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Field of the Invention 10 The present invention concerns computer-related
and/or assisted methods, systems and  computer readable mediums for
metrology during process control. More specifically, it relates to  dynamic
adjustment of metrology schemes and sampling during advanced process
control methods, for  example during control of semiconductor technology
manufacture. Related Art 15 In the wafer fabrication art, measurements are
made by metrology tools on wafers as they are  being manufactured by
processing devices, in order to ensure that the wafers are produced
according to  a predefined specification. The measurements are made of
physical properties such as film thickness  and uniformity, dopant
concentration, gate length and critical dimension. This is known as the
science  of "metrology." 20 Measurements to be made are typically specified
in a "die map". The die map indicates where  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. WO 02/103778 PCT/US02/19116  2 Unfortunately,
manufacturing results tend to drift away from the intended target or
specification when there is a change in the manufacturing process, such as
a change in recipe,  preventative maintenance, consumables change,
environmental change or a new lot of wafers.  Conventional metrology
systems tend to miss some wafers which are outside specification limits,
since 5 these systems use a virtually consistent measurement scheme, having
consistently frequent  measurements with consistent spatial resolution,
without taking into consideration whether any changes  were introduced into
the manufacturing process which might change the manufacturing results.
Manufacturing systems do not typically call for a measurement of every
wafer, since measuring  takes time and increasing the number of
measurements results in a decrease of productivity. On the 10 other hand,
measuring fewer wafers tends to lead to delayed detection of critical
information for  process control that may significantly impact wafer yield.
While conventional sampling systems will  sample wafers during and/or after
production, these systems do not adjust the initially assigned  sampling
plan for the wafers during production. Thus, there remains a need for
dynamic metrology to improve the quality of products. For  15 semiconductor
wafers, there remains a need to better check whether each specification is
met under  production conditions. There also remains a need to respond to a
change in parameters which may  cause a variance from intended target
results, such as recipe parameters, and to adjust the frequency  and/or
spatial resolution of measurements. Unfortunately, taking measurements
takes time, and most  processing devices are faster than the measurements
that need to be taken by metrology tools in order to 20 characterize the
wafers using a metrology. Thus, there remains a need for a method, system
and  medium to react to changes potentially affecting the system results,
and to appropriately adjust,  increase, or decrease the measurements
accordingly. Summary of the Invention The present invention alleviates the
problems of the conventional techniques described above  25 by dynamically
determining whether a wafer needs to be measured for process control based
on  changes in the resources, recipes, etc. In addition, for a given wafer
to be measured, measuring points  are also dynamically assigned to the
metrology tool. 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 WO 02/103778 PCT/US02/19116  3
variation, the invention dynamically selects more, fewer or different
points (depending on the  circumstances) to be measured from among the
candidate coordinate measurement points. According  to the wafer-to-wafer
variation, when there is a change in the manufacturing process, the number
of  measurements may be increased, to measure every wafer rather than just
every third wafer for example. 5 As one example, when a new recipe is
implemented to significantly change the thickness at a particular  region
on the wafer, a greater number of within-wafer measurements can be made at
that location by  selecting more and/or different candidate measurement
points. As another example, when a fault is  detected, the frequency of
wafers selected for measurement is increased; this increases the
probability  of detecting defectively manufactured wafers and correcting
the control parameters (such as in 10 connection with a feed
forward/feedback method). In some situations, large deviations may require
less  frequent measurement or less spatial resolution than small deviations
when the large deviations clearly  identify the problem, whereas small
deviations may be difficult to identify and more frequent and/or  dense
measurements may be necessary. The reverse may be appropriate in other
situations regarding  the frequency and density of measurements, or it may
be the case that the same number of 15 measurements may be taken regardless
of deviation. According to one or more embodiments of the present
invention, there is provided a method,  system and/or computer-implemented
method for measuring at least one manufacturing characteristic  for at
least one product manufactured by a manufacturing process. Information is
provided,  representative of a set of candidate points to be measured by
the manufacturing process on the at least 20 one product. The manufacturing
process executes 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 the set of candidate
points. A change in the manufacturing  process is detected, 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 25 manufacturing process, and detecting a
variation in a measurement of the at least one product.  According to one
or more embodiments, the plan for performing measurements is adjusted
based on the detected change and at least one additional measurement is
performed responsive thereto. According to one or more embodiments, the
measurements of the plan are adjusted wafer-to- wafer 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. WO 02/103778
PCT/US02/19116  4 According to one or more embodiments, the adjustment
includes determining 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, assigning the
selected at  least one additional measurement to be performed under the
plan, and revising at least one of the 5 measurements, the additional
measurement and the plan. The adjustment may include 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.
The products may be provided in a group, and the  plan may further include
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 10 measured under the plan. According
to one or more embodiments, information representative of measurement
results on  the product is discarded when the measurements results indicate
a variation in measurement of the  product and/or when a fault is detected
in the manufacturing process. According to one or more embodiments, the
sampling plan includes a plurality of splines  15 radiating from a center
of a product, and the candidate points are distributed along the splines.
The  distribution of the candidate points along the splines may be weighted
according to a surface area of the  product. According to one or more other
embodiments, the sampling plan includes a plurality of  radially
distributed candidate points. Brief Description of the Figures 20 The above
mentioned and other advantages and features of the present invention will
become  more readily apparent from the following detailed description in
the accompanying drawings, in which:  Figure 1 is a flow chart showing one
example of dynamic metrology for "wafer-to-wafer"  processing in the
present invention. Figures 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 WO 02/103778 PCT/US02/19116  5 this discussion, similar elements
are referred to by similar numbers in the various figures for ease of
reference. In addition, features in one embodiment may be combined with
features in other  embodiments of the invention. In one or more embodiments
of the present invention, static metrology means there is a pre- 5
determined sampling plan in connection with a wafer (or other device) to be
measured, specifying  substantially the same points for each wafer (or the
other device). In contrast, a dynamic metrology  plan utilizes an initial
sampling plan and adjusts the sampling responsive to certain events or non-
events. As an example of an adjustment due to a non-event, if the last ten
wafers measured are all the  same, and if the processing device did not
change, and if the recipe on the processing device did not 10 change, one
could reasonably assume that the next series of wafers will have
measurements that are  also all the same. That being the case, then in
order to increase throughput and decrease the time it  takes to do
measurements, the invention provides for dynamically adjusting the
measurements, for  example, such that every third wafer instead of every
wafer is measured. This invention thus detects  and adjusts for not only
potential errors, which could arise for example upon a recipe change, but
also  15 for accuracy. One or more embodiments of the present invention
contemplate that the invention may be used  in connection with
wafer-to-wafer measurements described above, as well as, or alternatively,
in  connection with within-wafer measurements. Consider an example of
within-wafer measurements, in  which measurements are taken along a radius
of a 200mm diameter wafer and the radius is measured in 20 10mm increments.
During processing it is noted or detected by the usual detection process
that there is  a large variation at the 50mm and 60mm points. For the next
sample, the system adjusts to measure  another point from the sampling plan
between 50mm and 60mm to better characterize that variation, or  optionally
to measure an additional point, for example, between 40mm and 50mm that is
near the  



location of the variation. If the die map includes points at 45mm and 55mm,
these points can then be 25 added 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 WO
02/103778 PCT/US02/19116  6 the radius at 45mm and 55mm, if these specific
points are not relevant to the current die (e.g., they are  not specified
by the die map), an appropriate replacement would be points selected from
the candidate  points specified by the die map which are close to or
between 45mm and 55mm. Those points could be  selected dynamically as well.
Other criteria may be used for selecting points as well. 5 Dynamic
metrology is performed to better meet a certain specification. For example,
if recipe  parameters are changed on the processing device, to adjust the
thickness of a film that is deposited on  the wafer, it may be desirable to
more closely check whether the specification is still being achieved by
performing measurements. In order to avoid slowing down the process, one or
more embodiments of the present invention  10 advantageously determine the
appropriateness of performing additional measurements when one or  more
events occur that are likely to indicate an internal or external change
affecting the manufacturing  process or results. The increase in
measurements and possible corresponding decrease in processing  occur on an
as-needed basis and/or based on predetermined criteria. The wafer-to-wafer
variation of the invention, for example, can check for events which may 15
affect a series of wafers and may adjust the sampling plan. For example,
during processing, the system  determines if an increase is needed in the
frequency of wafers measured for process control, for  example, based on 1)
a change in the processing device the wafers are processed on, 2) a change
in the  parameters or recipe that were used by the processing device to
process the wafer, 3) large detected  variations or errors in measurements,
and/or 4) a significant run of wafers without errors. 20 Particularly
regarding within-wafer variation, one or more embodiments of the present  



invention contemplate that the system obtains a stored die map with
metrology coordinate information  from the MES. As indicated, the system
can provide not only for assigning the measurement points  optionally
dynamically, but also for de-assigning. One or more embodiments of the
present invention envision changing the sampling plan using  25 information
that is gathered from the MES and automatically using that new sampling
plan, depending  on, for example the type of processing device on which the
wafers are processed. Advantageously, the  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. WO 02/103778
PCT/US02/19116  7 In practice, the system may, for example, measure
twenty-two to twenty-five points per wafer  from the pool of candidate
points. For some processes the system might measure fewer points, such as
eight points, because it takes longer to measure those points or the wafer
processing time is faster. For  other processes the system might measure
one point of another type of property, such dopant 5 concentration, which
is a relatively slow measurement. In any event, it is important to balance
the time consumed in a measurement against the need to  produce quality
products. Manufacturers consider it to be more important to be within
specifications  and not produce defective product, than to rapidly produce
product of suspect qualities. Each processing device on which a wafer is
processed has a different processing time, and 10 therefore the selected
standard sampling rate may depend on the speed of processing of the
processing  device and metrology tool. On some processing devices,
measurements on every wafer will not slow  down processing since the speed
of the processing device is slower than the measurements by the  metrology
tool. For example, polishing and cleaning processing devices may consume
five minutes or  more to process a wafer. In that case a post-processing
measurement by the metrology tool on every  15 wafer would often not reduce
throughput. Additionally, the system may determine whether or not to make
additional measurements based  on the initial and the final condition of
the wafers. For example, if there is a situation in which the  



incoming thickness profile of a cross section of a wafer does not change
very much, the system may  reduce the frequency of samples of incoming
profiles, wafer-to-wafer. On the other hand, if the 20 incoming profile is
changing significantly, it may be desirable to measure every entering
wafer.  Reference is made to Figure 1, illustrating an example of a flow
chart for one or more  embodiments of a wafer-to-wafer dynamic metrology
system. The system checks whether there may  have been a significant change
in the state of the processing device, which can be detected by checking,
for example, idle time, change of consumables, etc. There may be other
events that could be checked 25 that would indicate a potential change in
the processing device or lead one to believe that it might have  been
changed. It is possible that the processing device itself may include
sufficient programming to  recognize or track those type of events. The
flowchart example in Figure 1 includes an example 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 a long 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 WO
02/103778 PCT/US02/19116  8 return to the initial sampling plan once it
detects that the process is again "normal" or again producing  product
within specification. Referring still to Figure 1, consider for example a
typical cassette of twenty-five wafers to be  processed according to one or
more embodiments of the present invention. The cassette of wafers 5 arrives
at the processing device, usually from some other processing device, and
processing on the lot is  started, at block 101. If a wafer being processed
by a processing device is the first wafer of a particular lot on the
processing device then it may be desirable to measure this wafer, in order
to detect if perhaps there was  some processing device related property
that changed. Thus, at block 103, the system checks whether it 10 is
processing the first wafer on the resource. This could also include
situations such as following  preventative maintenance where the chamber in
the processing device has been cleaned or perhaps a  consumable was
replaced in the processing device. If a processed wafer was the first (or
other predetermined) wafer on the resource in accordance  with block 103,
then the system checks at block 105 whether the processing device was idle,
greater  15 than some specified time before starting the present process;
and if the processing device was not 



significantly idle, the system checks at block 107 whether the process was
changed or altered. If the  process was not changed, a measurement of the
wafer may or may not be implemented according to the  initial sampling plan
at block 116; the wafer is accordingly measured at block 120 or not
measured at  block 118. On the other hand, if the resource was idle for a
sufficiently long time, or if the process has  20 changed, at blocks 109 or
111 respectively, a new measurement is taken. If the wafer was not the
first one on the processing device, then as indicated, at block 113, the
system checks whether a significant change was made to the recipe, such as
by the process control  algorithm or process controller. It is typically
desirable to ensure that even if a significant change was  made, the
specifications are still satisfied. A change to the recipe could include
time, pressures, flow 25 rates, etc., or even a completely different
recipe. If the recipe was significantly changed, then at block  115, the
system calls for a measurement of the wafer. The system also checks whether
a fault 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 WO 02/103778 PCT/US02/19116  9 may check the wafer or series of
wafers for acceptability but does not store the value which might skew
historical results. In the first case, the system is using the historical
value for modeling of the  processing device in order to better predict how
the processing device will behave, or for other  purposes. For example,
where a fault is know to have occurred, the manufacturer will want to find
and 5 correct the cause of the fault, often by changing a process component
or parameter. Thus, the process  data attributed to a wafer that triggered
detection of a fault is not indicative of the "normal" processing  in the
process system. On the other hand, for the fault detection case, the system
merely ensures that  that wafer is a good (e.g., usable) wafer versus a bad
wafer. Unfortunately, usually following a fault  there are several wafers
in a series potentially affected by the fault, and it is desirable to
measure the 10 wafers in the series. Once the wafer(s) are measured
following a fault, if the wafer(s) are bad, it is  desirable to mark the
wafer as questionable and discard the measurement value as well as perhaps
the  wafer itself. 



Similarly, if a wafer is off target despite no change to the recipe, no
detection of a fault, and no  other likely cause of error, there is likely
to be a series of off-target wafers. Consequently, where a 15 wafer with
errors is detected, the next wafer is significantly more likely to also
experience errors. Thus,  at block 119, the system checks whether the
previous wafer was sufficiently far from the target, as  determined by a
previous measurement made in accordance with Figure 1. If so, then at block
121 the  system measures the current wafer as well. Finally, it may be
desirable to measure the wafer according to the initial sampling plan.
Thus,  20 at block 125, the system checks the initial sampling plan to
advantageously determine whether the  current wafer should be measured
according to the initial sampling plan. If not, then the system does  not
measure the wafer. According to one or more embodiments, a modified
sampling plan is used to  measure the wafer under appropriate situations,
such as after a change of type of chip. Similarly, if no conditions
affecting wafer processing are changed, and if the series of wafers  25
have been on target, one would expect the wafers to continue to be on
target. Thus, as indicated at  block 127, if the measurement of the last n
wafers were sufficiently on target, there is no need to  measure the wafer
in this instance or as frequently. In this manner, the number of
measurements can be  reduced and processing 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 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 WO 02/103778 PCT/US02/19116  10
measure fewer points, perhaps a measurement of only one radii. On the other
hand, where there were  previous steps performed by the processing device
on the wafer that were asymmetric, information on  additional measurement
values may need to be captured. The number of desirable measurement points
therefore additionally depends upon the type of process, and upon the step
in the process if applicable. 5 For instance, given a very uniform process,
perhaps only five points on the wafer need to be  measured to provide
sufficient precision. On the other hand, given a very non-uniform process
or much  unresolved information, perhaps twenty-five points should be
measured to achieve a sufficient level of  precision. Typically the factory
automation system, or the software in the factory automation system, is  



10 programmed to determine which process (or processes) or step within a
process is being run on which  processing device. Based on that
information, the system can determine whether few or many points  are
desired for an adequately precise measurement or set of measurements of the
wafer. Consider, for example, a processing device with multiple chambers or
resources independently  processing wafers. In this example, the process
control algorithm describes four recipe changes. The  15 invention
determines which wafers need to be measured (wafer-to-wafer), and any
desired change in number of measurement points due to the dynamic recipe
change (within-wafer). This metrology  strategy consequently enables a
dynamic metrology change based on the die map from the MES or  other
factory automation system. The die map provides a pool of candidate points
corresponding to a wafer to be measured, and  20 the system can select from
among the candidate points, the points that correspond most directly to the
information needed or desired in connection with that wafer. The MES or
other factory automation  system provides information indicating allowable
or relevant possible points that could be measured;  from those candidate
points, one or more embodiments of the present invention contemplate that
the  system selects the minimal set of points that would capture the
desired information. 25 Figures 2A and 2B illustrate a plan view and a
cross section of an example of a typical wafer  201, in this instance
having radial regions 1 through 5. As shown in Fig. 2A, the illustrated
wafer 201  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. WO 02/103778 PCT/US02/19116  11 The flowchart of
Figure 3 discusses an example of within-wafer metrology, that is, when the
system should or should not change the measurement points. Figure 3 thus
contrasts to Figure 1,  indicating whether to measure a current wafers
(wafer-to-wafer dynamic metrology). Figure 3 defines  an example set of
questions to determine whether more points are needed to measure a region
variation  5 within a given wafer. Reference is now made to Figure 3,
illustrating an example of the within-wafer dynamic  metrology, as
contemplated by one or more embodiments of the present invention. At block
301, the  



wafer is measured by the metrology tool utilizing the current sampling
plan. Having measured the  wafer, the system analyzes the current wafer to
determine whether there are significant variations that 10 might warrant
changing the sampling plan for the next wafer. The wafers are potentially
changed from  run to run. That is, the system performs an action, and then
based upon the results of that action, the  system determines whether to
utilize the same sampling plan for the next wafer or to do something
different. At block 303, it is determined whether there is a variation from
the specification within one or  15 more of the regions on the current
wafer. If not, then as indicated by block 305 there is no need to add  more
sampling points. At block 307, if there was a variation in a region, it is
then determined whether the variation  was due to an outlier or flier. An
outlier or flier is a situation in which the measurement point is not an
accurate reflection of the actual value. If there is a speck of dust on the
wafer, for example, this may 20 cause an erroneous thickness measurement;
or for instance the actual measured point may be  significantly distant
from the correct measurement coordinates, resulting in significantly higher
or  lower thickness. An outlier or flier can be determined statistically in
a number of ways based on how  different the measured point is from the
expected measurement. It may be difficult to determine in  some cases
whether the variation is due to a flier or if there is an actual variation.
The data collected 25 could be used to indicate a potentially defective
die. Of course, it should be understood that one or more embodiments of the
present invention  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 the 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. At block 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 WO 02/103778 PCT/US02/19116  12 better characterize the region.
Optionally, the data may be fed back to system controller in order to
change the process in response to this drift condition. According to one or
more embodiments of the inventions, an error in one or more wafers may
initiate some level of error handling and/or alarming. If there is an error
that does not result in a change  



5 to the sampling plan, such as a non-systematic variation, and even if the
system cannot compensate, in  one or more embodiments of the present
invention the system might generate an alarm or trigger performance of
other error handling. If the error exhibits the characteristics of a
systematic effect, such  as wafers out of specification, then an alarm
could be generated. If the error is one wafer that is out of
specification, according to one or more embodiments of the invention, the
system flags that wafer. 10 The flow chart of Figure 3 illustrates one
potential example of within-wafer metrology. Other  types of checks and
decisions are also contemplated and may be used in combination with, and/or
replace, the detailed checks. For example, an additional check could
include whether there is a large  change in the recipe parameter that could
have affected a specific region; if so, a determination can be  made as to
whether the change affected the region to the extent that more information
is desirable; and 15 if so, more metrology points can be added to the
sampling plan. Reference is now made to Figures 4A and 4B, illustrating a
plan view and sectional view,  respectively, of a triangular spiral
sampling plan. This is one example of a specific sampling plan,  showing
specific measurement points 401 in relation to a wafer 201. Other static
sampling plans may  be used. Nevertheless, the illustrated spiral sampling
plan is well adapted to capturing both radial 20 change as well as angular
change. Consider polar coordinates, where R is the radius and theta is the
angle; the triangular spiral sampling plan can capture variations in both
the R direction and the theta  direction. If the system can compensate only
for variations that are radial, it may be desirable to add  measurement
points in the radial direction. Even if a significant angular variation was
detected, one  might not add any measurement points if the variation cannot
be corrected anyway due to the manner of 25 holding and/or spinning the
wafer in the processing device. Still referring to the example sampling
plan illustrated in Figures 4A and 4B, the points 401 are  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. WO 02/103778 PCT/US02/19116
13 Figures 4A and 4B illustrate only one of many potential sampling plans,
in this instance a  particular spiral sampling plan. Other sampling plans
are possible. One advantage of the illustrated  



spiral sampling plan is that it quantifies not only radial but also angular
variation. Another advantage is  that it also measures a weighted region,
that is it measures a selected number of coordinates in 5 approximate
proportion to the wafer surface area that they represent. Closer to the
edge of the wafer,  measurement points are more dense or closer together,
since the radial distance is much further and the  area of the region is
greater in comparison to the width of the region. Moreover, the variation
on the edge typically will be much higher than variation toward the  center
of the wafer. The variation tends to increase proportionately further away
from the center. As a  10 result, the density of the points to be measured
may be advantageously increased as the points move  radially outward.
Furthermore, the present invention optionally optimizes the measuring speed
of the spiral  sampling plan. In performance of metrology, a measurement is
faster if performed radially across the  wafer. According to the spiral
sampling plan contemplated by one or more embodiments of the present 15
invention, the wafer may be rotated approximately 120 degrees subsequent to
a linear measurement,  and then the next measurement is taken at the next
point positioned radially across the wafer; then the  wafer is again
rotated approximately 120 degrees for the next measurement and so forth.
The angle of  rotation can be varied to correspond to the disposition of
points as well as to accommodate the capabilities and/or limitations of the
metrology tool. The wafer may be positioned on a pedestal and  20 rotated
and shifted while the metrology tool performs the measurement of the wafer.
Other sampling plans are also contemplated by one or more embodiments of
the present  invention, including a sampling plan with a large number of
points, such as forty-nine (illustrated in  Figure 5), or a small number of
points, such as five. Other sampling plans with other distributions of
metrology points, such as distributed in concentric circles or star
formations, or other variations may be  25 used in one or more embodiments.
Reference is made to Figure 6, illustrating a possible computerized process
control system  which may be used in connection with one or more
embodiments of the present invention. The system  includes a standard
factory automation system such as an APC 601. The APC 601 provides for
central  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, WO 02/103778
PCT/US02/19116  14 



lithography tools and others. It should be noted that the processing device
may incorporate the  metrology tool in some configurations. While this
invention has been described in conjunction with the specific embodiments
outlined  above, many alternatives, modifications and variations will be
apparent to those skilled in the art. 5 Accordingly, the preferred
embodiments of the invention as set forth are intended to be illustrative
and  not limiting. Various changes may be made without departing from the
spirit and scope of the  invention as defined in the following claims. For
example, it would be possible to use any sampling plan with the invention.
A sampling  plan may include information in addition to that mentioned
above. Further, a sampling plan may 10 combine information from multiple
sampling plans. As another example, although the above discusses  a
pre-determined or static sampling plan, such pre-determined or static
sampling plan includes those  sets of coordinate points measured on the fly
such as just prior to wafer processing. As another example, events or
conditions in addition to, in combination with, and/or replacing  these
discussed above, could be checked as part of the wafer-to-wafer metrology
determination. For  15 example, a metrology tool, a processing device, or
the system itself could indicate a fault. Moreover, it is possible that the
reason for the fault could be indicated, and such information could be
specifically  checked and appropriately handled as well. The system could
check for changes to the recipe in several  different ways, such as
replacement of a recipe, or change in recipe parameters. Similarly, other
events or conditions could be handled as part of the within-wafer 20
determination. For example, there may be one or more regions of any shape
on the wafer. As another  example, points could be omitted from the
sampling plan in appropriate cases. A further example  includes other
events mentioned above in connection with wafer-to-wafer processing. As
another example, the factory automation system may be a general purpose
computer, or a  specially programmed special purpose computer. It may also
be implemented as a distributed computer  25 system rather than as a single
computer; some of the distributed system might include embedded systems.
Further, the programming may be distributed among processing devices and
metrology tools  or other parts of the 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 communicate
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. WO 02/103778 PCT/US02/19116
15  WHAT IS CLAIMED IS: 1. A computer-implemented method of measuring at
least one manufacturing characteristic for at  



least one product manufactured by a manufacturing process, comprising the
steps of: (A) providing information representative of a set of candidate
points to be measured by the  5 manufacturing process on the at least one
product; (B) executing, by the manufacturing process, 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; (C) detecting a change in
the manufacturing process, the change including at least one of.  10
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 (D) adjusting the plan for performing
measurements based on the detected change.  2. The method of claim 1,
further comprising the step of performing at least one additional  15
measurement, responsive to the detected change. 3. The method of claim 1,
wherein the step of adjusting further includes adjusting the  measurements
of the plan wafer-to-wafer and/or adjusting the measurements of the plan
within-wafer.  4. The method of claim 1, wherein the product is a
semi-conductor wafer and the manufacturing  process is an automated
semi-conductor manufacturing process. 20 5. The method of claim 1, wherein
the plan further includes information representative of a  metrology
recipe. 6. The method of claim 1, wherein the candidate points 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. WO
02/103778 PCT/US02/19116  16 10. The method of claim 1, wherein the step of
adjusting includes 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. 11. The method of claim 10,
wherein there is provided a plurality of products including the at least  5
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. 12. The method of claim 1,
further comprising the step of discarding information representative of
measurement results on the at least one product when the measurements
results indicate a variation in  10 measurement of the at least one product
and/or when a fault is detected in the manufacturing process. 13. The
method of claim 7, wherein the sampling plan includes a plurality of
splines radiating from  a center of the at least one product, and/or
wherein the candidate points are distributed along the  splines. 14. The
method of claim 13, wherein a distribution of the candidate points along
the splines is  15 weighted according to a surface area of the at least one
product. 15. The method of claim 7, wherein the sampling plan includes a
plurality of radially distributed  candidate points. 16. A
computer-implemented method of measuring at least one manufacturing
characteristic for at  least one semi-conductor wafer manufactured by an
automated semi-conductor manufacturing 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; (C) 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 (D)
adjusting the plan for performing measurements based on the detected change
and  performing at least one additionally measurement responsive thereto;
WO 02/103778 PCT/US02/19116  17 (E) wherein the step of adjusting includes
determining 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, assigning the
selected at least one  additional measurement, and revising at least one of
the measurements, the additional measurement and  5 the plan; 



(F) wherein the step of adjusting includes determining 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; (G) wherein,
there is provided a plurality of wafers including the at least one wafer,
being  10 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; (H) discarding information
representative of measurement results on the at least one wafer  when the
measurements results indicate a variation in measurement of the at least
one wafer and when a  15 fault is detected in the manufacturing process;
and (I) the sampling plan includes a plurality of splines radiating from a
center of the at least  one wafer, the candidate points being distributed
along the splines; and a distribution of the candidate  points along the
splines is weighted according to a surface area of the at least one wafer.
17. A computer-implemented system of measuring at least one manufacturing
characteristic for at  20 least one manufactured by a manufacturing
process, comprising: (A) stored information representative of a set of
candidate points to be measured by the  manufacturing process on the at
least one product; (B) 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; (C) 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. WO 02/103778 PCT/US02/19116  18 20. The system of claim 17,
wherein the product to be measured is a semi-conductor wafer and the
manufacturing process is an automated semi-conductor manufacturing process,
further comprising at  least one metrology tool for performing measurements
on said semi-conductor wafer, operatively  connected to the processor. 5
21. The system of claim 17, wherein the plan further includes information
representative of a  



metrology recipe. 22. The system of claim 17, wherein the candidate points
are included in a map corresponding to  the at least one product. 23. The
system of claim 17, wherein the plan is a pre-determined sampling plan. 10
24. The system of claim 17, wherein the plan defines at least one region on
the product, each of the  candidate points corresponding to the at least
one region. 25. The system of claim 24, wherein the measurements are
adjusted by determining, in the  processor, 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 15 selected at least one additional
measurement to be performed under the plan, and revising at least one of
the measurements, the additional measurement and the plan. 26. The system
of claim 17, wherein the measurements are adjusted by determining, in the
processor, 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. 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 WO
02/103778 PCT/US02/19116  19 30. The system of claim 29, wherein a
distribution of the candidate points along the splines is  weighted
according to a surface area of the at least one product. 31. The system of
claim 17, wherein the sampling plan includes a plurality of radially
distributed  candidate points. 5 32. A computer-implemented system of
measuring at least one manufacturing characteristic for at  least one
semi-conductor wafer manufactured by an automated semi-conductor
manufacturing process,  comprising: (A) stored 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  



10 corresponding to the at least one wafer; (B) information representative
of a pre-determined sampling plan for 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  15 at
least one region; (C) a processor, detecting a change in the manufacturing
process responsive thereto, 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 wafer; and adjusting, responsive to the 20 detected change,
the plan for performing measurements based on the detected change and
performing at  least one additional measurement responsive thereto; (D)
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; (E) 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
(F) 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 WO 02/103778 PCT/US02/19116  20 (H) wherein the
sampling plan includes a plurality of splines radiating from a center of
the  at least one wafer, the candidate points being distributed along the
splines; and a distribution of the  candidate points along the splines
being weighted according to a surface area of the at least one wafer.  33.
A computer program for measuring at least one manufacturing characteristic
for at least one 5 product manufactured by a manufacturing process, the
computer program stored on a computer- readable medium, comprising: (A)
instructions for providing information representative of a set of candidate
points to be  



measured by the manufacturing process on the at least one product; (B)
instructions for executing, by the manufacturing process, a plan for
performing 10 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; (C) instructions 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 15 detecting a
variation in a measurement of the at least one product; and (D)
instructions for adjusting the plan for performing measurements based on
the detected  change. 34. The program of claim 33, further comprising
instructions, responsive to the detected change,  for performing at least
one additional measurement. 20 35. The program of claim 33, further
comprising instructions for adjusting measurements of the  plan
wafer-to-wafer and/or within-wafer. 36. The 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 WO
02/103778 PCT/US02/19116  21 candidate points corresponding to the
determined region, assigning the selected at least one additional
measurement to be performed under the plan, and revising at least one of
the measurements, the  additional measurement and the plan. 42. The program
of claim 33, wherein adjusting includes determining whether the detected
change  5 may affect a series of products, and if so, determining whether
to measure at least one of the products in  the series of products. 43. The
program of claim 42, 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 



10 representative of the products in the group that are to be measured
under the plan. 44. The program of claim 33, further comprising
instructions for discarding information  representative of measurement
results on the at least one product 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. 15 45. The program of claim 39,
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  splines. 46. The program of claim 45, wherein a
distribution of the candidate points along the splines is  weighted
according to a surface area of the at least one product. 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; WO 02/103778 PCT/US02/19116  22 (C) instructions for detecting a
change in the manufacturing process responsive thereto, 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 wafer; 5 (D) instructions
for adjusting the plan for performing measurements based on the detected
change; (E) wherein adjusting includes determining 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, assigning the selected at least one additional
measurement, and 10 revising at least one of the measurements, the
additional measurement, and the plan; (F) wherein adjusting includes
determining 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;  (G) 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  15 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; (H) instructions for discarding information
representative of measurement results on the at  least one wafer when the
measurements results indicate a variation in measurement of the at least
wafer  and when a fault is detected in the manufacturing process; and 20
(1) wherein the sampling plan includes a plurality of splines radiating
from a center of at  least one wafer, the candidate points being
distributed along the splines; and a distribution of the  candidate points
along the splines is weighted according to a surface area of the at least
one wafer. 49. A computer-implemented system of measuring at least one
manufacturing characteristic 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. WO 02/103778 PCT/US02/19116  23 50. The system of claim 49, further
comprising means for causing at least one additional  measurement
responsive to the detected change. 51. The system of claim 49, wherein the
detecting means further includes adjusting the  measurements of the plan
wafer-to-wafer and/or within-wafer. 5 52. The system of claim 49, wherein
the product to be measured is a semi-conductor wafer and the  manufacturing
process is an automated semi-conductor manufacturing process, further
comprising at  least means for performing measurements on said
semi-conductor wafer. 53. The system of claim 49, wherein the plan further
includes information representative of a  metrology recipe. 10 54. The
system of claim 49, wherein the candidate points are included in a map
corresponding to  



the at least one product. 55. The system of claim 49, wherein the plan is a
pre-determined sampling plan. 56. The system of claim 49, wherein the plan
defines at least one region on the product, each of the  candidate points
corresponding to the at least one region. 15 57. The system of claim 56,
wherein adjusting means adjust the measurements by determining, in  the
processor, 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 additional measurement to be performed under the plan, and
revising  at least one of 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. WO 02/103778 PCT/US02/19116  24 61. The system of claim 55,
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  splines 62. The system of claim 61, wherein a
distribution of the candidate points along the splines is  5 weighted
according to a surface area of the at least one product. 63. The system of
claim 49, wherein the sampling plan includes a plurality of radially
distributed  candidate points. 


