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(57) ABSTRACT 

A system and method for optimizing metrology sampling 
rates in an advanced process control (APC) application. A 
method is provided for processing a run of workpieces, the 
method comprising the steps of: providing a database com 
prising subgroups of data representing characteristics from 
previously processed workpieces; selecting a ?rst subgroup 
of data having characteristics that satisfy a predetermined 
criteria; determining processing conditions for a processing 

BUSINESS tool corresponding to said ?rst subgroup of data; processing 
MACHINES CORPORATION, the run of workpieces with the process tool using the 
Armonk, NY (US) determined processing conditions; and measuring the run of 

workpieces according to a sampling rate determined from 
10/709,319 the ?rst subgroup of data. 
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Identify the best available subgroup of data from a 
historical database that satis?es predetermined 
criteria for a current processing operation. _S_1 

Determining processing conditions for a process tool 
based on the identi?ed subgroup of data. 2 

Processing a run of workpieces on the process tool 
using the determined processing conditions. _S_3_ 

Measuring the run of workpieces according to a 
sampling rate determined from the identi?ed 
subgroup of data. 53 

FIG. 2 
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SYSTEM AND METHOD FOR OPTIMIZING 
METROLOGY SAMPLING IN APC APPLICATIONS 

BACKGROUND OF INVENTION 

[0001] 1. Technical Field 

[0002] The present invention relates generally to 
Advanced Process Control (APC) applications, and more 
speci?cally relates to a system and method for optimizing 
metrology sampling in an APC application. 

[0003] 2. Related Art 

[0004] As the ground rule requirements of semiconductor 
products tighten, the use of Advanced Process Control 
(APC) applications has increased in an effort to meet the 
improved process control needed to achieve these neW 
ground rules. Many APC applications (e.g., critical dimen 
sion, overlay, etc.) utiliZe post process metrology data With 
actual process conditions to provide feedback for neW 
optimiZed process conditions (e.g., dose, overlay correc 
tions, etc.). 
[0005] In many cases the feedback systems utiliZe rules 
that scan historical metrology data looking for the best 
available data to use for parameter optimiZation. Typically, 
these “rules based” systems Will scan the historical data 
multiple times, modifying the inclusion criteria for each 
pass, until an acceptable data set is met. For instance, the 
?rst rule may look for data resulting from lots processed 
With a particular reticle, While a second rule may look for 
data resulting from lots of a certain technology, etc. 

[0006] The data set obtained from the ?rst pass generally 
results in the highest con?dence feedback calculations. 
Calculations based on data sets obtained from additional 
searches typically result in decreasing con?dence, since the 
loWer con?dence data sets typically are forced to include 
data from a broader array of products or tools in order to 
obtain an adequate data set. 

[0007] Post process metrology data is collected on a 
sample of the products run through the process step utiliZing 
the APC system. The siZe of the sample is based on the 
process capability (Cpk) of the product or selected types of 
products run through the process step. In current APC 
applications, a single Cpk value is calculated for a process 
that in practice runs product from high and loW con?dence 
calculations. For instance, a ?rst lot of Wafers may be 
processed according to a ?rst APC process rule, While a 
second lot of Wafers may be processed at a different time 
according to a second APC process rule. Both lots, hoWever, 
Will be sampled for a metrology step according to a single 
Cpk value. 

[0008] In general, the higher the Cpk value, the smaller the 
sampling requirement. Given the costs involved With col 
lecting metrology data, signi?cant savings can be incurred 
With increased metrology skipping. Accordingly, a need 
exists for optimiZing the metrology sampling process in 
APC applications. 

SUMMARY OF INVENTION 

[0009] The present invention addresses the above-men 
tioned problems, as Well as others, by providing a system 
and method for optimiZing metrology sampling for a “prod 
uct lot” by examining the APC process rule used for pro 
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cessing the product lot. In a ?rst aspect, the invention 
provides a method of processing a run of Workpieces, the 
method comprising the steps of: providing a database com 
prising subgroups of data representing characteristics from 
previously processed Workpieces; selecting a ?rst subgroup 
of data having characteristics that satisfy a predetermined 
criteria; determining processing conditions for a processing 
tool corresponding to the ?rst subgroup of data; processing 
the run of Workpieces With the process tool using the 
determined processing conditions; and measuring the run of 
Workpieces according to a sampling rate determined from 
the ?rst subgroup of data. 

[0010] In a second aspect, the invention provides an 
advanced process control (APC) system, comprising: a data 
analysis system that determines a set of conditions for a 
manufacturing process based on a subgroup of data identi 
?ed from a historical database, Wherein the subgroup of data 
is identi?ed according to a selected rule; a tagging system 
that associates a tag containing the selected rule to each 
product lot subjected to the manufacturing process; and a 
sampling optimiZation system that examines the tag for each 
product lot processed, and determines a metrology sampling 
rate based on the selected rule. 

[0011] In a third aspect, the invention provides a method 
for optimiZing metrology sampling rates in an advanced 
process control (APC) application, comprising: calculating 
capability ratios (Cpk’s) for a product processed by each of 
a plurality of rules Within a single APC process, Wherein 
each Cpk calculation is based on an associated rule; calcu 
lating sampling rates for each calculated Cpk; processing a 
run of the product using a selected rule; tagging the run of 
the product after processing With the selected rule; and 
determining a metrology sampling rate for the run based on 
the selected rule. 

[0012] In a fourth aspect, the invention provides a pro 
gram product stored on a recordable medium for optimiZing 
an advanced process control (APC) system, comprising: 
means for determining a set of conditions for a manufac 
turing process based on a subgroup of data identi?ed from 
a historical database, Wherein the subgroup of data is iden 
ti?ed according to a selected rule; means for associating the 
determined set of conditions to a product lot subjected to the 
manufacturing process; and means for examining the asso 
ciated determined set of conditions for the product lot to 
determine a metrology sampling rate. 

BRIEF DESCRIPTION OF DRAWINGS 

[0013] These and other features of this invention Will be 
more readily understood from the folloWing detailed 
description of the various aspects of the invention taken in 
conjunction With the accompanying draWings in Which: 

[0014] FIG. 1 depicts an advanced process control (APC) 
system in accordance With the present invention. 

[0015] FIG. 2 depicts a How chart of a method of deter 
mining sampling rates for measuring processed Workpieces 
in accordance With the present invention. 

DETAILED DESCRIPTION 

[0016] Referring noW to the draWings, FIG. 1 depicts an 
APC system 10 that includes features for selecting an 
optimiZed metrology sampling rate. APC system 10 includes 
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a process 14 that processes a “product lot”12 into a “pro 
cessed lot”22. For the purposes of this description, the terms 
“product lot,”“product run,”“run of workpieces, etc., are 
used interchangeably to describe a set of Workpieces sub 
jected to a manufacturing process. Process 14 may include 
any manufacturing process that operates on one or more 
Workpieces contained in product lot 12. Common processing 
examples include, but are not limited to, semiconductor 
processing stepper operations, such as those used in lithog 
raphy. Process 14 is implemented using “set points”16 that 
Were determined based on a selected rule 11 determined by 
data analysis system 18. Set points 16 may be de?ned as any 
operational settings or conditions utiliZed by process 14. For 
example, set points 16 may include dosage settings in a 
semiconductor processing step. Set points 16 are determined 
based on feedback data 20 that Was obtained from previous 
processing operations in any manner knoWn in the art. 

[0017] Data analysis system 18 includes a plurality of 
rules 19 (e.g., rule 1, rule 2, . . . rule n) that can be applied 
to feedback data 20 to “?lter” the data. Each of the rules 19 
provides search criteria for examining historical feedback 
data 20. Typically, the rules are ordered from best to Worst 
such that ?rst rule provides the highest level of con?dence; 
the second rule provides the second highest level of con? 
dence, etc. For instance, rule 1 may search for previous 
processing results in Which the same mask Was used as in the 
current process 14, rule 2 may search for previous process 
ing results in Which the same level and technology Was used, 
and rule n may search for any previous processing results 
that operated on the same level. Data analysis system 18 
selects the best rule that returns an adequate number of 
results (or samples). Based on the selected rule 11, set points 
16 are determined for process 14. 

[0018] After product lot 12 is processed With the deter 
mined set points 16, the processed lot is “tagged” by tagging 
system 15 With a tag 17 that dictates Which rule 11 Was used 
to process the lot. As is typical in most APC applications, a 
measuring or metrology step 30 is implemented on a sam 
pling of the processed lot 22 for, among other reasons, 
quality control. As noted above, smaller sample rates are 
desired to reduce costs, and sample rates are inversely 
proportional to the con?dence level of the rule used, i.e., the 
higher the con?dence level, the smaller the sample. After 
samplings of the processed lot 22 are subjected to the 
metrology step 30, the results are fed back and stored as 
feedback data 20 for later use. 

[0019] In order to achieve smaller samples, sampling 
optimiZation system 24 includes a Cpk calculation system 
26 that predetermines a Cpk value, i.e., process capability 
ratio, for each processed lot 22 based on information con 
tained in tag 17. In an exemplary embodiment, the Cpk value 
is determined based on the selected rule 11, Which is stored 
in tag 17. HoWever, it should be understood that tag 17 could 
include any information that re?ects the subgroup of data 
identi?ed from feedback data to provide set points 16. 
Moreover, tag 17 could simply include a Cpk value or 
sampling rate determined based on the subgroup of data, 
e.g., a process tool, a process, a technology, a part number, 
level, mask, operation, etc. Furthermore, it should be under 
stood that tag 17 could be implemented in any manner, e.g., 
With a physical label, using a tracking system, using a 
database of identi?ers associated With each processed lot, 
etc. 
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[0020] Cpk values can be calculated in any manner so long 
as they are based on the identi?ed subgroup of data (i.e., the 
selected rule or processing conditions). Formulas for calcu 
lating Cpk are Well knoWn in the art, and are therefore not 
described here in detail. Cpk values can be predetermined 
and stored in a look-up table, or calculated dynamically. 
Based on the determined Cpk value, a sampling rate for the 
processed lot 22 is determined by sample selector 28. For 
instance, as shoWn, if rule 1 Was used to determine set points 
16 for process 14, a rule 1 Cpk value Would be used, Which 
Would dictate a sampling rate of 1/p; if rule 2 Was used, a 
rule 2 Cpk value Would be used, Which Would dictate a 
sampling rate of l/q, etc. Thus, in the case Where multiple 
lots of similar products are processed at different times, each 
processed lot 22 can be sampled at a rate commensurate With 
the rule used for processing. Therefore, in accordance With 
this invention, multiple lots may have different sample rates 
based upon the APC rule. 

[0021] In addition, APC system 10 may include a rule 
ordering system 32. As noted above, data analysis system 
includes a set of rules 19 that are ordered from best to Worst. 
Often, hoWever, the ordering is not alWays accurate, e.g., 
rule 5 may provide a better performance than rule 4, etc. To 
address this, rule ordering system 19 provides an automated 
mechanism for ordering the rules from best to Worst. In one 
embodiment, rule ordering system analyZes historic Cpk 
values of lots processed from each rule to order rule selec 
tions from highest to loWest capability. For instance, if the 
historic Cpk values for rule 5 Were higher than the historic 
Cpk values of rule 4, rule ordering system 19 Would sWitch 
the order. In a second embodiment, process capabilities for 
each rule could be evaluated in real-time rule using metrol 
ogy data and modeled data to reorder the rules. 

[0022] FIG. 2 depicts a How diagram of a generaliZed 
method of implementing the present invention. In the ?rst 
step S1, the best available subgroup of data is identi?ed from 
a historical database that satis?es predetermined criteria for 
a current processing operation. In the example provided 
above, this process is achieved With a rules based system 
that identi?es the highest con?dence rule for Which there is 
an adequate sampling of historical data. HoWever, it should 
be understood that any methodology for identifying an 
appropriate subgroup of data from a historical database 
could be used. At the next step S2, processing conditions for 
a process tool are determined based on the identi?ed sub 
group of data. As noted above, processing conditions may 
include set points, tool set up, technology, parts, etc. At step 
S3, a run of Workpieces is processed on the process tool 
using the determined processing conditions. Finally, at step 
S4, the run of Workpieces are measured according to a 
sampling rate determined from the identi?ed subgroup of 
data. Namely, parameters from the subgroup of data, e.g., 
conditions and set points, can be used to calculate a sam 
pling rate. 

[0023] It is understood that the systems, functions, mecha 
nisms, methods, engines and modules described herein can 
be implemented in hardWare, softWare, or a combination of 
hardWare and softWare. They may be implemented by any 
type of computer system or other apparatus adapted for 
carrying out the methods described herein. A typical com 
bination of hardWare and softWare could be a general 
purpose computer system With a computer program that, 
When loaded and executed, controls the computer system 
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such that it carries out the methods described herein. Alter 
natively, a speci?c use computer, containing specialized 
hardware for carrying out one or more of the functional tasks 
of the invention could be utiliZed. The present invention can 
also be embedded in a computer program product, Which 
comprises all the features enabling the implementation of 
the methods and functions described herein, and Which— 
When loaded in a computer system—is able to carry out 
these methods and functions. Computer program, softWare 
program, program, program product, or softWare, in the 
present conteXt mean any expression, in any language, code 
or notation, of a set of instructions intended to cause a 
system having an information processing capability to per 
form a particular function either directly or after either or 
both of the folloWing: (a) conversion to another language, 
code or notation; and/or (b) reproduction in a different 
material form. 

[0024] The foregoing description of the invention has been 
presented for purposes of illustration and description. It is 
not intended to be exhaustive or to limit the invention to the 
precise form disclosed, and obviously, many modi?cations 
and variations are possible. Such modi?cations and varia 
tions that may be apparent to a person skilled in the art are 
intended to be included Within the scope of this invention as 
de?ned by the accompanying claims. 

1. A method of processing a run of Workpieces, the 
method comprising the steps of: 

providing a database comprising subgroups of data rep 
resenting characteristics from previously processed 
Workpieces; 

selecting a ?rst subgroup of data having characteristics 
that satisfy a predetermined criteria, Wherein the select 
ing step includes: 

applying a set of rules to the database such that each 
rule generates a unique subgroup of data, Wherein 
the rules are ordered according to a con?dence level, 
and 

determining a subgroup of data of at least a minimum 
siZe that yields a highest con?dence level among all 
of the rules; 

determining processing conditions for a processing tool 
corresponding to the ?rst subgroup of data; 

processing the run of Workpieces With the process tool 
using the determined processing conditions; and 

measuring the run of Workpieces according to a sampling 
rate determined from the ?rst subgroup of data. 

2. The method of claim 1, Wherein the characteristics 
include characteristics of the Workpiece. 

3. The method of claim 1, Wherein the characteristics 
include characteristics of the process tool. 

4. (canceled) 
5. The method of claim 1, Wherein the sampling rate is 

determined from a capability ratio calculated based on the 
rule used to generate the ?rst subgroup of data. 

6. The method of claim 5, Wherein, after processing, the 
run of Workpieces is tagged With the rule used to generate 
the ?rst subgroup of data. 

7. The method of claim 1, Wherein the run of Workpieces 
comprises a lot of semiconductor parts and the measuring 
step comprises a metrology process. 
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8. An advanced process control (APC) system, compris 
ing: 

a data analysis system that determines a set of conditions 
to be applied to a manufacturing process based on a 
subgroup of data identi?ed from a historical database, 
Wherein the subgroup of data is identi?ed according to 
a selected rule, Wherein the selected rule generates the 
subgroup of data of at least a minimum siZe that 
provides a highest possible con?dence level for each of 
a set of rules; 

a tagging system that associates a tag containing the 
selected rule to each product lot subjected to the 
manufacturing process; and 

a sampling optimiZation system that eXamines the tag for 
each product lot processed and determines a metrology 
sampling rate based on the selected rule. 

9. (canceled) 
10. The APC system of claim 8, further comprising a rule 

ordering system that orders the set of rules based on historic 
capability data for product lots processed With each rule. 

11. The APC system of claim 8, further comprising a rule 
ordering system that orders the set of rules in real time by 
evaluating capability data for each rule using metrology 
data. 

12. The APC system of claim 8, Wherein the sampling rate 
is determined from a capability ratio Cpk calculated based 
on the selected rule. 

13. The APC system of claim 12, Wherein the Cpk is 
further calculated based on factors selected from the group 
consisting of: a process tool, a process, technology, part 
number, level, mask and operation. 

14. A method for optimiZing metrology sampling rates in 
an advanced process control (APC) application, comprising: 

calculating capability ratios (Cpk) for a product processed 
by each of a plurality of rules Within a single APC 
process, Wherein each Cpk calculation is based on an 
associated rule; 

calculating sampling rates for each calculated Cpk; 

processing a run of the product using a selected rule; 

tagging the run of the product after processing With the 
selected rule; and 

determining a metrology sampling rate for the run based 
on the selected rule. 

15. The method of claim 14, comprising the further steps 
of: 

processing a second run of the product using a second 
selected rule; 

tagging the second run of the product after processing 
With the second selected rule; and 

determining a metrology sampling rate for the second run 
based on the second selected rule. 

16. The method of claim 14, Wherein the selected rule is 
selected from a set of ordered rules that identify subgroups 
of data from a historical database. 
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17. The method of claim 16, wherein the selected rule 
generates a subgroup of at least a minimum siZe that yields 
a highest possible con?dence level. 

18. The method of claim 16, comprising the further step 
of reordering the set of rules based on historic capability data 
for product processed With each rule. 

19. The method of claim 16, comprising the further step 
of reordering the set of rules in real time by evaluating 
capability data for each rule using metrology data. 

20. The method of claim 14, Wherein the Cpk is further 
calculated based on factors selected from the group consist 
ing of: a process tool, a process, technology, part number, 
level, mask and operation. 

21. Aprogram product stored on a recordable medium for 
optimiZing an advanced process control (APC) system, 
comprising: 

means for determining a set of conditions to be applied to 
a manufacturing process based on a subgroup of data 
identi?ed from a historical database, Wherein the sub 
group of data is identi?ed according to a selected rule, 
Wherein the selected rule generates the subgroup of 
data of at least a minimum siZe that yields a highest 
possible con?dence level for each of a set of rules; 
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means for associating the determined set of conditions to 
a product lot subjected to the manufacturing process; 
and 

means for examining the associated determined set of 
conditions for the product lot to determine a metrology 
sampling rate. 

22. The program product of claim 21, Wherein the asso 
ciating means includes tagging the selected rule to the 
product lot. 

23. (canceled) 
24. The program product of claim 21, further comprising 

means for ordering the set of rules based on historic capa 
bility data for product lots processed With each rule. 

25. The program product of claim 21, further comprising 
means for ordering the set of rules in real time by evaluating 
capability data for each rule using metrology data. 

26. The program product of claim 21, Wherein the sam 
pling rate is determined from a capability ratio Cpk calcu 
lated based on the selected rule. 


