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waf er the different chips (or die) are located on a wafer (in the typical situation where multiple chips are
formed on and eventually cut from a single wafer), as well as significant locations, such as corners, on
each die. In order to measure the right hand corner on each die, for example, multiple points are
measured on the wafer in accordance with the die map. Ordinarily a die map is a digital representation
25  of coordinate points, or “metrology coordinates,” on the wafer.
The metrology coordinates are usually provided by an engineer, and vary depending on the
engineer’s preferences. Metrology coordinates are conventionally provided as x, y coordinates.
A “sampling plan,” alternatively referred to as a “metrology plan,” contains metrology
coordinates drawn from the die map. The sampling plan denotes a specific plan for taking certain
30  measurements. These measurements may include some or all of the possible points and/or chips in the
die map.
A conventional metrology system assigns a sampling plan that predetermines which wafers are
to be measured in connection with a processing device, and the measurements which are to be taken of
those wafers by the metrology tool. For example, the sampling plan might define that each fifth wafer

35  should be measured at pre-designated locations. These sampling plans are not changed after being

initially assigned, and hence the metrology systems are static.
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More specifically, two variations of embodiments of the present invention are contemplated

and may be used independently or together. According to the first variation, the frequency at which

30  wafers are measured (“wafer-to-wafer”) is adjusted, following an event that suggests that more (or
fewer) wafers should be measured. According to the second variation, the spatial resolution of the
measurements of those wafers selected for measurement (“within-wafer”) is increased or decreased,
following an event that suggests each wafer which is measured should be measured in greater (or
lesser) detail.

35 In one or more embodiments of the present invention, candidate coordinate measurement points
are mapped in a die map, and a subset of the candidate coordinate measurement points are selected as

the initial points where measurements are to be made. Subsequently, according to the within-wafer
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According to one or more embodiments, the measurements of the plan are adjusted wafer-to-
watfer and/or within-wafer.
30 According to one or more embodiments, the product is a semi-conductor wafer and the
manufacturing process is an automated semi-conductor manufacturing process.
According to one or more embodiments, the plan further includes information representative of
a metrology recipe.
According to one or more embodiments, the candidate points are included in a map
35  corresponding to the at least one product. The plan may be a pre-determined sampling plan.
According to one or more embodiments, the plan defines at least one region on the product,

each of the candidate points corresponding to the at least one region.
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Flgures 2A and 2B are an illustration of regions on a wafer, with Figure 2A being a plan view

25  of the wafer and Figure 2B being a cross-section of the wafer along radius B-B of Figure 2A.
Figure 3 is a flow chart showing one example of dynamic metrology for “within-wafer”
processing in accordance with one or more embodiments of the present invention.
Figures 4A and 4B are a spiral sampling plan for a wafer for use with one or more
embodiments of the invention, with Figure 4A being a plan view of the wafer and Figure 4B being a
30  cross-section of the wafer along a radius of Figure 4A.
Figure 5 is an example of another sampling plan for use with one or more embodiments of the
invention. ’
Figure 6 is a block diagram of a computerized process control system which may be used in

connection with one or more embodiments of the present invention.

35 Detailed Description
The following detailed description includes many specific details. The inclusion of such details

is for the purpose of illustration only and should not be understood to limit the invention. Throughout
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nea?d t hadded as measurement points. Adjusted measurements now encompass in this example, 40mm, 45mm,
50mm, 55mm, and 60mm. The system dynamically added the two additional points (in the example) to
better characterize the measurement and/or the variation. Where there are provided a number of
candidate points in the die map allowing points to be added or substituted, the system can select among
the points any of several ways, such as selecting the closest to mean, mode, other statistical analysis,
30 etc.
A sampling plan provides specific measure points within a die, a die being the section on the
wafer that will typically eventually become a single chip after processing. There are specified points
within the die that are candidates for measuring. The map of the die is stored, preferably in an
electronic format representing the map. One appropriate place for storing the die map information is in
35 . the factory automation system (“MES” or manufacturing execution system). The stored die map
information may be advantageously retrieved and translated to determine the available points for

measurement on the wafer. Referring back to the previous example proposing measurement points on
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system has stored information about a wafer that indicates, among other things, the type of chip or type

of device and an associated sampling plan to be used when measuring a wafer containing a specific

device. Based on the type of device, the associated sampling plan or die map can be obtained, where

30  the die map includes a set of candidate metrology points. The system then selects metrology points for
the current wafer from the set of, or responsive to, the candidate points in the die map.
With respect to the sampling plan, generation of the sampling plan can vary from device to
device (chip type to chip type) and some measurements may be based on die distribution on the wafer.
By dividing a wafer into regions and using regions of the wafer for measurement, one or more
35  embodiments of the present invention provide flexibility in selecting one or more points from available
points in the region. Use of regions is one way to provide a pool of candidate points, from which the

system may select points that are most relevant to the desired information about the film on the wafer.



i nvention contenplate that the systemobtains a stored die map with

nmetrol ogy coordinate information fromthe MES. As indicated, the system
can proviwe mao37esl y for assigning the neasurenent poi ntsPCotSIDrEld y
dynam cal ly, but also for de-assigning. One or nore enbodi nents of the
present invention envision changing the7sanpling plan using 25 information

t Ihat [ 3 gat hei gactice, amf dybemMizS, ﬁﬂa(aﬁiptepﬂieéshfé?w&my-uﬁi tﬁgwédwﬁver@vms@mafeﬂﬁ )
an, endi n or exanple the type o rocessin vice on iC t e

W of s 4P tﬁ BRLE SRR o SRRT Brocativs theg et s

about aeipbf @intd, baiausenameeaucﬁager t@Hengreahdie poﬁnla lon@s watePfrotespfs Bhe BMsRer OFort ype

of device and an associ at lin | an to be used when surlng a waf er

cont ai nloﬁl@' 150%559&%16 pysteny E’@ean%ﬁé’ggp‘g?f QI?ﬁfé)ﬂfe{/fi'@e 8?”8@\‘77{?@011 We'associ at ed

sanph i ngofeb@iation, which iNBRIEMy Hewokhaidest. where 30 the die map includes a

set of candidate netrol 0 oi n The systemthen sel ects netrol ogy points
for the cur ?bemy SWeitet ISff%%patﬂﬁ%@@Fe reOP WL Hsd DS HIETeH Agishig feede

poi nt's h)fbdﬁ&:&luﬁllt@pfbﬂ@cts W’Iﬁﬂmfefc&@diﬁ&‘dnsﬁ& 1tttb®e s bpHighnPlodd wiBRIBEHidaBhsOf  t he

i | a t d t t t d
Somt. AR EREAte R BRECTbR T DY BRGHePRF G HO RGeS or | By

dividing a \A@ﬁ@fprodamlgr@gﬂc@asmema Wafen§ pfReisi s @liffehat Modeding @fe, and
resent I nvention pr OVI de

re e .or odi rents of_ the
{1 ed0 bi e W? fhe sepss %ﬁt) gﬁ%n g FAl @asb@ﬁpﬁedsow%ﬁﬁemmrom@g obiBf REOEeSSIAS t he
r egi on. dids@ aaf nre@gbgmon D0 PRYedkiBe BERES dReadurftRiks cmfev@@ Reled dilEndeQlot S,
fromwhi.ch the . sten&nﬁgg H)gl ect points that are m)%@Z relevant. to the
desi 1 ed U HE BPSTNOANSEHR PUHE HEProrPOIECRUCS A F IO ot Cg thmarsampgnts by the
PCT/ USO e Qddyotool/ Pbﬂe;@fn@lét potiching &Rl o&ﬁ&hg?moﬂa}ﬁng B@Ece@%@f@n@m&lﬁ@&ﬁifnﬁes or
twentytwototwen ﬁleﬂ; omtsger wafer fromth ool of c ndi dat e

poi nt s. M6 °§8’ﬁ‘é§sﬁ LERE 2 O PEIFHInG FReasrEcRt by tPgWEﬁmlf)%’l RSN e¥HEh as

ei ghs p%ﬁts;oulbeﬂﬁtmrddhcettadéegqp{nonger to measure those points or the wafer
processing ti For , ot her

e .is faster cesses t stem m ht neasur e
one point of Aﬁﬁ%‘?‘?‘?&?” tf"i/i?’éteﬂ’fmaﬁrdﬁﬁé‘?’flfl ngtﬁ?fﬁr ﬂ%ﬁ%ﬁg@?ﬁﬁ H‘EaéH’F?S TerIsR's %%ﬁ?l ch
i ﬁ a rebathewetiy asd h/fing acndit@ien the vdaFBréil‘Ebr exa&tphle., lfltﬁe(ljd iS a koA 61 ﬁﬁ\'ihlthheFm ance
the tinme cons sur enent st the need to roduce quality
br oduct Beoi dhaeh Pelu Earisaar i s deisee S el eihobE S e R
speci fi Mﬁée&ﬂ@frecﬁ&d:ymﬁﬁan@ﬂdﬁdﬂﬁleordlﬁé ﬁtbiﬁle‘d&vdﬁdfr&d&&fex Ohaw other Kaapjitkhy produce
proguct.of s t. gualiti.es ce device on which a wafer is
o oc s s omme BEEH s PhiPeng MR BeRE G e TS B SR Bo) ect ed
st andard sarrabﬂengcenahﬁdmwlgieqole ﬁlﬂlsmamnglam&p@mbf@fﬂomome&s bitChr @ford he
processin e an d et
measur efeRt 6'%5 03\?’(3’?%/%%’1‘” 3{“ 9&'“%?4“%8? ro%cigéﬁ\ﬁy S%e&'gﬁﬂp ??nlgsg‘%?\{ﬁﬁtgeff’ MY speed
of the pmdneam sr@nfdmm odmlgem tht craee of thh arocéskiag Muwlamem&e dytedidicby divedkingl ogy
tool. Fgr examn and ea i roc hees consumne
e m SRR e B chly ko el 2R, MR g RE PO ARG TR oRaREL 10
meagur etmm/o@cymtiihae apbdientiabchangedn khe@nocessdiz\deviddordaf @ne wbdlicle dfat & mighohaveeduce

t hr ough Addj t onal e no make
el e S SR R S MR T R e o T
t he waf exegnior trackainge gype bf evbite r Ehei fowahat dxaaple dnFigire Whnobided dvesxample set of

events or state changes that initiate analysis and decision making, based upon information gathered
from the processing device and based on a significant internal or external change (e.g., system was idle

30  for along time, chamber was cleaned, new batch of slurry, initial wafer, etc.). Other events or states
may be included in the set from which it is determined whether or not to measure a wafer.

One or more embodiments, of the present invention also envision the following. Assume that
there is provided an initial sampling plan. The plan could, for example, direct measuring of specific
points on each wafer and/or comprise information indicating which wafers within the lot will be

35  measured. The wafer is measured according to the sampling plan. According to the wafer-to-wafer

metrology plan, the system deviates from the initial sampling plan when warranted. The system could
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and if the p‘il“hn:sstsmrago demhaﬂws a ﬁmtt was detected, such as in the processing device.

Processing devices may be monitored by the factory automation system, for example to determine
whether there is some problem with the processing device, either from the automation system side or

30  from the processing device itself. Also, the processing device itself may include the ability to detect a
fault. If a fault is detected, the system could subsequently measure to confirm that the wafer is within
specifications. Thus, at block 117, it is determined whether a fault was detected. If a fault was
detected, at block 123 the system measures the wafer. Since it is likely that the wafer has errors, it
might be desirable not to use such measurements for feedback purposes.

35 There may be two cases for uses of measurement values. In the first case, the system uses the
measurement value or stores that measurement value for further processing, such as measurements

following a resource idle condition. In the second case, such as following a fault detection, the system
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the V‘aie%ﬁce'dtaﬁ@lgrgcessmg time is potentially reduced. On the other hand, if at block 127 the system

determines that the last series of n wafers were not on target, at block 129 the system measures the

%Jaf ];au

30  current wafer.
| Reference is made to Figure 2, a map of a wafer illustrating measurement regions for the
within-wafer dynamic metrology. It is referred to as “within-wafer” since the system may be changing
the metrology within the wafer, in distinction to the previously-described wafer-to-wafer dynamic
metrology. (Figure 3, described in detail below, illustrates an example of a flow chart for within-wafer
35  dynamic metrology.)
Where the process performed by the processing device on the wafer is symmetric such that the

system is affecting portions of the film on the wafer in a symmetric matter, it may be reasonable to
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is circular. Chips on the wafer are usually square and placed across the wafer. At the end of
processing, the chips are divided from the wafer. Fig. 2B shows a cross section of the wafer of Fig. 2A,
across section B-B from one edge to the center of the wafer. Region 1 extends radially from the center
30  to 40mm; region 2 extends from 40mm to 60mm; region 3 extends from 60mm to 80mm; region 4
extends from 80mm to 92mm; and region 5 extends from 92mm to 95mm. A wafer could be divided
into more or fewer regions. Also, although the regions are illustrated as radial, the same concepts apply
where the regions are neither circular nor radial.
A die map includes a sampling plan that optionally distinguishes among different regions of the

35  wafer. Such a sampling plan would include information indicating a set of measurement points,

associated with regions of the wafer.
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contemplate that any number of other causes for variations can be detected, and a decision made

accordingly as to whether (and how) the sampling plan may be changed.
Referring still to Figure 3, if the variation from tﬁe specification is due to an outlier or flier,
30  then as indicated by block 309, the sampling plan is not changed. The measurement is not likely to be
an accurate reflection of the wafer, and therefore the system should not react to the measurement.
Atblock 311, it is determined whether the variation from the specification is one for which the
processing device can possibly compensate. For example, a processing device may be able to correct
for radial variation, but not for a variation that is angular or azimuthal. Thus, at block 313, if the
35  processing device cannot compensate for the variation in the region, then the sampling plan is not
changed. On the other hand, if the processing device can compensate for the variation in the region,

then at block 315 points are added to the region in the sampling plan for the next wafer in order to
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distributed along three splines 403 radiating from the center of the wafer. The points 401 of this

example are generally distributed in each of eight regions, shown in Fig. 4B. In this sampling plan one
could potentially add points in a radial direction. There could be provided more or fewer regions in

30  other embodiments of the invention. Suppose that in Region 1, which are all points radially from
approximately 0 mm to 40 mm, there is a large variation; more measurement points could be added
from the die map in order to better characterize that variation. Figure 4A indicates equidistant radii at
24.375mm from the center, 48.75mm, 73.125mm, and 97.5mm for purposes of illustration. It should be
noted that the distance between points 401 along spline 403 advantageously decreases towards the outer

35  diameter of the wafer, to accommodate the increase in the surface area in relation to the width of the

region.
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control of, and communication with, one or more standard processing devices 603 or resources. In turn,
30  the processing device 603 communicates with and controls a standard metrology tool 605, which
measures wafers in accordance with the processes described in connection with the present invention.
Although Figure 6 illustrates a typical system, other configurations are possible, such as having the
metrology device(s) 605 communicate with the APC 601, or even omitting the APC 601 and having the
metrology device 605 pattern the processes described herein.

35 Examples of processing devices that may be used in conjunction with the invention include

chemical mechanical planarization (CMP) tools, etch tools, chemical vapor deposition (CVD) tools,

t
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PCT/ US02¢ d_tb@:p@rts df4he process control system Similarly, the processing could be controlled by a software
program on one or more computer systems or processors, or could be partially or wholly implemented
in hardware. Moreover, the factory automation system may comrhunicate directly or indirectly with the
30  relevant metrology tool(s), processing devices, and metrology system(s); or the metrology tool(s),
processing devices and metrology system(s) may communicate directly or indirectly with each other

and the factory automation system.



| i thography tools and others. It should be noted that the processing device
may i ncorporate the netrology tool in sonme configurations. Wile this

i nvent i orwbag/1myesy descri bed in conjunction with the speciPCrasemeadé nent s
outlined above, many alternatives, nodifications and variations will be
apparent to those skilled in the art. 35Accordingly, the preferred
enbodingﬁigﬁﬁigggﬁﬂggxggtion as set forth are intended to be illustrative
and no i us changes may be nade without departing fromthe
spirit and scope of the invention as defined in the follow ng clains. For
exanplel.it Wmmhrﬂuﬂ&mnp;ﬂﬁﬂantddeneﬂm}dl@ﬁ meanynmﬂqaktlongmpmﬁmmmhhmzto&nsmmu on.
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conditi nat on W re cin t hese
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opl acelering R gt fiasi Poafdet B B pe St ot SR R g, ey
events nmmmamdnhﬁdmsnkﬂmbdepemhamdded as part of the within-wafer 20
determ natio For ..e t.her be one on f any shape
on the vat er DnEHEHREM: SuspicteBoRRs MeastEBemtofa Sube Fud R Binebhs
sanpling pl an |n appropriate cases. A further exanple includes other
events fBenti dhedetabdeleldim Icfunhacbnprising thhsteyadfgesformingdt astpnogidg®nalg. As
anoj fer nRIAMRLF: chiG BRI ALY B L OD SyStem may be a general purpose
conput er, ‘'speci al purpose conputer. It may al so
be |nplenented as a distributed conputer 25 systemrather than as a single

comput eB; soffbe wethecef cifiimtly Whautia thesten obaiusighfurtherdhalities atitstogide syst ens.
Furt her messnfenferl@gf G P1aR YabRYo- e Unfof hAGIifE 1R FRAGIUAR P b Bikn W nGFite A

nmetrol ogy to er parts o e process control system Sim arly
t he processing could be controlled by a software program on one or nore

conput ef- sysTherpethed pficdiiad swbessin fie peduetds Hiempapndugpt yalegrandsinapuiagiptiegrent ed
i n har dyRE&s isMa ra@cgl\ﬁ@t’ed sérﬁ%oﬁcﬁﬂ@tropﬁﬁn@é&u?ﬁgbfo‘e&s system may comuni cate

directly or indirectly MAt he 30 evant netrol ogy tool(s) processing
deV|ces and _rmetr ol . or the netrolo t ool ( rocessi ng
devi®es and Bt m%}hwbcgfy %‘%’/@tl ewlef‘ésm theplas SrrhgRinelades pfproion SPP’E?FGHF ¥ electly with
each ot hgtolo cibdhe factory automation system WO 02/103778 PCT/ US02/ 19116
15 WHAT IS AI DIS: 1. A conputer-inplenented nmethod of neasuring at

| east Og.e na'rI]‘llilg %e(::t o fré?almqagvl?égéll? 'Ehlescglid?da];e%omtst are included in a map corresponding to the

at least one product.
7. The method of claim 1, wherein the plan is a pre-determined sampling plan.

25 8. The method of claim 1, wherein the plan defines at least one region on the product, each of the

candidate points corresponding to the at least one region.

9. The method of claim 8, wherein the step of adjusting includes determining the at least one
region corresponding to the detected change, selecting at least one additional measurement responsive
to the candidate points corresponding to the determined region, assigning the selected at least one

30  additional measurement to be performed under the plan, and revising at least one of the measurements,

the additional measurement and the plan.



| east one product manufactured by a manufacturing process, conprising the
steps of: (A) providing information representative of a set of candi date
poi nts t owbemexzzsired by the 5 nmanufacturing process on Phe/sn2/igast one
product; (B) executing, by the manufacturing process, a plan for performng
measurenents on the at |east one prodyst to neasure the at |east one

manuf actior i NThe histhad bdldigtil ®heréih eheRlepif SFdsting maruaéaeieteﬂﬁaﬁg RABRatEe deckRe
made res€0n3|ve to sai.d set of candidate points; (C) detecting a change in

the manGRAgt BRY #iych? wEesd Pradrgs.@RhH §R JPisenipae HGoler ip Bsaregh bag pne of flp

recervr@ggﬂ@mmﬁ@%@ﬁ&akpkﬁwihe manuf act uri ng process, detecting a fault in
t he nanufacturlng process detecting a change |n a control paraneter in

t he nan act and detecti var i in a nt of

the at Last gﬁb%ﬁﬁf m 18n‘§16(€|§) tthsajlw rl%‘gi 3R ra rpdets Ry %ra%gﬁeast
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east o 1t Qna

further co ri sing the step of rform ng n

measur e ﬁeé’FFtS nigiye Bgﬁlt% PR?S“CF%‘Q thigeer 5’&”&5 ?fé&"%ﬁglﬁ debe féf?as‘*ffﬁ‘g aﬁ‘gieﬁ%‘ RPrgtigp m 1,
wher ei nrdpRRerfit®p ofthe p@HMLES ih BE gratiptthe hreitd6d MelRSre@yddSihe PEnt he measurenent s
of the plan mafer to waf er and/ or adjusting the neasurenments of the plan

wi t hi n-vwaf er t ho f claimi1, wherein roduct is a

sen - coltuct 3Pe REat Shaffrn e fie st Tt e geb §tscutits o FROG etmpiagve of

sem - contstepieniresults g tht bi 184t Rle@eaius: wikf tib. mexmenmtshesﬂuofndehtaa Rardatiowier ei n
the, plan further .incl des i nformation_represe i f a netrolo
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in a map corresponding to the at |east one product. 7. The nethod of claim
1, wher éB.n t Mee pkiaod bf&l@mﬁr Qheﬁlﬁh &rerfhrﬂlﬂﬁlg?pfmﬁﬁrhdlu’dlgs phlanlity2B sinesiadiatinet frod of
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met hod eflined.ai m 8, wherein the step of adjusting includes determ ning the
at | east one region corresponding to the detected change selecting at

| east ong ad‘ﬂl{ ﬁ\&ﬁﬁdeotg?at%ﬁ% i 111 1 & gtBQrﬂ? o?the cg)nd'tc{a ﬁ%ﬁ‘l& lo GSBP I ers]tlss

correspondi ng regron 'east one
30 aﬁdlMﬁah@dwwm@SQHewsnﬁwtmepeﬁpenmmﬂmadmpmder the pl an, and revising at
| east one of the nmeasurenments, the additional neasurenent and the plan. WO

O LCSTTS FCTMARALAR R A0 o Bl Sy AR

seri es edndisipigdaiotss, and if so, determning whether to measure at |east one
of the products in the series of products. 11. The nethod of claim 10,

wher ei ni¢ herg &ﬁpﬁEplﬂp%Qn@d Rletoa bt ﬁté’asﬁ’kfmgmt RAY %hémhﬁ%cl‘lﬁh? ghatrﬁ%n@tﬁc fofast S
one product, being provided in a group, and wherein the plan further
i ncl udeleast ppegqenp—ﬁor@pef@t waer manufactured by an automated semi-conductor manufacturmg process,

20  comprising the steps of:

(A)  providing information representative of a set of candidate points to be measured by the
manufacturing process on the at least one wafer, the set of candidate points being included in a map
corresponding to the at least one wafer;

B) executing, by the manufacturing process, a pre-determined sampling plan for

25  performing measurements on the at least one wafer to measure the at least one manufacturing
characteristic, the plan defining the measurements to be made responsive to said set of candidate points,
and the plan defining at least one region on the at least one wafer, each of the candidate points
corresponding to the at least one region; A

© detecting a change in the manufacturing process responsive thereto, the change

30  including at least one of: receiving new material in the manufacturing process, detecting a fault in the
manufacturing process, detecting a change in a control parameter in the manufacturing process, and
detecting a variation in a measurement of the least one wafer; and

()] adjusting the plan for performing measurements based on the detected change and

performing at least one additionally measurement responsive thereto;



representative of the products in the group that are available to be
measured, and second information representative of the products in the
group thawoaraoi’es be neasured under the plan. 12. The net iRcd/ush2/cd1aé m 1,
further conprising the step of discarding information representative of
measurenent results on the at | east ong7product when the nmeasurenents

resul ts indicete ahvini B i€ ofiabiustiil iBRAISY IR ingthe dtheas@dne k@t one product
and/or when a fault is d%h:cted i n the manufacturing process. 13. The

met hod SPTEPAdme o thaAgipely %@ﬁ%’éﬂ eleriing thgatirastPp Additpakimepsiypreny Fgspepsiyp to
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wher ei n tye candi date points are distributed alonq the splines. 14. The
met hod 6fddqnal measwemgptAnd revising At leptiops ofi tmepsuiements irchddisions! pisHeder) @ g
the spl imgsant s 15 weighted according to a surface area of the at |east one
product. 15. The n%thod of claim7, wherein the sanpling plan includes a
plurality of Wadi $PFFindhstich ¢ tiadfine lochfetdatampiiayhethey ge dptected change may
conput enaffedyRk@i¥e ot wderiBind 6t o QfetcFBRGIMHRGeRh reBaASd at WAG JXB B GEdFsiiNthe
characteristjc for at |east one sem -conductor wafer manufactured by an
aut omat 88 8hWaeSnduct or manufact uring process, 20 conprising the steps

of : (A) provi@j ng whokn! teleiiOptoVieR SSaakebE WafeRfinduda@lth®ft 1680WE dateg bBigk Nt s
to ?@ measured by the —manufacturing process on the at |east one wafer, the
set 19f PSRy MrdsVisesiniie Ple furthedinglides figsh piorapiospsiraiehy afghe matert

| east o mﬁh&\@ﬁog;s éhat(28) av@HA4H0IbB Gheadtived! 1R sBRAY ARG HAONGpREREE Sof t’ wafers in
pre-determ ned sanpljing plan for 25 perform ng neasurenents on the at

| east off¥ &RaPdhat prg tReeAsweq pdenthe plaist one manufacturing characteri stic,

the plan def |y ngdisbedinBRSHBIENNTESedeMaldR JTRGRsuFRFROREIIN Bn tHe aBBAH ofBlaf&f

ints, and the]ﬁﬁlpgn defining at | east one region on the at |east

candi dat .ng.
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regiidn; ks dakea id g mmFhange prdtedshamdmanuf act uri ng process responsive

t hereto, the change 30 including at | east one of. receiving new material in
the manufact ®ing g‘ﬁﬁ%‘ﬁ@%,l’laﬂé’?@%ﬁ ﬁ@luﬁﬁfyaﬂﬁ FRlnesradigting from & FEY QF PR pasbcess,
det ect i b WafedtB @gndidatedol® Beln@ldispetuadalons theRplidee i8R Uiaibhtidn dAeheRbRERES, and
detecting a vari atilon in a gﬁasur ment of the I%gst one vvaf(far; and (D)

ad] ust i AGTE AISTRIBE DL 1S SershiSA Arg IR  SPEARE AES OFie BUSHSHPIE AWRIt ect ed change

and performng at |east one additionally measurenment responsive thereto;
WO 02/ 103778 ARGCIpulSORMplddchted sjisten{ &) maseingianletidh enesh@pfoafuriag phasiclerigicifocdt udes
det %m' Ei ng t he ?t | east one regi on corresponding to the detected change,
sel et i Mg EAS ATEREE DY SHB RIS AP i ns Q0P ¥ et responsive to the

candi dat e poi&t s stored afpanadongpiceentahies aietser dficareliiateq@inditp baashsgred g thehe

sel ected _at. | east one iQn asurenent, and revising at |east one of

t he neaénﬂlrmefer‘%lﬁrf%,pmtc 8 Ogg%?altt ?ei%%gﬁé ?‘Fggusc Irement and 5 the plan;
) stored information representative of a plan for performing measurements on the at least
one product to measure the at least one manufacturing characteristic, the plan defining the
25 measurements to be made responsive to said set of candidate points;
© a processor, detecting a change in the manufacturing process, the change including at
least one of: receiving new material in the manufacturing process, detecting a fault in the manufacturing
process, detecting a change in a control parameter in the manufacturing process, and detecting a

variation in a measurement of the at least one product; and adjusting, responsive to a detected change,

30 the plan for performing measurements based on the detected change.

18. The system of claim 17, wherein the processor further performs at least one additional

measurement responsive to the detected change.

19. The system of claim 17, wherein the processor further adjusts the measurements of the plan

wafer-to-wafer and/or within-wafer.



(F) wherein the step of adjusting includes determ ning whether the detected
change may affect a series of wafers, and if so, determ ning whether to
nmeasur e awoloeasl’7vone of the wafers in the series of waf ePST/USG/19er €i n,
there is provided a plurality of wafers including the at | east one wafer,
being 10 provided in a group, and wherigin the plan further includes first
i nfor ma0.on mapsyeeedfatain &7,ehetchBthyVBrb@ucsto befndatiReddk 8 bnilcbaduc@df Rafeyaidlugb| e
to be neas%;ed, and second information representative of the wafers in the
group t HEPU AN ProRass R AL QR TR CRAR Qs R utagtyngracesy Birther PRPEIREA on
r epr eseMaglony fie@dlodVBBSbIFEDimifi €SEdshiSmeits bh&iddenti-e@mluctoneafRbRIativiihen t he
measurenents results indicate a variation in neasurenent of the at |east
one mafé?“ﬁﬁﬁiﬁﬁﬁﬁxﬁw“TB fault is detected in the manufacturing process;
and (1) the sanpling plan includes a plurality of splines radiating froma
centgr of. t h@haiysle@aglclaid 0E widfe@l the blaefueBstdhdidde CinfRinhlich rigesagatiicf i but ed
along the splines; and a distribution of the candidate points along the
spl i nes ™PEOREY §APed according to a surface area of the at |east one wafer
17. A conmputer-inplenented system of neasuring at | east one manufacturing
char act e2.i st iThe §ystemadf cla@f) 17, edBicindhecandidaié acihid aedndiyded intamal @etipohdifle to
process,, C ggrisin%i A) stored information representative of a set of
candidapgag HOCREFSE measured by the manufacturing process on the at
| east one product; (B) stored information representative of a plan for
per for n2hg nEassysemeickioh7, Whereat the gasis a perdetgpmodd edmpfliog plpasur e t he at
| east one manufacturing characteristic, the plan defining the 25
Teagy! RNt S thOoRERTRYRL PARABRINE: Ly SRl 3 Rhuidh. RIRHLABLSRRLNLE LR @
processor, détecting a 5ﬁaﬁge N the nanurac uring process, e gﬁange
i ncl udi papdalate pomsssbrrespendidg tothectlewst nge egon.mat eri al in the manufacturing .
process, detecting a fault in the manufacturing process, detecting a
change b8 & GRNLY Rl JRIATE! Shelefh e BREACLULLG A QRS RN gflet ecting a
variation in a reasurenent of the at [east one Hro uct; and J usting,
r espons pipges@, the aldeastane degidvanogyesposiing théhepletented orange sdlesting afdeatecns additinmal s
based ORoldifenflfl EGhAAHMITaidEl polEet¥ShETHOL il MleBibla relEISlifhib e

f t It esponsi ve

processor further per p_rms at eas one ona neasur 'rr'ent
to Lhe edectediapldast prangditiond meTheemppsto dapeformpdinder e piahandienisingat lpasperesdor

further 4adjdiShsndnREHPBRRH SR SeQbnt biEmPpBR  Waf er -to-wafer and/ or
Wit hi n-wafer. WD 02/ 103778 PCI/US02/19116° 18 20. The systemof claim 17,

wherein the product to be neasured is a sem -conductor wafer and the
manuf aceer i ng"h‘b?yété@ﬁ claign i whgicBrthe Bepsyempity ¥ adivttstbydsierpigmgdp ity process,

further ,GEIR Ghdddr e defe@BBInaRREndVREEQ Q8 es bPPlodic®, afRBF {0 hdR REhiNERRIML TENT S
on said sem -conductor wafer, operatively connected to the processor. 5

21. The'osyepuppideastengiofihe prodipfe ighgseripeof Brogictf-ur t her i ncl udes i nf ormati on
representative of a

20 27. The system of claim 26, wherein there is provided a plurality of products including the at least
one product, being provided in a group, and wherein the plan further includes first information
representative of the products in the group that are available to be measured, and second information

representative of the products in the group that are to be measured under the plan.

28. The system of claim 17, further comprising storage of information representative of
25  measurement results on the at least one product, except when the measurements results indicate a
variation in measurement of the at least one product and/or when a fault is detected in the

manufacturing process.

29. The system of claim 23, wherein the sampling plan includes a plurality of splines radiating
from a center of the at least one product, and wherein the candidate points are distributed along the

30  splines



metrol ogy recipe. 22. The systemof claim 17, wherein the candi date points
are included in a map corresponding to the at |east one product. 23. The
syst em ofwoloaiiea71&, wherein the plan is a pre-determ ned amglsongipé an. 10
24. The systemof claim 17, wherein the plan defines at |east one region on
t he product, each of the candidate poiipts corresponding to the at | east
one regi3on. Zhe sybleeh YRR 0D, Ofhefdipd dbtdButioMdeihe tahdida® pRaWnE ARAbEne ise
adjusted b etermnin in the cessor, the at |east one region
corresp&ﬁtﬁéﬁga‘f%’r ‘F‘Fet(’&g‘t“&ftaé@%%‘g@t eaSts‘E‘FQFP@P‘ﬁg at | east one additional
measur enent responsive to the candidate points corresponding to the

det erm ned r aye ORtenBESla@n il NGvHeltdh thEsaaplieg pladlinaludds@adiralan of addit dianadted
measur ene to be performed under the plan, and revising at |east one of

t he rrea§?ﬂr'}1 the additional measurenent and the plan. 26. The system
of claim 17, wherei n the measurenents are adjusted by determning, in the
procgssoer, waeddigutet- h@tﬁtﬁetmtsgmer@ hﬂn@eurn@at B eﬂk-imﬁlu%fuhﬁ§ ciafacprigibifot#, and
if so, determni.n t o _measyre at t he products in the
ser o5 SRRSO gt Der siBelhEttintiondRtions Souftert man HBpiE it

provi dedompyingt al i ty of products including the at | east one product, being

provi ded in rou and wherein the rth i ncl udes first

i nf ormation %gpr é@’&eﬁt‘%?’t%“’%fepteﬁeéﬁﬂﬁtga@&e@& ée Pé’tl’é%tﬁ%? M ARy Rfai | abl e

t 0 be measwhedinggictessamohcht ldafioneratien the sty cagiRiatedbinkedls ifc@epmadhagt S i n

the rougr t hat. are.to be neas red under the plan. 28. The systemof claim
ur CHEFPRGISET U ARt B "0f i nfor mati on representative of. 25

rreasur ement (Bsul ﬁrﬁomtlbmﬁpﬁtentaﬁ%(ﬁf agiedqerathed bamexg gl f(W@eﬂorhﬁl%

measurenents re vari a i n. nmeasurenent t he .at | east

one pr o&ﬁét“feé‘tta%tltﬂtﬂté%a% t?r P ?eﬁsélteth? %&eﬁstnonf RROUTAGHTe S g?rﬁ‘fl?q‘?& Mcess.

29. The pmyslt:ﬁamglhe mkauremnts to/menaete respdsielvs anqaldi setgnfphraltmter}mimsdaﬁltae Iplhrur ality

of spli &3 a roduct

wher of noemr iR wesh AR LBR GePirbitl ur SRGeR BB rE e

02/ 1937 38eRCHeWSHA; 19116 19 30. The system of claim 29, wherein a

distribution f the candi oi,nts alon ines is

according to'@ sufPEES Y gegecgltlg ¥ fHnsg in fhed nugﬁtgn %%&éstf“’sp@tﬂval‘ﬂ%e@%? em of

cl ai m 1¢hanghmrleding tatheass@lafpf|reng1vpigamwmm:dr1atimshean4ﬂufmmhng procss, exeldtak b Yault

?T:EZ.tSL:' Pﬁngt%g ﬁu%acgl%nn%fg?oc SS cpa%ecfl rcl%ﬁn (3 Hﬁ%. F(%Rétofell)’ag 3 Iet I IIQF t[l’{ema?uqaci%l}/nngtprocess

sem - conaldsteotingvatagiationsin @ frgeturenedt df\thean leasttoosrabied an;céadjusang; ckspdnBive to the

manyf act,ur C n A d i.nformati.on representative

of géseta& th 3 T %dtﬁggl’an fogﬁfr:%r&ngﬁ% a%l%%r)slenfseéseg{ pnls cg{e?rtﬁétu actdl Hp R process

on the mastloefa&tdltwnd maaﬁlmmenthaepomst/eméretoandl date poi nts being i ncI uded in a

map ) wherein the measurements are adjusted by determining, in the processor, the at least
one region corresponding to the detected change, selecting the at least one additional measurement
responsive to the candidate points corresponding to the determined region, and assigning the selected at

25  least one additional measurement and revising at least one of the measurements, the additional
measurement and the plan;

®B wherein the measurements are adjusted by determining, in the processor, whether the
detected change may affect a series of wafers, and if so, determining whether to measure at least one of
the wafers in the series of wafers;

30 @® wherein there is provided a plurality of wafers including the at least one wafer, being
provided in a group, and wherein the plan further includes first information representative of the wafers
in the group that are available to be measured, and second information representative of the wafers in
the group that are to be measured under the plan;

G) storage of information representative of measurement results on the at least one wafer,

35  except when the measurements results indicate a variation in measurement of the at least one wafer and

when a fault is detected in the manufacturing process; and



10 corresponding to the at |east one wafer; (B) information representative
of a pre-determ ned sanpling plan for performng neasurenents on the at

| east onewaaRae37t® neasure the at | east one manuf acturi ngPCRASAY1916 St i C,
the plan defining the measurenments to be made responsive to said set of
candi date points, and the plan definirg at | east one region on the at

| east one wafaey easRinahe @h@h@gaquﬁti ﬁialh&sﬂ(phﬁlilﬁy RIS pmtuﬂlh@goﬁ@ cemer of e at

| east one ( rocess ing a ch he nmanuf act uring
process? s‘Y% 'g%t%a}nét%?)te PPIRES C‘BE ﬁtj “‘ie‘?té‘g%l‘ihﬁ ‘%‘1“8]%‘1:}1081"¥ the
receivi ragmmaw poRtselldnglthd splifidd Beif@ MieRed bichidghe6 068 ESe atézﬁ&ﬁﬁé dtM@stdnt dfet. 1N
t he manufacturing process, detecting a change in a control paraneter in the
manuf actéyrl n r ocess, Ed detect i n% a vari a ion |§1a rreasgr nt of the
at | east one VEfBHEr BREARIP U HEE o %%B?Fs‘f‘t}‘é FHIPRESE I dRt L FE RN ge,
t he Pl aprododt npaifhainl Bga MAFIIHETTR PieR Al e cbnipiuter PR gthal Ratech covapger-and
perform ﬂ a (Least one additional measurenent responsive thereto; (D)
wher ei n"PRPISTBEEUP-SOPRIY S e adj ust ed by determining, in the processor, the
at | east OneAy egidfudtiond fospotiding dnfbtnatiberefRtcdttietofthangeandi®iegointiyg bthe at
| east one addi.tional asur enent esponsive to the candi date points
cor r espBRaHYg & PH m%‘t‘*‘é‘?‘?ﬁ’rﬁ%‘:&w‘e 8 ‘ﬂeas%ﬁ?ﬁpé@gfgm ng the selected at 25
| east one addby i onatrudt@asior ewenting ssydhd mﬂﬂu&c&@ngbroh&&&tplﬁﬂ’er wifotrhigg
rreai{)jrerrents t he ddrironal 8(g{?:asurerren 'ﬂ % [(;52 wher ei n ti]he
meastr e MSAUECTEPE OB He 6 °8Y OB PadCR R Yt e‘tsh%leﬂ‘gaé‘t} catpe ShAREPHES Phe
S\Et eﬁ t eglag defir@e tname:aﬁlfeeeﬁts & t&eﬁddfeSesdensMﬁfofesi’aﬁi setadidanﬁttdafe(pondset e ]r m ni ng

ether to sure at t.one o t he ers_in.the series _of wafers; 30
(F) wherei nmf er e“}SE“%HQB&SH‘é%"*CB%t eegs P yPegraniiRr UrRe PTRESH A ER Sl e ast
one waf erlgasb@ieldd redeiving rd@dndtcmaamgh@:uﬂluf&ﬂﬂng\:bﬁb@b I‘detebtﬁgpd fault ihdiet her
includes first.informatio reresentativ of the ers, in the that
v avarmaidt Do Put BiRe Da SomiT pos e Mo s b ey 8t he
waf @5 s détectinpe vgtauupntdméasaemeﬂteftlheatrImswe@ebduadmd the plan; (G stor age of
information r rese ative of aur nt results on t
LR T T T X
nmeasur ennge.of the at | east one wafer and when a fault is detected |n the
manuf acturing process; and WO 02/ 103778 PCT/ US02/ 19116 20 (H wherein the
el | gy P12 QELUAER P ey FEL SRR See e S ERESTENRY The
spli nesfor@mﬂomunglaslelastbuetaddmoodlntelaelrelmndl date points al ong t he splines
bei ng wei ghted according to a surface area of the at |east one wafer. 33.
Ac uter p ] istic
For 200 PEnst TRoR il IRFSL Hioh: Gk B2 b Mol LRGHE LB NBLAG ]| 2
_corrput epl_apm@r-w@tmn_é@_rwnhlam&muter- readabl e medi um conpri sing: (A_)
instructions for providing information representative of a set of candidate

points &9 berye program of claim 33, wherein the product is a semi-conductor wafer and the manufacturing

process is an automated semi-conductor manufacturing process.

37. The program of claim 33, wherein the plan further includes information representative of a

25  metrology recipe.

38. The program of claim 33, wherein the candidate points are included in a map corresponding to

the at least one product.
39. The program of claim 33, wherein the plan is a pre-determined sampling plan.

40. The program of claim 33, wherein the plan defines at least one region on the product, each of

30  the candidate points corresponding to the at least one region.

41. The program of claim 40, wherein adjusting includes determining the at least one region

corresponding to the detected change, selecting at least one additional measurement responsive to the



measured by the manufacturing process on the at | east one product; (B)
instructions for executing, by the manufacturing process, a plan for

per form goQ/1easur ements on the at | east one product toPEFASOY®1Ihe at

| east one manufacturing characteristic, the plan defining the nmeasurenents
to be nade responsive to said set of canpdidate points; (C instructions for

det ect i Rghdiat AR okBspoh@nd R Rk b oPh L8 SHng thd S1chanRbBast B Addiibghl at
| east one of. receiving new material in the nanufacturing process,

det ect i MFeHTemeHf fo b perdimed prdstthe Bletand iV ableast oprf e meigirgmetafitfe in a
control 2gafadEhekukRetiRed BRIHACt uring process, and 15 detecting a
variation in a neasurenent of the at |east one product; and (D)
instructions _for adjusting_the plan for perform ng neasurenents based on
the det &ét ed The FiREgE: of sleim 34 whereadipsingr inglpdes Aeterminipg, phetbsr theglkisripd Phagee

I NSt § UC a9 BfFect b 8&RO BSpry@uctsCarldisofl@i Rl WRARPR, meabiRé atNQkT ik BF e pRidudteRst
one additional neasurenent. 20 35. The program of claim 33, further

conpri stKgeHsTOf Pi9e¥Stons for adj usting measurements of the plan

waf er-to-wafer and/or within-wafer. 36. The program of claim 33, wherein
the pr odg.ct Mhe proglgm' of@ﬁﬁﬁi@tv?lére%ﬂfl;&é isqpnélidedde pliﬂ£3117ﬂ§ aﬂT:ﬁrwuuaglcman@&?% lléagt an
aut omat ed semi - conduct or  panuf act uri ng. pr ocess. . e_program of claim
33, whePBf Fofys %EP%HYOH‘?FCE W&gf?‘Wch@MPW‘E‘i‘6P%?Wr‘8W lP%bJ;éQgth%rP@%o%f a 25
et r ol oige}péésgﬁ@tpze of 8. prdduets B @g g%ﬁp bt 8¢ aiaﬂme?m b\lsllﬁ%a@'rda, &dﬂ%edbg@ di‘f&iﬁfggorp $ Ih nts
are_jncluded in a_map corresponding to e at | east one product. : e
pr obb antPresiVohhe Bm%"rt%‘i“r’ill‘oetgﬁ‘éupﬁﬁﬁﬁreit%g%lmﬁéfsgr-eﬁé’ﬂ%Fmeﬁgﬂ' sanpl i ng pl an.
40. The program of claim 33, wherein the plan defines at |east one region
on the puoduQhe p@gah diclaind 83, tfirethec amehrididg éhspadtivhsSfocdisdaekpdndimgiono t he at

| east one reqion. .41. The programof claim4 erein adjustjng jncludes
ot or m ARRGTTHGE af mrisuPon e pug e G pEepdhgh B TeRgassdeul change,
sel ect i iglicate a vadsion dnmeaddnbnt@i tle anleas tiiegiradict P yhai afault B dela@ed/¥D the

02/ 103778 F,}CT/ US02/ 19116 21 candi date points corresponding to the

det er mi FEBYPEYTEPOSG%si gni ng the sel ected at | east one additional
nmeasurenment to be perforned under the plan, and revising at | east one of

t helfreadbir en@he progtatveof chodBY, ivdia@in thessipiiegplad inalndestatpbirgltyaof sphs radetingr ogr am

of ¢l ai f3% cNAEKShL: AL YRE hadhd 164 WSS, St LA AL MRELNEE WLk eCt ed
change 5 may aftect a series o’ products, and 11" so0, eterm ni ngg et her
t o nmeasoplmeat | east one of the products in the series of products. 43. The

program of claim 42, wherein there is provided a plurality of products

i ncl udi ng. th Q’Rg‘érokxﬁgﬁ%& 81399%5 R Whgglﬂlﬁa% distl%:dtigg oPho yainﬁﬁgte :ﬁ)&n%ag)[hg g% ’S{)lﬁ{él,g isWh erein

the plan furt ] s first ormation representative product s
in the getzbisd a¢ratdingrte agqutdct atoh ef thoattrastpmagpded, and second i nf or mati on

20  47. The program of claim 39, wherein the sampling plan includes a plurality of radially distributed

candidate points.

48. A computer-implemented program of measuring at least one manufacturing characteristic for at
least one semi-conductor wafer manufactured by an automated semi-conductor manufacturing process,
the computer program stored on a computer-readable medium, comprising:

25 (A) instructions for providing information representative of a set of candidate points to be
measured by the manufacturing process on the at least one wafer, the set of candidate points being
included in a map corresponding to the at least one wafer;

(B) instructions for executing, by the manufacturing process, a pre-determined sampling
plan for performing measurements on the at least one wafer to measure the at least one manufacturing

30  characteristic, the plan defining the measurements to be made responsive to said set of candidate points,
and the plan defining at least one region on the at least one wafer, each of the candidate points

corresponding to the at least one region;



10 representative of the products in the group that are to be neasured
under the plan. 44. The program of claim 33, further conprising

i nstruct iwe2flea778li scardi ng i nformati on representative ofPCra®S2uIGMENt
results on the at | east one product when the neasurenents results indicate
a variation in neasurenent of the at | east one product and/or when a fault

i's detected i(0) thenstriRidHS REHENINEY 2 HAEES $he rddufhoturiddSros OBERMI RS thékia] diz 39,

wherein the samlin | an includes a plurality of splines radiating, froma
cent er 6%”‘??18“’ Ing aegst ‘Hﬁé’f‘ﬁF%HH&‘{eWa‘PF&e%ﬂ’é‘rt IHaWF?éR‘&‘ﬁ%B‘ioaséf’é‘etﬁﬁlnﬁta§a“étr e

di stri b @6 mah@i@uring®rocsf] deiRting Aéhangehe a PSRG! FiaArRferGh fib MaffactWiRpRdcBssa

distribution aof the candidate points along the splines is weighted
accor di H@A eéecﬁn%au}‘qﬂé‘ﬁ@laraé%aaﬂ]lrgnﬂ%é"fé]ﬂeTtgﬁgtton‘éi“{éfeﬁroduct. 20 47. The program

of chai m 39, (mher @istuddes HasPhtiRGthd AR forpetfoidRfy Beadlbditd Badedtn thddbiadlely
distributed candidate points. 48. A conputer-inplenmented program of
measur i (f¢f&% | east one manufacturing characteristic for at |east one

seni - conduct gF) Wak@erefieddptb@ptibdleRks Btertiiniftihe ABEBCnS @88 onCdREUEAEAS to the

manuf act,uri ng pr ocefs,, hhe corrputgr.,pr ogram stored on a %orrpu,t er - readabl e
medi um IEEH{sT Thanggselessng thy atilgrstong afdital MEFUTBRE FEPIGVR HFtBF FrafidaR points

r epr eserbidspotingfio the d&mBhedGafich, datoRing GetbBetbdat Mst JNE additicRdl M4sirfient, and
manx{)actur,i, ng process,  on the at |east one wafer, the set of candi date

poi nt's BRIIRE at AT PRty ReaguRmnts deddipebmaruiemerthandde plalkist one wafer;

(B) idnst ruct i(lg)ns m}e;emmﬁlu?ﬂgn@?udayd&&?umﬁmt the ldB@cted ?ﬁﬂgs:snatyﬁffectta s?ries t
pre- eterm ne |nNg . pla or pertormng neasurenents _on tne_ a eas
one waf 8 WHE AP elet R minle ThSHhet togRras Rt RS PF they Watsts 1R g segies &f Valetsc, the
pl an defi ni ngG} he wkeRBULEER D S/ide® a PRIABOE WABSH) MBI theDat FAbt@nS RhfeQbeing

candi date points, and the plan defining at | east one region on the at_ | east
one waf &Y Biéé\lf‘l‘f‘ pupy "@?FFE‘? %SP]@“ Bthag @cludes fissmbamaiigngertesepiavepf thewaersone
regil®n; inMe: Qidhd B3i/afS8aRIAId 150 inkShidd, andRedofdl infddEhlidhChproRRbtali @ of @RtvRE:d AY a
change in the nanufa[(P:Pturi ng E@gct@ss responsive thereto, the change

i ncl udi Yy 8P RS &P tobrmesurtd Wnder Of fig%new material in the manufacturing

process, det @&l i Nghsaudtiat for dikdardidEinfoBatioa edptdstiidivp bDBESGremER @ Gkd dAGhdat

change in a contro] paraneter in the. nmanufacturin rocess, . .and detecting
AT bt nd Rk el Aol S SR Birn TP B Pt UEET ons
for adj ust wing atfhet ipiaectddan teakdhofohigg frersdy aeitent s based on the detected
chapge; (E) erein adjusting includes determ ni the, at | east one_region
cor 2@5 pondi ng’t o f"'ﬂ%remdget S@E‘Pgrbg Lg?{’dﬁ E‘,fes§8[ué8&‘lt5i %ﬁgﬁﬁémgfau?% Qp 2 Geper of at

addi t i oftadt oneasior, @ReaididaeSHisShee didrituid atoap tHedplires;pad atdBtribadsn E#pondi ng to

s ur o RBRLA SRR P BTG A LACe S BHES br Pt REACLPE AR el

addi ti onal measurenent, and the plan; (F) wherein adjusting includes
det er m A9.ng Whetnherer-inipéentated syseth cthamngeingayleaf érecbanafasteringcharacteristic for at

least one manufactured by a manufacturing process, comprising:

25 means for representing a set of candidate points to be measured by the manufacturing process

on the at least one product;

means for providing a plan for performing measurements on the at least one product to measure
the at least one manufacturing characteristic, the plan defining the measurements to be made responsive
to said set of candidate points;

30 means for detecting a change in the manufacturing process, the change including at least one
of: receiving new material in the manufacturing process, detecting a fault in the manufacturing process,
detecting a change in a control parameter in the manufacturing process, and detecting a variation in a
measurement of the at least one product; and

means for adjusting, responsive to a detected change, the plan for performing measurements

35  based on the detected change.



of wafers, and if so, determ ning whether to neasure at |east one of the
wafers in the series of wafers; (G wherein there is provided a plurality
of waf er swoiopaba1@s ng t he at | east one wafer, being provi dedTiusozaigioup, and
wherein the plan further includes first information representative of the
wafers 15 in the group that are availafg e to be neasured, and second

i nf or matjoon r"ﬂﬁ"sﬁ@@ﬂbiadl:ilifﬁ@offurthéiQofﬁ?{flsﬁfgSméaﬁs fok Bfisigll UPast @ﬂ%dcﬂﬁ&lal 0 be
measur ed under the f}gq)lﬁl nstructions for discarding information

r epr esen TSP IR FespasYe b fRtetdshinee on the at | east one wafer when the
measurenents results |nd| cate a variation in nmeasurenent of the at | east
waf er  asd WIER sstdnal daiinSiogeheeah @ detBetind eneBBTufiRe idrdBthdpis@izans; and 20
(1) wherein the s I|n | an i ncl udes lurality of splines radiating
froma dB‘?f‘P‘ér?m?ﬁs"jtt g ieTg Ry A ?”Ylﬁ’étp Wi dat e points being

di stributed al ong the spl ines; and a distribution of the candidate points
al ong t hea. spl Theegstdns oMi@MDQﬂhe‘Bﬁﬁ e @htoddgcttObEmeddtik @R samBendictdrh@featind @ast

one wafer. 49. A conput er-| nt.ed stem of neasurin t | east, one
anuf act TG R SR A6 SRR St ol RS MO PRET Wby sing &
manuf actledst MeanpP fod pESSMiMRAAsUrS&hdngs onddid¥eains®nitorepresent i ng a set of

candi date points to be neasured by the manufacturing process on the at

on-the aE- | calt B BroCe: YR rbLEaPd (R ARl bR R A ng

char act endtsidgg recippe pl an defining the neasurenents to be nade responsive
to said set of candidate points; 30 neans for det ecting a change in the
manufactyri n OGS : iving new
PR S e R O M et e A

manuf actthe athgstpnopedet. det ecting a change in a control paraneter in the
manuf acturing process, and detecti ng a variation in a neasurenent of the
at | eastssone r GRS [ 0 a detected
change, the pl a 9§L gﬂ;@f ﬂﬁ?érm ngeugrgla 8Gr emaIIT H&elﬁ%%%éd]\ég’n%t he detected
change. WO 02/ 103778 PCT/ US02/ 19116 23 50. The system of claim49, further
conpri sidg medasystent ofclaimidfgvierein tha plan defeneaaldéasi on aggionrmadis gredvetn gach of the
reSponS'c\éﬁ‘dléaQeﬂomﬁs &%%ﬁ&qgm%zg@eas%eregﬁﬁ system of claim49, wherein the
detecting neans further 1 ncludes adjusting the neasurenments of the plan
wafer to-wafer and/or within-wafer. 5 52. The system of claim49, wherein
the Iprodict tlhepwiamelclAingds; whezein adigstingmerns adipst Higfreqasuspraentshy determinmadnur i ng
process the'sp@é&ss%l=l fiRmied oReRLioR Q&{jeld?& n@fng TRML HAELAH dhBihe PeREGT St legslt' bhder

conpri si ng‘él | east nmeans for orm ng measurenments on said

seni - corfdtiEprst masprsmentesponshye tQ {hs candidgte neings cefraspondipgetp dierfleteraingsd iHoRur t her
i ncl udesisdigfity thddeletidd LEPALSRANAHbME MO suRmeRRS bOPRBYmiEHIA he pm] 2t reVitiBe

system of claim49, wherein the candidate points are included in a nap
corresp Shlsesh @ne((g the measurements, the additional measurement and the plan.

20  58. The system of claim 49, wherein the adjusting means includes adjusting measurements by
determining whether the detected change may affect a series of products, and if so, determining whether

to measure at least one of the products in the series of products.

59. The system of claim 58, wherein there is provided a plurality of products including the at least
one product, being provided in a group, and wherein the plan further includes first information
25  representative of the products in the group that are available to be measured, and second information

representative of the products in the group that are to be measured under the plan.

60. The system of claim 49, further comprising means for representing measurement results on the
at least one product, except when the measurements results indicate a variation in measurement of the at

least one product and/or when a fault is detected in the manufacturing process.



the at | east one product. 55. The system of claim49, wherein the plan is a
pre-determ ned sanpling plan. 56. The system of claim49, wherein the plan
defi nes awoloeasi77®ne regi on on the product, each of the earndiSdaig1points
corresponding to the at | east one region. 15 57. The system of claim 56,
wherei n adjusting neans adjust the neadrenents by determning, in the

pr FC ess o, t hihe gfstehndE etaid gg, ngeg:iiroﬂlhe Saipliag plan dicmgest@lﬁrhlgy dﬁipﬁﬁésﬁ&li&ti'm@g g S '

sel ecti at | east on addi ti.ona asurenent. responsi ve to the candi date
poi nt s CBPFSSHEROl e ioge NG PRERL A HEG St Gridaicadity e A rithisd dongdfed at

| east owrginaddi ti onal neasurenment to be perfornmed under the plan, and
revising at |east one of the neasurenents, the additional neasurenent and

the pla 20.58. The .syst f clai.m.49 rein. the adjusting peans
includegzadju %ﬂﬁﬁnﬁéééﬂPgﬂéﬁ?@“ﬁyhghQﬁ@Pﬁfﬁ?ﬁaﬁmﬁgwﬂ8ﬁ5ﬁW§ﬂﬁgP€%¥éb change
may af f eeighed aenidag toh spfzd wet sf thamdeasf ons @rodd@t er m ni ng whet her to measure
at |l east one of the products in the series of products. 59. The system of
claim58, wherein there.is,provided a plurality of products.incl.udjng the
at |eas t% > onghffos S§UC ,Cﬁbnellﬁgrig‘fv hﬁrrebn\c}lg%isea&lp?lﬂg %%a‘b}“éi’fé‘ﬂ":s aéﬁﬁa 8£ré‘fhﬁl?3f #'}%nblfr}%%

furt her candgleegemtst i r st i nformation 25 representative of the products in the
group that are available to be neasured, and second information
representative of the products in the group that are to be neasured under
the plan. 60. The system of claim49, further conprising neans for
representing nmeasurenent results on the at |east one product, except when
t he neasurenents results indicate a variation in nmeasurenment of the at

| east one product and/or when a fault is detected in the nmanufacturing
process. WD 02/ 103778 PCT/ US02/ 19116 24 61. The system of cl ai m 55,
wherein the sanpling plan includes a plurality of splines radiating froma
center of the at |east one product, and wherein the candi date points are
distributed along the splines 62. The systemof claim6l, wherein a

di stribution of the candidate points along the splines is 5 weighted
according to a surface area of the at | east one product. 63. The system of
claim49, wherein the sanpling plan includes a plurality of radially

di stributed candidate points.




