k renoval step, the process enters an endpoint renoval
step (BIEPSOH)WilksEAI0 HB) §685¥s at a rate slower than the bul k renoval rate.
The endpoint renoval step continues until an acceptabl e endpoint paraneter,

such as wafer thickness, has been attained éSTEP 625). Then, polishing
st ops. “ adjusting said process by modifying said recipe parameters according to

comparisons between said data collected by said in situ sensor relating to said one or more wafer

properties and results predicted by said model; and

&) using said data collected by said in situ sensor in a process on a subsequent wafer

to be executed by the tool.

2. The method of claim 1, wherein said one or more wafer properties comprises wafer
thickness.

3. The method of claim 1, wherein said tool comprises a polishing device.

4. The method of claim 1, 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 Once the polishing steps have been conpleted, the actual tine required to
reach the wafer endpoint for each step is neasured (STEP 630). Fromthere,
the nmeasured data is analyzed to identjfy whether either of the1§qﬁgs Ry
be adjusted to inprove efficiency (STEP 635). For exanple, a relatlveP

| ong endpoint renoval step may suggest that the bulk renoval step tinme may
be increased. Tﬂe%e&aﬁh%f% 1| h%?é!oxﬁgriflﬁgﬁlebs't 5% Bk g&%&ﬁéptowaﬁ %‘P&H?e for
exanple, a forty second en pbl renova Ime 30 by ad exanple, ten
seconds to a bul k renoval step, | Accordingly, in this exanple if the
endpoinFe?gﬁD time is relatively high, the bulk renoval tine may be

i ncreased (STEP 640). In any event, whether the tinmes are adjusted or not,
the actual measured tines are stored (STEP 645) and used as feedback in
subsequent | y ipiggsatingsaig dassetllectedeors said inlinpysepeoryeidus4ié data galleged Fameaist r ol
i n subsequent processes. 35 FIG 7 illustrates a block di agram of one

exanpl e inkitt kensonbeforegprobas thyanie wbsegonttrwifesystem 215 of FIG 2, exanpl es
of which include any of a Dunber of different types of conputers such as
those having PentiumIm based processors as manufactured by Intel

Cor por atd. on  OofheS@Bithdd OF alagn SCahifed! Mita colecteOfromltaidi1RAn® dn¥esSisasilik&®toTai n
information link interconnecting the other conponents of system 215. CPU

758 is thapeendtal, BEOGESs ng unit of the system perform ng cal cul ations
and |l ogic operations required to execute the processes of the instant

invention as well as other prograns Read only nenory (ROM 760 and random

RA| he .mai f th Di sk
Control Ve 5 Hean oA bR o histhsf GebPuhe O T s Te i Pl 7o,

These di sk drlves are, for exanple, floppy disk drives 770, or CD ROM or
DVD (di P42 9 etpsFamdyolgtidies 766, or internal or external hard drives
768. CPU 758 can be any nunber of different types of processors, including
those manufactured by Intel Corporation or Mtorola of Schaunberg

I11inois. Thehtaersing sgidadaiyeoltpsiaddeam S@dr\lp@t@aamgpohmesralwataw@lﬂ@ﬁe@rﬁmmwés
of menory devices such as DRAM and SRAM as wel | as various 10 types of

st or age inleith s@wor baforaphionessimggaet subsayudntopifecal nedi a. Furthernore, the
menory/ storage devices can also take the formof a transm ssion. A display
interface 772 interfaces display 748 and permts information fromthe bus

756 to Ige di'Bid myeodof chiimll, hercdBdatPicsPtcted 748 shiRl @)s&@arBNodlds baliadd to
accessory. Communi cations with external

calibrate said in sitv sensor.
9. The methed 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.

11. The method of claim 1, 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 te in real time to compare results from each

device.



devi ces such as the other conponents of the system descri bed above, occur
utilizing, for exanple, 15 comrunication port 774. For exanple, port 774 may
be interfaced with a bus/network linked to CVP device 20. Opti ¢aljFf i7taer s
and/ or electrical cables and/or conductors and/or optical conmunication
(e.g., infrared, and the like) and/or wreless comunication (e.g., radio

frequengy, (REA mesh fohGontidiBlg 680 0M0R0reUs &er ﬁl%};'@:ﬁ%sliﬂ ARSRRLhANERG prordehyeen
t he external devices and communi cation port 774. Peripheral interface 754

interfa h rd . 750 an 752, perm.tl] j dat

transm eadle SHOGREG N PRI REsd S re Rt R Mt IR o Rk b5
systemal so optionally includes an infrared transmtter 778 and/or infrared
r ecei vePTOPESLCY GRMEISEY Wi thHW WA LB mIFR SpifigAas FOmpHFing st ‘the
conputer systemis used in conjunction with one or nore of the processing
conponents/stations that transmts/receives data via infrared signa

t ransm ssi on.(1} nstesddctofg data Withisaigl iamith Aensar edatingivssaid enerorgporejwifierar ed
receiver, the control systemnmay also optionally use a | ow power radio
transm tpreperid@0daimg/aqyrode s2 bx¢aavedomoerdingwi wafe emeipegraratfersThe | ow power
radio transmtter transmts the signal for reception by conponents of the
production process, and receives signals fromthe conponents via the | ow
power radio @mecei éﬁ?ﬁstinglsﬁd PPodeSs Bﬂ middifyie’ satd RRipRfpatdm@¥BMRE Atk gagnput er
readabl e nenory nedium 884 utilizable for = storing conputer readabl e code or

ool um SRPARy S OtER SRR TECRleC LB AR Bl enfR it iR SRR ol
menory nedia.such as flo &%Sks, or a gquOé/l or adigital videq disk wll
Cont ai nPRRSFUGKANGFRIT 2regitied DB grikosest Bodekpedio Bt A @ puligidge and t he

programinformation for controlling the above systemto enable the conputer
to performthe functions descrjibed herein. Alternatively, ROM 760 and/ or. RAM
762 can al so Ghe ustg 1y datprallectrd By ¢ HnsitnTeasqrdiiaghotesaen p Subssghent gvafer
instruct the central processing unit 758 to 35 performthe operations

associ atebe nkedytediy thasednt processes. Ot her exanpl es of suitable conputer
readabl e nedia for storing information include nmagnetic, electronic, or
optical (including holographic) 11 storage, sone conbination thereof, etc.

| n addi tlBon, Ete thethed ofdaien épwhiernimmtag] aép ohadjpstegemimpriveenicrasingeont enpl at e
that the conputer readable nmediumcan be a transm ssion. Enbodi nents of the

presentdba%@gﬁ%g@nﬁggﬁﬁgnhﬁte that various portions of software for
i npl enenting the various aspects of the present invention as previously
described can reside in the

14. The method of claim 13, wherein said processing time comprises polishing time.

15. The method of claim 12, 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.

16. The method of claim 12, 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.



5 nmenory/ storage devices, In general, it should be enphasized that the
various conponents of enbodi nents of the present invention can be )

i npl enented in hardware, software, or ;& conbination thereof. In $h&hC 2005
enbodi ments, the various conponents and steps would be inplenented in
hardware and/or software to performthe functions of the present invention.
Any pregent | yyaval ] abl £ 1o, flt‘,tfH{)tﬁerdc%Y%'rf%Pngd[hg gtgg%lﬁ%&#%%%%\ﬁ%{ e, 4 {ppade
and/ or har dware conponents can be enﬁ}oye I'h~stch "enbodirment’s of the
present invention. For exanple, at |east some of the functionality

ment i onéFAEHGY én et EbRl @ enent ed using C or C++ programming | anguages.
It is also to be appreciated and understood that the specific enbodi nents of
the invention described hereinbefore are nerely illustrative of the general
princi pl es ofinteprtingvaddagrrollveied s saibupsigiemi toak wihsaidelatdenlleagé fisyn sdhdse
skilled in the art consistent with the principles set forth hereinbefore.
12 CLAI Mbsieseakad tafort Drédecsir@Oad kubsequamtdudet. f or control ling one or nore
waf er properties in a sem conductor processing tool using data collected
froman in situ sensor, where at | east one of said one or nore wafer

propertijgs camRrh&psd W &18in 10 88reid RhidQlamd %dﬂc_cf%ﬁib@ SRt Qs GeAR i SLde fblhx?n—

steps of: (1) setting recipe paraneters relating fo said one or nore wafer

properties. acc i reisn said nodel is used to
predictk%éﬁ%ébéﬁf85?%@£8§?R§§@%§§F%gg§hBﬁg%§§§&on a wafer with the too
according to said recipe paraneters; (3) collecting data relating to said

one or re fer properties during execution of said process wifth.said in
STt u sengor: A By SO HG G e 5F GReEE S PRUITASH Hc e G RbeRDe i aifeer s
according to conparisons between said data collected by said in situ sensor
rel ati ngare waigr proprstiey copppriseqafgin-wafer uniformity, comprising:

a semiconductor processing tool capable of executing a process for processing a wafer

according to recipe parameters relating to said one or more wafer properties;

an in situ sensor configured to collect data relating to said one or more wafer properties

during execution of said process; and

a processor useable for setting said recipe parameters according to a process model for
predicting wafer outputs, wherein said processor is utilizable for adjusting said process by
modifying said recipe parameters according to comparisons between said data collected by said
in situ sensor relating to said one or more wafer properties and results predicted by said model,
and wherein said processor uses said data collected by said in situ sensor in a process on a

subsequent wafer to be executed by the tool.

20. The system of claim 19, wherein said one or more wafer properties comprises wafer

thickness.



properties and results predicted by said nodel; and (5) using said data
collected by said in situ sensor in a process on a subsequent wafer to be
executed by the tool. 2. The nethod ofiscl aim 1, wherein said oné3diinbie
waf er properties conprises wafer thickness. 3. The method of claiml,
wherein said tool conprises a polishing device. 4. The nethod of claim1,
wher ei n»gai d hsS al i f I f -ces, each of
whi ch i§§|udé§9§4Sﬁﬁﬂ@?¥§ﬁ§E%g@#?&gﬁéhﬁﬁgfg,ﬁﬁﬁgfib?@%w§%ﬁ§ﬁ§ﬁ situ sensor
may be forwarded to another processing resource in real time during
executiag of said roqgjs. t; C.NB.?T Hhe met hod ﬁfl%lain11, tur}hgﬂtﬁ
conpri sifig t hESTEF b A8 LerTHICHATY 1Y SRR SFhi PREILE QS Bracegiiyg resotirees,
integrating said data collected fromsaid inline sensor with said data

col | ect &aclf powhishilgclpdessintin sy sersor et grlsrein e@JEIMENe &) HsIHsdgusn®e waf er .
6. The nethod of claim5, wherein data collected fromsaid inline sensor is
utili zedotvwardal icamather paicdssimg skourcs eneal timé duithg exeuhod obfaid padaersl, furt her
conprising the step of collecting data froma sensor |ocated at an upstream
tool; and integrating said data collected fromsaid upstreamtool with said
dat a col2ect erhd dyafehbat dlaihﬂl%ifbﬂhﬁ&%ﬁ@ﬁshgfa@riﬂliﬁﬁ QHOeSd g gl Rlddo Subaeguant
wafer. 8. The nmethod of claim7, wherein data collected fromsaid upstream
tool is Il ' [PlcIRY: ' - T im1,
wner ei n 'St SER 8, &l Bl Sl Shid! 1S SRR Jyn R R DR S
1, wherein sai.d data,collected by said in situ sensor is used for run-

t 0-run éEﬁHPéFU&W“?&B?@Hh@%?c%wﬁé?gﬂwg8%@5@@&589 said tool. 11. The nethod
of claim1, wherein said tool conprises a plurality of processing devices,

each of i ch_incl udes in situ sensor, and wherein data fromonpe. in situ
sensor y b el'he system of ¢ le 93, wherein data cofllecte&j from sa?d inline sensor (1)5 ut?lﬂzed to

calibrate said in situ sensor.

25. The system of claim 19, further comprising a sensor located at an upstream tool
configured to collect data, wherein said data collected from said upstream tool is integrated with

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

26. The system of claim 25, wherein data collected from said upstream tool is utilized to

calibrate said in situ sensor.

27. The systemn of claim 19, wherein said parameters include a processing time.

28. The system of claim 19, wherein said data collected by said in situ sensor is used for run-
to-run control on subsequent wafers processed by said tool.

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



conpared with data fromanother in situ sensor to in real time to conpare
results fromeach device. 12, A method for controlling one or nore @@@@g
properties in a sem conductor processiyng tool using data collected Pronian
in situ sensor, where at |east one of said one or nore wafer properties
conprises within-wafer uniformty, said nethod conprising the steps of: (1)
col | ect icBghpdaiiay ik Hhta$RInd ahdh & ih Wits SOROF toigh@dlitigt o ohdlate RRBIOIoAIa6h Waf er
properties during a process executed according to wafer recipe paraneters;
(2) adjgégkgg sai d process by nodi fying said reci pe paranmeters according to
conpari sons between said data collected by said in situ sensor relating to
said one or nore wafer properties and results predicted by a process nodel

used to E)redi ct waf gr out%ﬂts; andéé}%é u?%hgg sai.d data cgl | ect edfb said in
situ senSor i‘hSEPPIREUIGHNG UL MAHAE Qe B tAe A" by 1HECT 0 .
13. The nethod of claim 12, wherein said step of adjusting conprises

i ncr easimgye oralefupperstheprappes caden-mglariurformidy, cpwrsstghod of cl ai m 13,
wherein said processing tine conprises polishing tine. 15. The method of
claim12, wherein said tool conprises a plurality of processing resources,
each of whi chuniinghtudessoaforicnllsdting daensbiting anskiddoae et modatvafd pospedtiss duningiat u
sensor nmay be forwarded to another processing resource in real tinme during
execut i gRoks SalctidMCLESnicdRiucth pro¥iditos] akbaify &Pwafctdddsd p£ORBLS| NG
the step of collecting data froman inline sensor; and |ntegraE|ng sai d data
collected fromsaid inline sensor with said data collected fromsaid in situ
sensor befor L NG S r 2o - The
met hod of cl %%ﬁgﬁs@éﬁ?’rﬁ ?lﬁgfédggég}&?gsﬁ%%&{oﬁ%@;b? &)O%alﬁgfﬁc%ﬁ%p%gﬂ%ﬁsr om a

nsor | n ream I, . an D . .
Senso aggoe}"h%% tgtco%parl{?osr}s be weetn%gld’ da?a 9ollected by said in situ sensor relating to said one

or more wafer properties and results predicted by a process model used 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

processing time of the tool.
32. The system of claim 31, wherein said processing time comprises polishing time.

11
33. The system ¢

%
O
£

i tcomp 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.



integrating said data collected fromsaid upstreamtool with said data
collected fromsaid in situ sensor before processing said subsequent wafer.
18. The nmethod of claim 12, wherein sajg data collected by said 'iiqrh?gilﬂ
sensor is used for run to-run control on subsequent wafers processe ij sai d
tool. 19. A systemfor controlling one or nore wafer properties, where at

| east o of id _one ) er_properties,.conprises  Wthin- r

uni ormty. oo erRgl e MEhG el bR bOBU RSl B B E e i ng
a process for processing a wafer according to recjipe paraneters relating to
sai d oné"dr*hferia spidrahng iRl s pdapiedy intcesye trid enllestediig Plrsat 4a el
data relating to said one or nore wafer properties during execution of said
pr ocess;frandaid ipsive essor befomarbecsting ssigdtsubsegueai wafereci pe par aneters
according to a process nodel for predicting wafer outputs, wherein said
processor is utilizable for adjusting said process by nodifying said recipe
par anmet 35S acTity distegn bOcla@iPay fugbBarscoRgirivat Sakét idadted saln gitregmbyolsaid  in
situ sensor relating to said one or nore wafer properties and results

predi ct ednAyuaid oBAE hata, ANEWHEEISLNY AL iRk édst%rinf'ég%%e Sl dolAY data with
collected by said In situ sensor 1n a process on a subsequent wafer to be
executed_b he .t ool .. 20. The stem pf. claim 19 erein said .one or nore
wafer proptt eSS sa il Y P Rfebeto s e MRl ER Syel T O T2t e

of claim 19, wherein said tool conprises a polishing device. 22. The system

of claim.19, erein said tool conprises a urality. of processin
resour ce eﬂ‘fg%yafe%? elfim AB) BRI D3 %%?@[9%&3@0%&@ BrsdORRRTE UL PRom

one in situ sensor ma% be forwarded to another processing resource in real
time durlprign exeeeitingimbedquenl Walprsqueessedidyy safthwobyst em of claim 19, further
conprising an inline sensor configured to collect data, wherein said data
collected fromsaid inline sensor is integrated with said data col |l ected
from sd’d i MAsistemsfensartrdiefpore @rioaessifagprepéities s souieotdusafrerocedng v
system of claim 23, wherein data collected fromsaid inline sensor is

utili zedistng dutd t&litR] Handniif sBh bdhsSEMIRFe at least one of said one or more wafer

properties comprises within-wafer uniformity, said system comprising:

means for setting recipe parameters relating to said one or more wafer properties

according to a process model, wherein said model is used to predict wafer outputs;

means for executing a process on a wafer with the tool according to said recipe

parameters;

means for collecting data relating to said one or more wafer properties during execution

of said process with said in situ sensor;

means for adjusting said process by modifying said recipe parameters according to
comparisons between said data collected by said in situ sensor relating 1o said one or more wafer

properties and results predicted by said model; and



25. The systemof claim 19, further conprising a sensor |ocated at an
upstreamtool configured to collect data, wherein said data collected from
said upstreamtool is integrated with jgaid data collected from S@::[ﬁlﬁq situ
sensor before processing said subsequent wafer. 26. The system of - é# 525,
wherein data collected fromsaid upstreamtool is utilized to calibrate said

in situ sensofeard for I8g SHSLRNARE cSliRtdM thOsai e R Rnsiif aRRERIBHE L Subghdide
a processing tinme. 2 e systemof claim'19, when In said data collected V,

Th
said ill_si e [ ] e or run to-run control on subsequent wafers
processéﬁaké&ggv%%?%g?iyg%?gﬁ%e system of claim 19, wherein said tool

conprises a plurality of processing devices, each of which includes an in

situ segss&%r, ﬂ?j:g V\hergjjrﬁr] .da% fromone in situ sensor may be 17.1 ~ DEC 2(]0
conpar ed Wi t h! RfatYAIS} Bt AR0 f hreY DGR S PSS Syie MRS PTPREATCY FHRPTESS 8 ar e
results fromeach device. 30. A systemfor controlling one or nore wafer
propert itbisknefiere at | east one of said one or nore wafer properties
conprises within-wafer uniformty, conprising: an in situ sensor for
collecting data relating to said one or nore wafer properties during a

pr ocess 3Xec Uulledsyvienaobdaine dhduetran spidacelssimgiseoe polsidng devige.t o waf er
reci pe paraneters; a processor configured to adjust said process by

nodi fying said reci pe paraneters according to conparisons between said data

col | ect ed). by Bl &siefin &f ¢1king 8NSWHeréialsaiditogl do@nﬁﬁkﬂa?nﬂali@rofm&smg fdsources,
properties and results predicted by a process nodel used to predict wafer

out put s’ aindlf WARHELDILEA! £h AMRERSROL, dnd v&fé?éib%{a%lﬁ%m@?xg ?1%?% sdakdy ge! | ected

by said in situ sensor in a process on a subsequent wa e executed by
t he tool sai d gr i s configured

. 31. f .clai 30, wher ei )
{0 nos dangiged BEaiolit SR sife BbEhEE m AL SE Y RBk B oE 3T St dSl et

claim31l, wherein said processing tinme conprises polishing tine.

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.

42, The system of claim 41, wherein data collected from said inline sensor is utilized to

calibrate said in situ sensor.

43. The system of claim 37, further comprising means for collecting data from a sensor

means for integrating said data collected from said upstream tool with said data collected

from said in situ sensor before processing said subsequent wafer.

44, The system of claim 43, wherein data collected from said upstream tool is utilized to

calibrate said in situ sensor.



33. The system of claim 30, wherein said tool conprises plurality of
processi ng resources, each of which includes an in situ sensor, and wherein
data fromone in situ sensor may be fopgwarded to anot her processq@%EEﬁ
resource in real time during execution of said process. 18 1 g DEL 35
The system of claim 30, further conprising an inline sensor configured to
col I ect gat a, ThaR MASF ialn 381 §néi@ld AR SEASAerd B cRIARTRGLAnE BhRYr at e said
collected data wth sald data collecte fromsaid in situ sensor before
processi ng sai d subsequent wafer. 35. The system of claim 30, further

conpri si a L t. P b gul ta,
and vhor arn” s 3TaS Sisra 3F B 27 P HPS GREL DRI SR B R b Epr by R
said data collected fromsaid jn situ sensor. , before processing said
subsequeRtURErBH ol %S.UW%S/%’?%H% Rreesser By 09 Qerei n said data col l ected by
said in situ sensor is used for run to-run control on subsequent wafers
processed by said tool. 37. A systemfor controlling one or nore wafer
properti€s i nThe sgatdmsohdlaon 87, phaemswidigot guhprisgs iamgurdatyapfqmmeé&imedemw an
in situ sensor, where at |east one of said one or nore wafer properties
conpr i sesacidf RiHieakRidesiim frosiei depisors@iddwbyrsinelmLcOoMmIdngiingitu BEBBS mfapbeset ti ng
reci pe paraneters relating to said one or nore wafer properties according to
a proc es&)rﬂi?‘g@ch withRlErSmSRbthe FRAGH defsdi 36 h Q1 RnE W Sém}ﬂ@rfe%su%tfﬂhﬁ Sachimeans
for executing a process on a wafer with the tool according to said recipe
par amet ef g . Jreans for collecting data relating to said one or nore wafer
properties éﬁring execution of said process with said in situ sensor; neans
for adjusting said process by nodifying said reci pe paraneters according to
conpari sgns bet ween %Fid qg.a col | ected g% said in.situ sensor relatin% tﬁ
sai d onebr nor¥SIEEtEF CoNt Iﬂ%ﬁ PRe8r TR VESTPTOCHIad & Sed BY AP PRTGENE 'Ahd
19 1S DEC 1005 nmeans for using use said data collected by said in situ
sensor |¥FiBRg gat@@gggct%frgmsqyugéﬁg &eirsor, where at least one or more wafer properties

comprises within-wafer uniformity, said system comprising:

means for collecting data with said in situ sensor relating to said one or more wafer

properties during a process executed according to wafer recipe parameters;

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 one or more wafer

properties and results predicied by a process model used to predict wafer outputs; and

means for 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 decreasing a processing time.

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



wafer to be executed by the tool. 38. The systemof claim37, wherein said
one or nore wafer properties conprises wafer thickness. 39. The system of
claim 37, wherein said tool conprises g polishing device. 40. Th of
claim 37, wherein said tool conprises a plurality of processing resoug@gg
each of which includes an in situ sensor, and wherein data fromone in situ
sensor. My bernd Qe dedainp48nehden s%ﬁqgﬁsc%hﬂﬂlsﬁ§§Blﬁ'iﬁﬁ%"o@lpf@&\l;mﬂg RO ng

execution of said process. . The systen1of claim 37 conpri sing

f d
cara daraelol PERTACHE R lg.sﬁﬁ"sﬁﬁ%ﬁ SRR ARk LA REND BB T o

said in situ sensor before processing said subsequent wafer. 42. The system
of cl ai FPBHATdGHhEr @I RIQCCEDNE EESPIGE f1t (57 WBF UTRE PHEUSERSE IR §TGRERY | zod o
calibrate said in situ sensor. 43. The systemof claim 37, further
conprising nmeans for collecting data froma sensor Iocated at an upstream
tool ; and. medlw fyoreni of dginadd,fyrtbeicgaisi gootdne forehlicrong dath droupst méiaem t ool
with said data collected fromsaid in situ sensor before processing said
subsequewhsorpdel , 44. The system of claim43, wherein data collected from
said upstreamtool is utilized to calibrate said in situ sensor. 20! 5 DEC
?005 45. The system of claim 37, wherein said paraneters include a

processi ng tifBansA6r inld}Rat ﬁmazg& cOl Rt Bm sxyﬁ%meﬂse%%xdvﬂﬁ&ﬁd%ﬂ |c%ﬁ&&9d by
said in situ sensor is use run to-run control on su sequent waf ers

Pr Ocessefgorg)éa ?ahd]tﬁ ?QASO¥ €'e7for r%ceisgﬁégald%gbgéqﬁcﬂpé%er wherein said tool

conprises a plura i"C€es €ach-of which includes an in
situ sensor, and mhereln data fron1one in situ sensor may be conpared with

data fr angfher in s sepnsor. to in real are results from
each deVi Ceofhe system O% clalm Eé] further comprlran g meanm%or coliectrrxpg data from a sensor

located at an upstream tool; and

means for integrating said data collected from said upstream tool with said data collected

from said in situ sensor before processing said subsequent wafer.

54. The system of claim 48, wherein said data collected by said in situ sensor is used for run-

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

55. A computer readable medium for controlling a wafer property in a semiconductor
processing tool using data collected from an in situ sensor, said computer readable medium

comprising;:

computer readable instructions for setting recipe parameters relating to said wafer

property according to a process model, wherein said model is used to predict wafer outputs;

computer readable instructions for executing a process on a wafer with the tool according

to said recipe parameters;



48. A systemfor controlling one or nore wafer properties in a sem conductor
processing tool using data collected froman in situ sensor, where at |east
one or nore wafer properties conprises wthin-wafer uniformty, sgidygystem
conprising: neans for collecting data with said in situ sensor relating to
said one or nore wafer properties during a process executed according to

waf er recipe r 1 . J i b, iy hg-sai d
reci pe parangpglgﬂﬁ%%%@%%Hgﬁﬁgugg%%%gFgg%ﬁgggéﬁ&%ggégg%ﬂéda %qﬁg?%§%?gﬁ%by
said in situ sensaor relating to .said one or nore wafer properties and
resultseﬁ¥@HPEPgam8¢“§mﬁ§88 SadIBSRY SYSEY to predict wafer outputs; and
means for 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,

wher ei n sai d cRa@uter fendablgjlngichgneonpdiusiens yaed prctwrby Medifagr sedgecipe
decreasing a processing tinme. 50. The system of claim49, wherein said

pr ocess pagmntekdre acanping $@ sopphri sins betweenwaid AitalaplIDEE] By G048 ib kitu Ihwosyeddtemn of
claim 48, wherein said tool conprises a plurality of processing resources,
each of (i€ bvadiGib A 1efu1Sigredised B9 saidansiedgiiei n data fromone in situ
sensor may be forwarded to another processing resource in real time during
execution of said process. 52. The system of claim48, further conprising
nmeans for col i : : | Wi : X S ; i i ng
oy d data ool PEEPich%AaLR (AUARER KPMAR AURRCoRARABRAND h Bl SEHEATEY o
said in_situ sensar before _processin ai d suhsequent wafer. 53. The system
of cl ai R485¢ ?%?fﬂ%‘?ql&%‘ﬂﬁ’# iR eﬁﬁ%ﬁ‘i‘gedﬁ?}vr&%‘?qqecti ng data from a sensor

| ocated at an upstreamtool; and neans for integrating said data coll ected
fromsaid upstreamtool with said data collected fromsaid in situ sensor
bef ore pPoceddiergrRicd reastieduetivmpdcéim 4 Wherean said pEpesy comprissusateiner ei n
said data collected by said in situ sensor is used for run to-run control on
subsequénekngss.ers processed by said tool. 55. A conputer readable medium for
controlling a wafer property in a sem conductor

57. The computer readable medium of claim 55, wherein said tool comprises a polishing
device.
58. The computer readable medium of claim 55, 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.

59. The computer readable medium of claim 55, 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.



processing tool using data collected froman in situ sensor, said conputer
readabl e nedi um conprising: conputer readable instructions for setting
reci pe paranmeters relating to said wafey property according to agrg¢cess
nodel , wherein said nodel is used to predict wafer outputs; conputer
readabl e instructions for executing a process on a wafer with the tool
accordi to i j ; . :

hstr uctyons T mrrer gt IRAFhY cffn, Sl SRR Ronl GRERMNE
execution of.said grocqﬁﬁ mﬁtB.said in situ sensor; conputer readable

i nst r uctFBRG IS EHIZER st hYe saf d0 BHbeSE by nodi fying sai d recipe parameters
according to conparisons between said data collected by said in situ sensor
relatin% to said wafer property and results predicted by said nodel; and
comput eflr eaddb¢ eompater iradatdn setisnn ab¢lagn §ai fyrthen corewidietewdpByr ©adabli n situ
sensor in a process on a subsequent wafer to be executed by the tool. 56.
The conmuitrectisesafdabbléecoagidamnfoim alsensor dzatedh»e aevpstsandiopl;apdrty conpri ses
waf er thickness. 57. The conputer readable medi umof claim55, wherein said
tool conprises a polishing device. 58. The conputer readabl e nedium of claim

55, wherein s3hfutcd@tadaPRPAIERE0R Rk iMiddrhatiyy Ofid dMaQeESGED BohfSRUTSREamassh
of which includes an in situ sensor, and wherein data fromone in situ

g . N L i duri
oot | ot R ARG CBEE b om GRSl RERGE B R e id Sk tepl W TR e
further conprising conputer readable instructions for collecting data from
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situ sensaqr. before processing said subsequent wafer. 23 ? q DEC M 60. The
conput efo¢! éhalEAcd rsaiRiAtesrdap A S8 OTwher ei n data col | ected from said
inline

63.  The computer readable medium of claim 55, wherein said parameters include a

processing time.

64. The computer readable medium of claim 55, wherein said data collected by said in situ

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

65. The computer readable medium of claim 55, 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.

66. A computer readable medium for controlling a wafer property in a semiconductor
processing tool using data collected from an in situ sensor, said computer readable medium

comprising:



sensor is utilized to calibrate said in situ sensor. 61. (The conputer
readabl e nmedi um of claim55, further conprising conputer readable
instructions for collecting data froma sensor | ocated at an upsﬁqqﬁﬁmg@ol;
and conputer readable instructions for integrating said data col l'écted from
said upstreamtool wth said data collected fromsaid in situ sensor before
processi ng sal : y . Wotos(oTIN . ; j f aim
61, wherein ?gﬁﬂ%ﬁﬁgdéﬁemdm roc‘r%ﬁ()g%?% Cagst 1rngam tolg‘:l Sl&gqﬂ?ﬂ ?%deggg{egmgglt?%%lgt e
said in situ sensor. .63. The conputer readable pedi um of claimb55, wherein
sai d pariHet PRI LI BI5F SRSy HY2i5oREnEe §)4Wa%§éecé%%?'§‘?tefseadabl e nmedi um
of claimb55, wherein said data collected by said in situ sensor is used for
run-to-run control on subsequent wafers processed by said tool. 65. The
conput er r eadaBIRIGrEERd AN ONSEYcAIoRt B adigsBreFaid PEICEsS omodBpeisarkregipe
plurality of processing devices, each of which includes an in situ sensor,
and whemperamaetsactosrdinganeocimpassdng beseracridnaya ddlecedparsed misith sdedoa rélaary
another in situ sensor to in real tine to conpare results from each device.
66. A CQOPMHSFafbLRHABOK LU frediceamyrOprbtdd nibdepd R 18 haRBEWatkfowdputs;

sem conductor processing tool ‘using data collected froman in situ sensor,
sai d conpyter readable nedium conprising: 24 19 DEC, 1065 conputer readable
instructions for collecting data with said in situ sensor relating to said
waf er property during a process executed according to wafer recipe

paraneters; conputer r abl e instructions. for adjusting sai d.process by
o Tyi g st e Bgepl: b Sy S Bl R SRR S 8 dat o
collected by said in situ sensor relating to said wafer property and
resul t s PR ep adubspaseyriests esdetuiedkyithedodd edi ct waf er outputs; and
conput er 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.



67. The conputer readabl e nmedium of claim®66, wherein said conputer readable
instructions for adjusting conprises conputer readable instructions for

i ncreasing or decreasing a processing 24ine. 25 19 DEC ZOOS 68.;?ﬁﬁt%ﬂﬁputer
readabl e nedi um of claim 67, wherein said processing tine conprises )
polishing time. 69. The conputer readabl e nedi um of claim66, wherein said
tool compyi Se?hé‘c&hgﬁt@} ﬁaamé megfu% 8?@151’?19 67 SPULIRRSd RBER QL oMK &gnﬁnfi'éék udes
an in situ sensor, and ereln data fromone In situ  sensor may be
forwarded . t 0. anot her processing resource in real tinme during execution of

sai d pr%%gﬁgﬁﬂﬁﬁ? The conputer readabl e nmediumof claim66, further
conprising conputer readable instructions for collecting data froman inline
sensor; and conputer readable instructions for integrating said data.

col | ect e’f-f r oD &PRIPYIRT Teadabie APt Haga Pe wharainsaid teet ednpism PaITaliyeisi t u
sensor before processing said subsequent wafer. 71. The conputer readable
medi um ofroceéainmré§yuréadr ¢det of edingr insiudes @ompUtiese nyoe sahabd ereinstat afromams if ety
collecting data froma sensor |ocated at an upstreamtool; and conputer
readabl esehfrt mbe b BitSafdet th BAGEERIbAGsiBRirekodRlean ¢l higkd @didy QR S@IntofUupst r eam
tool with said data collected fromsaid in situ sensor before processing

sai d S“%ﬁ%ﬂ&ﬁnt wafer. 72. The conputer readabl e nedi um of claim66, wherein
sai d data collected by said in situ sensor is used for run-to-run control on
subsequent wafers processed by said tool. 73. A nethod for controlling

Wi t hi n- er iformty in sem condyct or ocessing.tool using d

ol Iect ot bR RS el BEP LR e b BhRBS g v PP efele (o)
setting recipe paraneters relating to said within-wafer uniformty according
to a prod8eEectmader cofeling dptaHpm dpoabine papspis@Bdt o predi ct wafer outputs; 26
.1 g UE E 2005. (2) executing a process on a wafer with the tool according
to said recipe paraneters; (3) collecting data relating to said

Wi t hi n-waf er gmhpﬁpmie’a@abdiminisﬂqgctm@minmgrajimgs;aidcﬁata 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 for coliecting 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.

73. A method for controlling within-wafer uniformity in a semiconductor processing tool

using data collected from an in situ sensor, said method comprising the steps of:

(1) setting recipe parameters relating to said within-wafer uniformity according to a

process model, wherein said model is used to predict wafer outputs;



process with said in situ sensor; (4) adjusting said process by nodifying
sai d reci pe paraneters according to conparisons between said data coll ected
by said in situ sensor relating to sai@d within-wafer wuniformityrand;results
predi cted by said nodel. 74. The nethod of claim 73, wherein sard tool
conprises a polishing device. 75. The nethod of claim 73, wherein said tool
conprises a plurality of processing resources, _each of which includes an in
situ sensor, d WRECEIRE ¢ BE%CHY G B’ﬁg‘f i“chs‘g? tPd AFRBHINGEY SHE ICHBT RAFREW T 0
anot her processing resource in real tinme during execution of said process.
76. The nethod of claim 73, further conprising the step of collecting data
from an inli n@)sensdlectippdath melegnato 9aif wihio-walenuniddngtt @iy execetairdofisald ne
sensor with said data collected fromsaid in situ sensor before processing
sai d subsesisentithai®in. situ sensor;
(4) adjusting said process by modifying said recipe parameters according to
comparisons between said data collected by said in situ sensor relating to said within-wafer

uniformity and results predicted by said model.
74.  The method of claim 73, wherein said tool comprises a polishing device.

75. The method of claim 73, 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.

76.  The method of claim 73, 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.



