USER | NTERFACE FOR QUANTI FYI NG WAFER NON- UNI FORM Tl ES AND GRAPHI CALLY
EXPLORE S| GNI FI CANCE BACKGROUND OF THE I NVENTION 1. Field of the Invention
The present invention relates generally to post-process wafer eval uation.
More specifically, the present inventiomrelates to a systemfor enabling
graphi cal presentation and control of a post-process wafer evaluation. 2.
Descri ption of the Rel at ed Art Sem conduct or wafers undergo nunmerous
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I dentified and potentially correlated to any post-process error or

nonuni form.ty di scovered when the wafer is exam ned. Prior art approaches
to descri bing post-process nonuniformties include subjective, verbal
descriptions such as "center-fast” for annul ar nonuni fonnity or

"l eft-side-slow' for azinuthal nonunifonfity. Center-fast is generally
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2. Description of the Related Art

Semiconductor wafers undergo numerous processes during the semiconductor
manufacturing process. Layers may be added, patterned, etched, removed, and polished; amoﬁg
others. After each process the wafer is typically examined to confirm the previous process was
completed with an acceptable level of post-process error or nonuniformity. The various
operating variables.(e.g., event timing, gas pressure, concentrations, temperatures, etc...) of each
process performed on the wafer are recorded so that any changes in any variable may be quickly

| identified and potentially correlated to any post-process error or nonuniformity discovered when
the wafer is examined. '
Prior art approaches to describing post-process nonuniformities include subjéctivé, verbal
descriptions such as “center-fast” for annular nonuniformity or “left-side-slow” for azimuthal
nonuniformity. Center-fast is generally descriptive of a post-process wafer condition where
more material has been removed from a center region on the wafer than from a surrounding

- region on the wafer. However, center-fast does not provide a specific, objective, and
quantitative description of the nonuniformity. Similarly, left-side-slow is generally descriptive
of a post-process wafer condition where less material has been removed from a left side region
‘on the wafer than from a remaining region on the wafer. As with the center-fast description, the
left-side-slow description fails to provide a specific, objective, and quantitative description of

the nonuniformity.



2 Descriptions of post-process nonuniformties are used to provide
feedback to correct errors and inconsistencies in the precedi ng wafer
processes. Descriptions of post-process nonuniforrnities can al so be used
to track the inpact of the nonunifonnjties on subsequent sem conduct or
manuf acturing processes and on netri c& from conpl et ed sem conduct or devi ces
(e.g., device yields, performance paraneters, etc...). As
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I n anot her enbodi nent, a graphical user interface for analyzing data used
to generate a wafer map i s disclosed. The wafer map identifies a uniformty
profile of a surface that hSEMMARYOFEHME INVENKEN i nt er f ace incl udes
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region is for the sub-popul ation data. The ‘user interface drsp rics
for thef the wafer for analysis, performing analysis on the selected regions of the wafer, and

displaying results of the analysis.

In one embodiment, a graphical user interface for controlling analysis of a wafer map is
disclosed. The user interface provides a 'graphicai selection control for selecting a negioh of the
wafer map for statistical analysis. The user interface ié configured to generate statistical data
for the selected region to complete the statistical analysis. The statistical data is then displayed

~ for the selected region. Re—generaﬁon of the statistical data for display is performed upon |
detecting a change in the selected region.

In another embodiment, a graphical user interface for analyzing data used to generate a
wafer map is disclosed. The wafer map identifies a uniformity profile of a surface that has been
etched. The user interface includes spatial distribution options for selecting sub-population data
associated with the uniformity profile of the surface. The sub-population data is a targeted
region of the wafer that is less than the entire wafer surface. The interface enables graphical
selection of a particular spatial distribution option, and enables graphical identification of a

region. The region is for the sub-population data. The user interface displays metrics for the



3 region, and the nmetrics are automatically updated upon detecting a change
I n the graphical identification of the region. I n one enbodi nent, a
graphi cal user interface for analyzing wafer neasurenent data is disclosed.
The graphi cal user interface provides controls for selecting a first set of
waf er measurenment data and a second-set of wafer neasurenent data. The
graphi cal user interface also provides a control for performng a
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In another e_:mbodime_nt, a -graphical user inte:facc for performing a profile analysis is
disclosed. The graphical user interface includes displaying an electronic microscope image.
Controls for adjusting the electronic microscope image are provided. Also, the graphical user
interface provides a graphical measurement control.

~ Other aspects and advantages of the invention will become more apparent from the

following detailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention, together with further advantages thereof, may best be understood by
reference to the following description taken in conjunction with the accompanying drawings in
which:

Figure 1 is an illustration showing a graphical user interface (GUI) of a wafer viewer
system, in accordance with one embodiment of the present invention; |

Figure 2 is an illustration showing an isolated view of the wafer display area, in

accordance with one embodiment of the present invention;



Figure 2 is an illustration showi ng an isol ated view of the wafer display
area, in accordance with one enbodi nent of the present invention; 4

Figure 3 is an illustration showing an isolated view of the wafer data
area, in accordance wi th one enbodi rent of the present invention;
Figure 4 is an illustration showing'the GU when the cross-section analysis

option is selected, in accordance with one enbodi nent of the present
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the histogramarea, in accordance with one enbodi nent of the present.

i nvent i on; Figure 4 isjagdHestration shawing thet GHI iwhenghe wiasg-seeteonGapalydie nptidee is
i n accordance wi th one enbodi nent
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- accordance with one embodiment of the present invention; -

Figure 6 is an illustration showing an isolated view of the histogram area, in accordance |
with onie embodiiment of the present invention;

Figure 7 is an illustration showing the GUI when the distribution analysis optidn is
selected, in accordanc_e '{Nith one embodim_eht of the present invention; | ,
-Figure 8 is an illustration showing an isolafed view of the radial/angular distribution

_ area, in accordance with one embodiment of the present invention; i

Figure 9 is an illustration showing the GUI when the XSEM/profile analysis option is
selected, in accordance with one embodiment of the présent invention;

| Figure 10 is an illustration showing an isolated view of the XSEM/profile area, in
accordance with one embodiment of the present invention;

Figure 11 is an illustration showing the GUI when a series analysis option is selected, in
accordance with bnc embddiment of the present invention; |

| Figuré 12 is an illustration showing an isolated view of the series plot area, in
accordance with one embodiment of the present invention;

Figure 13 is an illustration showing an isolated view of the spatial statistics area, in
-accordance with one embodiment of the present invention;

Figure 14 is an illustration shbwing an isolated view of the spatial statistics area with a
side-to-side spatial distribution selection, in accordance with one embodiment of the présent
invention; and _

Figure 15 is an illustration showing an isolated view of the spatial statistics area with an

annular spatial distribution selection, in accordance with one embodiment of the present

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Broadly speaking, an invention is disclosed for a wafer viewer system for graphical

presentation and analysis of a wafer. More specifically, the wafer viewer system includes a



Figure 9 is an illustration show ng the GU when the XSEM profil e anal ysis
option is selected, in accordance with one enbodi nent of the present

i nvention; Figure 10 is an illustration showing an isolated view of
the XSEM profile area, in accordancg with one enbodi ment of the present
I nvention; : Figure 11 is an illustration showing the GU when a series

anal ysis option is selected, in accordance with one enbodi nent of the
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_ Figure 1 is an illustration showing a graphical user interface (GUI) 10 of a wafer viewer

systém, in accordance with one embodiment of the present invention. The GUI 10 includes a
menu bar 101 having a number of user-activatable icons which can be acﬁvated to perform a
number of tasks. _ i |
' A clear wafcrs/XSEM icon 103 is provided to 'allow:a user to either clear a wafer or an
XSEM/TEM image that is currently loaded in the wafer viewer. The clear wafers/XSEM icon
103 offers a drop-down menu for presenting the ciear wafer and clear XSEMITEM options. |
.A load data/XSEM icon 105 is provided to allow a user to load data for either a Wafer
A, a Wafer B, or an XSEM/TEM image. The load data/XSEM icon 105 offers a drop-down
menu for presenting the Wafer A, the Wafer B, or the XSEM/TEM image options for loading
data. In one embodiment, the wafer viewer is capable of reading oiitput files from metrology
tools without intermediate processing. In this embodiment, the wafer viewer recognizes file
formats by an associated file extension. For example, output files from metrology tools such as
Hitachi CD SEM, KLA-Tencor CD SEM, Optiprobe ellipsometer, Rudolph ellipsometer, F5x
KILA-Tencor (ellipsomet.rj and scatterometry formats), and NOVA scatterometer are
recognizable by the wafer viewer. Also, the wafer viewer is capable of loading a user defined
file. In addition to loading data for individual wafers and XSEM/TEM images, the wafer viewer
also supports loading files containing data for either individual or muitiple wafers having
multiple layers or measurements for a given wafer. | |
A save data icon 107 is provided to allow a user to save numerical data corresponding to
‘a currently displayed wafer. In one embodiment, the save data icon 107 offers a drop—ddwn
menu for presenting options for saving either wafer data, diameter data, or optical profile data.
A print icon 109 is provided to allow a user to print a wafer report. In one embodiment, -

the wafer report includes a header (containing wafer names, date, number of sites, etc...), a set



5 graphical user interface for displaying a wafer, graphically selecting
regions of the wafer for analysis, performng analysis on the selected
regions of the wafer, and displaying results of the analysis. In the
foll owi ng description, numerous spegcific details are set forth in order to
provi de a thorough understanding of the present invention. It wll be
apparent, however, to one skilled in the art that the present invention my
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wafer report includes a header (containing wafer nanes, date, nunber of
si t e§omgieats. In ong emppdiment, the number of wafers'in the wafer collection can have differing
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patterns’ of sites. However, in this embodiment, a first wafer in the wafer collection will
determine a master site pattern for the entire wafer collection. In following, the remaining
wafers in the wafer collection will have their data interpolated to match the master site pattern.
For example, if a wafer with a deleted site is added to a wafer collection, a data value is
interpolated for the deleted site. Additionally, this embodiment avoids problems associated with
an analysis of a wafer collection that includes wafers having different edge exclusion areas -
and/or measurement data from different metrology tools (i.e., have a different measurement site
pattern).

In one embodiment, the wafer collection management icon 115 offers a drop-down
menu for presenting a number of wafer collection management options. Options are included
for adding a wafer to a collection, deleting a wafer from a collection, making a collection from a
wafer lot, making a collection from all wafer lot properties, inserting a wafer in a coliection, and

saving changes to a wafer collection. The option for making a collection from a wafer lot allows



of wafer statistics (nean, 3-signma, range, maximum mninun), a wafer map
currently displayed by the wafer viewer, a set of cross-section statistics
(mean, 3-sigma, range, nmaxi num mninmun), and a cross-section graph
currently displayed by the wafer vigwer. A copy to clipboard icon 111
I's provided to allow a user to copy’information to a virtual clipboard for
transfer to other applications. In one enbodi nent, the copy to clipboard.
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121, an XSEM/profile icon 123, a histogram icon 125, and a wafer spreadsheet icon 127. These
additional user-activatable icons will be discussed below in connection with their corresponding

wafer viewer system feature. |

The GUI 10 further includes a first wafer identification and selection ﬁéld 137 and a
-second wafer identification and selection field 139. Each of the first and second wafer
identification and selection fields, 137 and 139, displays a name corresponding to a wafer data

set currently loaded for a Wafer A and a Wafer B, respectively. Additionally, each of the first



A help icon 129 is provided to allow a user to obtain assistance with
operation of the GQJ 10. In one enbodi nent, the help icon 129 offers a
drop-down nenu for presenting options to either obtain general help or
obtain help with file input formats An email technical support icon
131 is provided to allow a user to €end an email to a designated GU 10
techni cal support email address. Activation of the email technical support
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enbodi nent, registration_of the wafer viewer systemis used as a_security
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139. Each of the first and second w identification and selection _
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cach TroPmed B its Waler Jait Wi st o e hsplis RRRD Feld P L e ehesrdr B
137 % 33&s aoalfc@r-&)vﬂl ﬁfeﬂﬁ‘f@?‘ﬂﬂo%@' tHeOhiser to select either a number, a mean, or a

minimum operand option. Selection of the number operand option allows the user to enter a

number in the operand field 145 to be used as an operand. Selection of the mean operand option
will cause the mean value of the wafer data selected in the disblay control field 141 to be used

~ as the operand. Selection of the minimum operand option will cause the minimﬁm value of the
wafer data selected in the display control field 141 to be used as the operand. The mathematical -
operation indicated in the operator field 143 (i.e., X, +, -, /, or ) will be performed on the wafer
data selected in the display control field 141 using the operand entered in the operand field 145. -
Data resulting from the mathematical operation will be used by the wafer viewer system for
display and analysis. In the case where the rotate option is selected in the operator field 143, the
operand entered in the operand field 145 will be used as a number of degrees of rotation for
display of the wafer data currently selected.

The GUI 10 further includes a units field 147 to allow the user to select a unit of
measure to be associated with the wafer data currently displayed and analyzed by the wafer
viewer system. In one embodiment, available units of measure include Angstrom, nanometer,
kiloAngstrom, micrometer, Celsius, Angstrom/minute, nanometer/minute,
kiloAngstrom/minute, micrometer/minute, and none. The units field 147 offers a drop-down

menu for presenting the various unit of measure options available for selection.



sel ecting an avail able wafer data set to be | oaded for the Wafer A and the
Waf er B, respectively. The GUI 10 further includes a display control

field 141 to allow the user to select a wafer data set to be displayed and
anal yzed by the wafer viewer system |In one enbodinent, the display control
field 141 offers a drop-down nmenu fr presenting options of different wafer
data sets to be selected for display and anal ysis. For exanple, the
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wafers. The edge field 161 provides a size of an edge exclusion zone of the

currently displayed and anal yzed wafer or wafers. The size field 163

provi des a dianeter size of the currently displayed and anal yzed wafer or
waf ers. The GQUI 10 further includes a wafer information area 165. In
one enbodi nent, the wafer information area 165 includes a wafer identifier
fleld 167, a date fleld 169 a reC|pe fleld 171, and a connent fleld 173

Y N Y ) P — 1 o o __,_‘.:.:: S - .



10 The GQUI 10 further includes a wafer display area 201 and a spati al
statistics area 301. A renmaining portion of the GUJI is used to display
features associated with a currently selected anal ysis node. For exanple,
in Figure 1, the currently sel ectedjgnal ysis node is spreadsheet. :
Therefore, the remaining portion of the GU is used to display a wafer data
area 401 associated with the spreadsheet analysis node. The wafer data area
401 and. ot ke GUIAI( fubther RRAIES b walQARs IS £Eh LONSn@RY Bl rgs
will be described in nore detail bel nglﬁﬁ Fi I(\}jur ep%%ﬁg an ‘Teﬁd?‘%%?é%t‘?on
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A wafer view select field 231 is provided within the wafer display area 201. The wafer
view select field 231 offers a drop-down menu for presenting wafer display options. In one
embodiment, the wafer display options include color contour, color gradient, monochrome, 1-
sigma, and sites value. The color contour -option divides the color scale 229 into a discrete
number of steps. In one embodiment, the color contour option divides the color scale into 9

discrete steps. The color contour option is useful for showing wafer regions with similar values.



A point density select field 233 is provided within the wafer display area
201. The point density select field 233 offers a drop-down nenu for
presenting point density options for use in defining an interpolation grid.
I n one enbodi nent, the point density options include | ow (50 point by 50
poi nt interpolation grid), nornmnal 6’00'point by 100 point interpolation
grid, and high (200 point by 200 point interpolation grid). For exanple,
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use in calculating the interpolated data values for display in accordance with the selected
interpolation grid. In one embodiment, the interpolation options include soft, normal, and harsh.
The interpolation is based on an inverse distance algorithm which generates a weight function
that is proportional to (1/1"), where r is the distance between a data measurement site location
'219 and a location to be interpolated and n is an adjustable parameter with an optimum value

between 2 and 4. A higher n value is better for fewer data measurement site locations. .

Conversely, a lower n value is better for more data measurement locations. The soft option sets



A scale |limts area 251 is provided within the wafer display area 201. The
scale limts area 251 includes a scale limts activation selection 253 and
a drop-down nenu 259 offering options for establishing an upper and a | ower
scale limt. The drop-down nenu 2594 ncl udes a user supplied option, a
per cent age of nean option, and a 3-sSignma option. Selection of the user.
supplied option enabl es an upper scale limt to be entered in an upper
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is provided to allow navigation through the spreadsheet display. Al so, an
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addi ﬁgld%b,sji hgﬁzcﬁﬁelileiﬁé Bﬁgeﬁpc?d 271a, and a vertical die offset field 271b. The horizontal

die size field 269a and the vertical die size field 269b allow the user to provide dimensions of a




14 allows the user to nmanually enter data for a new data neasurenent site
I n the spreadsheet display. If the allow adding new sites selection 405 is
not activated, the user is not able to enter or change data in the

spreadsheet display. Thus, the spreepsheet anal ysis option allows the user
to edit data of an existing wafer or enter data for a new wafer. The
waf er data area 401 al so includes a wafer size select field 403 offering a

drop-do for - tj | z&e opt. | e
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501 and a hi sto0 {ag‘iaéﬁg 601. Figure 5 is an illustration show ng an

i sol a?féﬂlfﬂ?ﬂg%/dﬁgaﬁ’ walcgdatdsect i on area 501, in accordance with one

embodi Ment 18 walt: B3P Bieal AMAHRR incHies GHOSANIRCLIRD MIE3004m HhydeS @

Cross-section e cross-section di'splay 523 displays a
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ar st atgg eG{Ii olr(r)1 thgmvr\gf aerrld %grqfrglrs'associatcd with -‘e_ach of the analysis mode options. are ..
described below with respect to Figures 3 through 13.

In Figure 2, the analysis select field 237 indicates that the spreadsheet-analysis option is
selectéd. Referring back to Figm'e‘ 1, the wafer dafa aréa 401 is displayed upon selection of the
spreadsheet analysis option. In addition to using the analysis select field 237, the spreadsheet
analysis option can élso be selected by activating the wafer spreadsheet icon 127 in the menu
bar 101. | | |

Figure 3 is an illustration showing an isolated view of the wafer data area 401, in

~ accordance with one embodiment of the present invention. The wafer data area 401 includes a
spreadsheet display. The spreadsheet display includes a sit¢ column 407 for entering and/or

* displaying a number of a data measurement site. An x-column 409 and a y-column 411 are
included for entering and/or displaying x and y cartesian coordinates, respectively, of the
corresponding data measurement site. A z-column 413 is included for entering and/or .
displaying a wafer thickness corresponding to the data measurement site. Data is entered and/or
displayed for each data measurement site on a separate row. The user can select a header of
either the site column 407, the x-column 409, the y-column 411, or the z-column 413 to éort the

- data in the spreadsheet display by the data in the respective cblumn. Successive selections of a
particular header will toggle the sort between ascending and descending order. A vertical scroli

control is provided to allow navigation through the spreadsheet display. Also, an allow adding

new sites selection 405 is provided. Activation of the allow adding new sites selection 405



The set of cross-section controls are provided to allow the user to sel ect
t he exact cross-section to be displayed in the cross-section display 523.
The set of cross-section controls include an angle select graphical -control
515, an angle value field 517, a cqlor selection 519, and a scale limts
synchroni zation sel ection 521. The angle sel ect graphical control 515 and
the angle value field 517 can be used by the user to select the exact
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i nclude either the data val ues correspondl ng to the data neasurenent sites

or tmﬂmmmu@mm@rﬁaMmgm wafdsgentat.er pol ati on, where the
i nterpol a i def i ned

Xth‘? oi nt it se ect flel 233 and t he

|t o pol aPoet s sepaem bonsebls B providelip aowihe Seritp seleet B pBHFGHOM ng
the @éhoﬂ%v‘ﬁ@%stpﬁ%reﬁ' il fHeb&bbél&cﬁBﬂl &‘1§f>l§y CH%B' é SetS6t ‘éﬁk?‘é’ecdo’ﬁ dance
wi t h one enbodi nent” of the present | nvention. e distribution ana yS| S

opt i mehelarmnbangle sdettegtaphitad cemtrbbﬁlﬁhzm am@bymlme ﬁeildei]ﬂ fai @llar s2B:Ction ke

azi nmut aI/raﬂl al distribution_icon 121, Upon selection of the distribution
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701. ang}cﬁ value field 517 can be used by the user to select the exact cross-section to be analyzed.
The user can select and drag a cross-section control line 525 to obtain a desired cross-section
for analysis. The cross-section control line 525 is defined to pivot about a center of the
graphical control 515. Alternatively, the user can directly enter an angle in the angle value field
517 to obtain a desired cross-section for analysis. If the angle select graphical control 515 is

used, the comesponding angle is displayed in the angle value field 517. If an angle value is



Figure 8 is an illustration showi ng an isolated view of the radial/angul ar
distribution area 701, in accordance with one enbodi nent of the present

i nvention. The radial/angular distribution area 701 includes a radi al

di stribution display 739, an angul 3 di stribution display 741, a set of

radi al and angul ar distribution di spﬁ ay controls, .a radial distribution
statistics area 703, and an angul ar distribution statistics area 715.
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Figure 10 is an illustration show ng an isolated view of the XSEM profile
area 801, in accordance with one enbodi nent of the present invention. An
XSEM profile display area 803 is provided within the XSEM profile area 801.
The user can open an XSEM or profi ll% picture 18 by using either the | oad
data/ XSEM i con 105 in the nmenu bar "I01 or an open file icon 823 in the
XSEM profile area 801. A filenane field 825 is provided to show a fil enane
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the XSEM profile display area 803. As previously nentioned, the profile 808
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Figure 11 is an illustration show ng the GU 10 when a series analysis
option is selected, in accordance with one enbodi nent of the present

i nvention. The series analysis option can be selected with the series

anal ysis icon 117. Upon sel ection qg the series analysis option, the GU 10
di spl ays a series plot area 901. Figure 12 is an illustration show ng
an isolated view of the series plot area 901, in accordance with one
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statistics area 715 displays a mean value 717, a 3-sigma value 719 (i.e., three times the standard
deviation about the mean), a rangc value 721 (i.e., difference between the maximum lvalue'and
the minimum vaiue), a- maximum value 723, and a minimum value 725, corresponding to a
currently selected and displayed angular distribution as established by the set of radial and
angular distribution display controls. The radial distribution display 739 and the radial
distribution statistics area 703 ére useful for evaluating non-uniformities at a constant angle
across the wafer from either the wafer geometric center or the wafer center of mass. The angular
distribution display 741 and the angular distribution statistics area 715 are useful for evaluating
non—unifonniﬁés at a constant disfance from either the wafer geometric center or the wafer
center of mass. |
Figure 9 is an illustration showing the GUI 10 when the XSEM/profile analysis option is
selected (XSEM is a cross-section scan electronic microscope image), in accordance with one
embodiment of the present invention. The XSEM/profile analysis optidn can be selected with
either the analysis select field 237 or the XSEM/profile icon 123. Upon selection of the
XSEM/profile ahalysis option, the GUI 10 displays an XSEM/profile area 801.
Figure 10 is an illustration showing an isolated view of the XSEM/profile area 801, in
accordance with one embodiment of the present invention. An XSEMIproﬁle display area 803

is provided within the XSEM/profile area 801. The user can open an XSEM or profile picture



graph style selection 907, a quantity selection 909, a data source

sel ection 911, and a series order selection 913. The series plot display
903 presents a plot of the quantity selection 909 for each wafer in the
waf er collection. The quantity selegtion 909 offers a drop-down nmenu to
allow the user to select either a nean value, a 3-sigma value (i.e, three
times the standard devi ati on about the nean), a range value (i e,
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The spatial statistics area 301 further includes a black region statistics
area 309. The black region statistics area 309 displays a nean val ue 311, a
3-signma value 313 (i.e., three tinmes the standard devi ati on about the
nmean), a range value 315 (i e, diff grence between the 22 nmaxi num val ue and
the m ni num val ue), a naxinun1valu§ 317, and a mninmum val ue 319,
corresponding to the black region associated with a currently sel ected
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to the wafer collection management icon 115, a wafer collection represents a collection of
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of muitiple data sets represents results of the same process in different tools.



line 337 is positioned. Also in the side-to-side enbodi ment, the center of
mass area 343 displays the set of polar coordi nates corresponding to the
center of nmass of the wafer. Figure 15 is an illustration show ng an
isolated view of the spatial statisphcs area 301 with an annul ar spati al

di stribution selection, in accordance with one enbodi ment of the present

i nvention. In the enbodi nent of Figure 15, the annular spatial distribution
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menu for selecting the control limit. In one embodiment, control limit options include 1.5, 2,

2.5, 3, 3.5, and 4 sigma (i.e., standard deviations about the mean). A show moving average
- selection 929 is also provided to allow the user to display moving averages of the mean and the

selected control limit about the mean, on the series plot display 903.



What is clainmed is: 25 CLAIMS 1. A graphical user interface for displaying
and graphically controlling sel ection of netrics to anal yze post process
waf er surface areas, the user interface receiving data used to generate a
waf er map, the wafer map identifyi auniformty 5 profile of a surface
t hat has been etched, the user intérface conprising: providing a
spatial distribution options for selecting sub-popul ati on data associ at ed
with the upifarmt . fj : suf- ti ing a
ar get od 1ot iedeft o 1EIcEH VAR ok e sHED IRKUARIGB0S 00 00
enabl the Gogrespunidiog wafke rdatd s&tcbd ORplyediin @y vafarsdinigay wiadoéw C215aMn spsihed
distribution 10 option, the region being for the sub-popul ati on data; and
embodiment, the user can activate a movie button 933 in the series plot area 901 to cause each

wafer data set in the wafer collection to be antomatically and sequentially displayed in the wafer
display window 215. | | | |
- The series plot area 901 also includes a series statistics area 917. The series statistics
. area 917 displays a mean value 919, a 3-sigma value 921 (i.e., three times the standard
deviation about the mean), a range value 923 (i.e., difference 'between tﬁe maximum value and
* the minimum value), a maximum value 925, and a minimum value 927, corresponding to the
cufrenﬂy loaded wafer collection and data source selection 911. | |
Figure 13 is an illustration showing an isolated view of the spatial statistics area 301, in
accordaice with one efnbodiment of the present invenﬁon. The spatial statistics area 301
includes a spatial controlj303 for graﬁhica;lly selecting an area-of the wafer to be statistically
analyzed. A spatial distribution selection 305 offers the user a drop-down menu for selecting a
type of spatial distribution to be used in the spaﬁél control 303. In one embodiment, a center-to-
edge spatial distribution is offered to the user. Selection of thé center—to;edge spatial
distribution ailows: fhc user to select and drag a control line 335 to obtain a desired center-to-
edge area for analysis. The center-to-edge area is defined to extend outward from the center of
the wafer to the control line 335 .position. The center-to-edge area is called a black region for
statistical analysis purposes. A balance of the wafer area beyond the center-to-edge area is
called a white region for statistical analysis purposes. The center-to-edge embodiment further
includes a radius display field 307 for displaying a radial distance from the wafer center at
which the control line 335 is positioned. |
In general, a set of data measurement points z; are provided at locations (X;, y;) across a .
wafer defined by x*+y*> <= R?, where R is the radius of the wafer. Whole wafer statistics are
based on inclusion of all points z. As an alternative, the spatial control 303 allows the user to
obtain statistics for sub-regions (i.e., the black region and the white region) of the wafer.
Statistics for each of the sub-regions are calculated based on inclusion of only the data points z;
within the respective sub-region.
The spatial statistics area 301 further includes a black region statistics area 309. The
black region statistics area 309 displays a mean value 311, a 3—sigma value 313 (i.e., three times

the standard deviation about the mean), a range value 315 (i.e., difference between the



di splaying nmetrics for the region, the netrics being automatically updated
upon detecting a change in the graphical identification of the region. 2. A
graphi cal user interface for displaying and graphically controlling 15
selection of netrics to analyze poOS{, process waf er surface areas as recited
in claiml, wherein one of the spatial distribution options defines an
annul ar shape that overlaps the sub-popul ation data for analysis, and the
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i dent 1 region. 203.A graphical’ user interface for ayl ng an

gr aphiocipondimmnte che ibhgksefiont associafednwithi  sutrenthyn ad:lyczted pefter-pd-adgs areaaf er
surface_areas as ecited in claim1, wherein one of the spatial

di st riddlitionallyo the Black degiom slatigtigsarea 309 dngludes shalfss Aisplay 35hé°hﬁleﬁerﬁmgc%ll ar

fggpglrl]llﬂﬁ)eg g?ﬁ%%%ﬂgﬁ‘kﬂgs&& 198&{1«%&”1;?1;@9 .Séi?%t&fﬁ%gk ?ecﬁi&g:nlg%l s%;lsthlgg glﬁagen%df I ed _
ar aphhflﬂé |btackordgici kuaﬁstlcs area 309 are automatically recalculated as the user adjusts the
control line 335 defining the selected center-to-edge area. B _ _

The spatial statistics area 301 further includes a white région statistics area 323. The
white region statistics area 323 displays a mean value 325, a 3-sigma valﬁe 327 (i.e., three times
the standard deviation about the mean), a range vélue 329 (i.e.,. difference between tﬁe
maximum value and the minimum value), a maximum value 331, and a minimum value 333,
corresponding to the white region ,asséciatcd with a currently selected center-to-edge area.

- Additionally, the white region statistics area 323 inc_ludes a sites display 335 for presenting a
number of data measurement sites included in the selected white ‘rcgion.'The statistics presented
in the white region statistics area 323 are automatlcally rccalculated as the user adjusts the-
control line 335 defining the selected center-to-edge area. _

The spatial statistics area 301 further includes a center of mass area 343. The center of
mass area 343 displays a set of polar coordinates corresponding to thc center of mass of the
wafer. The set of polar coordinates includes a radius display 345 and an angle display 347 for
identifying the center of mass location of the wafér. A center of mass indicator 341 is also
displayed in the spatial control 303. . . .. |

Figure 14 is an illustration showing an isolated view of the spatial statistics area 301
with a side-to-side spatial distribution selection, in accordance with one embodiment _of the
present invention. In the embodiment of Figure 14, the side-to-side spatial distribution is
selected in the spatial distribution selection 305. Selection of the side-to-side spatial distribution
changes the spatial contro! 303 to a side-to-side control. The side-fo~side control allows the user
to select and drag a control line 337 to obtain a desired area for analysis. The side-to-side area is
defined to cover one-half of the wafer with a boundary extending through the center of the
wafer. By adjusting the control line 337, the user can rotate the side-to-side area about the
center of the wafer. Values presented in the black region statistics area 309 correspond to the
selected side-to-side area. Values presented in the white region statistics area 323 correspond to
the complement of the selected side-to-side area. The side-to-side embodiment further includes

an angle display field 331 for displaying an angle about the wafer center at which the control



selection of netrics to analyze post process wafer surface areas as recited
in claiml, wherein one of the spatial distribution options defines a
circular shape, and the circular 5 shape capable of being dragged to ,
different sizes to cause the changg,in the identified region. 5. A
graphi cal user interface for displaying and graphically controlling

sel ection of metrics to anal yze post process wafer surface areas as recited

N cliad 3%, is 1 BoditbiddCTAIGE TR thé s to-side. erBoBifHN Bhel et B il A8 g,lapy

anal yzi ng map, e Cross-section capa el ng “gr aphi
adj udispliys thenenofpalasccvedihatenadrrdspoiing isthb tenteaglinags of the aafersect i onal
control, an adjustnment to a new cross-sectional |ocation causing the change

in the i dEgure |1éds r@gillypirationshesing 3e Atqlafgd vt iof the spatishstatispemnaga 38dt i ng
the %W a%ra%ﬁﬁfﬁ gﬁéﬂaﬁ) Bﬁkrlﬂu?i%ﬁ S El%gtlon, in accordance with one emqulment of the present

invention. In the embodiment of Figure 15, the annular spatial dist;ibuti_on is selected in the
spatial distribution selection 305. Selection of the annular spatial distribution changes the
spatial control 303 to an annular control. The annular control allows the user to select and drag
" a control line 339 to obtain a desired annular area for analysis. The annuiar area is defined as a
ring about the center of the wafer. By adjustihg the control 'linc. 339, the user can move the
annular area toward or awéy from the center of the wafer. Values presented in the black region
statistics area 309 correspond to the selected annular area. Values prcscnt'e_d in the white region
statistics area 323 correspond to the complement of the selected annular area. The annular
embodiment further includes an radius display field 333 for displ_'ayilrlg a radial distance from
the wafer center at which the control line 339 is positioned. Also in the annular embodiment,
the center of mass area 343 displays the set of polar coordinates corresponding to the center of
mass of the wafer. |
With the above embodiments in mind, it should be unde'rstobd that the invention may
employ various computer-implemented operations involving data stored in computer systems.
These operations are those requiring physical manipulation of physical quantities. Usually,
though'r'lot necessarily, these quantities take the form of electrical or magnetic signals capable
of being stored, transférred, combined, compared, and otherwise manipulated. Further, the
manipulations performed are often referred to in terms, such as producing, idcnﬁfying,
determining, or comparing. ) |
Any of the operations described herein that form part of the inventidn are useful
machine operations. The invention also relates to a device or an apparatus for performing these
operations. The apparatus may be specially constructed for the required purposes, or it may be
a general-purpose computer selectively activéted or configured by a computer program stored in
the computer. In particular, various general-purpose machines may be used. with computer
programs written in accordance with the teachings herein, or it may be inore convenient to
construct a more specialized apparatus to perform the required operations.
The invention can also be embodied as computer readable code on.a computer readable

medium. The computer readable medium is any data storage device that can store data which



6. A graphical user interface for displaying and graphically controlling
sel ection of netrics to anal yze post process wafer surface areas as recited

in claiml, further conprising: 20providing a graphical control for
selecting a radial value and an angeq ar val ue of statistical distribution;
and enabl i ng graphi cal adjustnent of the radial value and the angul ar
val ue, the radial value and the angul ar value defining the identified
r egi ocarf be theheften lbe pegalibyticompdet aysteil/ Examples df the coifiidraead BN 8BRS
process. for caontrolli n%wand Rerfor m ng anal gsi s of
include hard drives, network attached storage (NAS), read-only memory, random-access
memory, CD-ROMs, CD-Rs, CD-RWs, magnetic tapes, and other optical and non-optical data
storage devices. The computer readable medium can also be distributed over a network coupled
computer systems so that the computer readable code is stored and executed in a distributed
fashion.

While this invention has been described in terms- of several embodiments, it will be
appreciated that thos¢ skilled in the art upon reading the preceding specifications and studying
the drawings will realize various alterations, additions, permutations and equivélents thereof. Tt
is therefore intended ‘that the present invention includes all such alterations, additions,
permutations, and equivalents as fall within the true spirit and scope of the invention.

What is claimed is:



waf er nmeasurenent data, conprising: operating a conputer to provide a
-graphi cal user interface, the graphical user interface providing a

graphi cal selection control for selecting a spatial region of a wafer map

i ncluding a subset of wafer neasurenent data for analysis, wherein the
spatial region of the wafer map is less than an entirety of the wafer map
and is defined without regard to specific |ocations associated with wafer
measurenent data within the subset of2wafer neasurenent data;

operatln& t he conputer to performanalysis of the subset of wafer

measur e MYa within the spatlal region of the wafer map to create a set

of analysis results; and ati nMaut.e Leo18adli spl ay
of the set oflanal ésE@P}fﬂéélupfeé °8|f§’g 'i{i@p(i% ga'ﬂ%r grséﬁf:@ :éh t he 3
gr aphi cal user interface. 8. A conputer !Engl enen

or
cont r ol | keleptiandofpercfriss niongnakyrg| Rt PreAcsHgYRT™ raéﬁaé’n%hedé A glge%g%:l ted in

claim?7, wherein the graphical selection control for h{lctl n&ﬂ% e. spatl al
regi on o’fcc&hﬁlgv\a;ite ruseo igenesate raowefes aean, dhe $BFE PR F’fie@B P

cross-section selection control allow ng the wafer neasurenent data across
a di aget ef,fé ofa NfatE tHabhddesebieldde theasert ihtsriaehensprisinghaf er measur ement
data for anal ysis. 9. A conputer inplenented process for controlling
and perform ng cﬁ{tﬁhg%@@f div@ibationGapus fratlcctiing ebgepuleton dua pysodnEd m 8,

t

wherein the s of analysis results
with the uniformity profile of the surface, the sub-population data being a targeted region
of the wafer that is less than the entire wafer surface;
enabling graphical identification of a region using a particular spatial distribution
10 option, the region being for the sub-population data; and

displaying metrics for the region, the metrics being automatically updated upon

detecting a change in the graphical identification of the region.

2. | A graphical user interface for displaying and graphically controlling

15  selection of metrics to analyze post process wafer surface areas as recited in claim 1,
wherein one of the spatial distribution options defines an annular shape that overlaps the
sub-population data for analysis, and the annular shape is capable of being positioned to

cause a change in the identified region.

20 3. A graphical user interface for displaying and graphically controlling
selection of metrics to analyze post process wafer surface areas as recited in clam 1,
wherein one of the spatial distribution options defines a half-circular shaped, and the half-

circular shape is capable of being re-positioned to cause a change in the identified region.



- 28 includes a nean, a standard devi ati on about the nean, a range between a
‘maxi mum val ue and a m ni num val ue, the maxi num val ue, and the m ni num

val ue. 10. A conputer inplenmented process for controlling and perform ng

analysis 5 of wafer measurenent data as recited in claim@8, wherein the

di splay of the set of analysis results includes a graphical display of the

subset of wafer neasurenent data across the dianeter of the wafer. 11. A

conmput er i npl enented process for cont2®l ling and perform ng anal ysis 10 of

waf er neasurenent data as recited in claim 10, wherein differing nmagnitudes

within the subset of wafer measurenent data are illustrated using one of a

col or scale and a npnochrone scale, 12. A..C ut er_,i npl g e ss for
control l'ing afd peff 8/aRPisa A5EL) %?@CTSfOdelﬁ%?g r%gsgg’lgﬁlenw (fgfng&gfs}greci t ed
inclaim?7, wherein the graphical selection control for s%hgcti Hhe
spati al segition off methies WaRealyseaprst Proceraipiel SERPECUPEhaL BRI OM © radi al
selection control allow ng the wafer neasurenent data across a radjus of a
waf er t ovhereiiebrebetheapatid aligtibsmn afions fefinarmaaisulashipes gk thegfireyifa) ysi s,

2013. A conputer inplenented process for controlling and performng anal ysis
5  shape capable of being dragged to different sizes to cause the change in the identified

region.

5. A graphical user interface for displaying and graphically controlling
selection of metrics to analyze post process wafer surface areas as recited in claim 1,
10  further comprising:
providing a cross-section for analyzing the wafer map, the cross-section capable of
being graphically adjusted to new cross-sectional locations by dragging a cross-sectional
control, an adjustment to a new cross-sectional location causing the change in the
identified region; and

15 presenting statistical data upon detecting the new cross-sectional location.

6. A graphical user interface for displaying and graphically controlling
selection of metrics to analyze post process wafer surface areas as recited in claim 1,
further comprising:
20 providing a graphical control for selecting a radial value and an angular value of
statistical distribution; and
enabling graphical adjustment of the radial value and the angular value, the radial

value and the angular value defining the identified region for the sub-population data.



- of .wafer neasurenent data as recited in claim12, wherein the set of
anal-ysis results includes a nean, a standard devi ati on about the nean, a
range between a maxi num val ue and a m ni num val ue, the naxi nrum val ue, and
the m ni num val ue. 29 14. A conputer inplenented process for
controlling and perform ng anal ysis of wafer neasurenent data as recited in
claim 12, wherein the display of the set of analysis results includes a
graphi cal display of the subset of waPér neasurement data across the radius
of the wafer. 15. A conputer inplenented Frocess for controlling and
perform ng ahal ysAscostpuigsfigmplereenied prasass @acantseliing end @grformipg zinalysis, of
wherein differing magnitudes within the subset of wafer neasurenent data
are il | wafer ateashrernéntglataneomprising:ol or scal e and a 10 nonochrome scal e.

16. A computer inplenented process for controlling and perform ng anal ysis
of wafer nmeasperfRMH cohhderds pt@sid £8rapRical @efinforfatbehebfphlal tlefRéEak

sel ection control Tor selecting the spatial region of the wafer map i s an
angul ar ' t . Welc .0g:..t.he
for RSl d PRRRR ffirioh Behwich (8 McRbe SEHAEL AR BN WAk B W™,

be sel ea(:: gu%gsetaosf \%re&gr gllégssﬁ?etmgt d\e’x\{%ffg£ ana )?s?slf rwehré?erﬁtl tl%astp%tigtlor%gion of the wafer map

is less than an entirety of the wafer map and is defined without regard to specific locations
associated with wafer measurement data within the subset of wafer measurement data;
operating the computer to perform analysis of the subset of wafer measurement data
within the spatial region of the wafer map to create a set of analysis results; and
operating the computer to provide a display of the set of analysis results, the display

being presented in the graphical user interface.

8. A computer implemented process for controlling and performing analysis of
wafer measurement data as recited in claim 7, wherein the graphical selection control for
selecting the spatial region of the wafer map is a cross-section selection control, the cross-
section selection control allowing the wafer measurement data across a diameter of a wafer to

be selected as the subset of wafer measurement data for analysis.

0. A computer implemented process for controlling and performing analysis of

wafer measurement data as recited in claim 8, wherein the set of analysis results



anal ysi s. 17. A conmputer inplenented process for controlling and
‘perform ng anal ysis 20 of wafer neasurenent data as recited in claiml16,
wherein the set of analysis results includes a nmean, a standard devi ation
about the nean, a range between a naxi num val ue and a m ni num val ue, the
maxi num val ue, and the mni mumvalue. 30 18. A conputer inplenented process
for controlling and perform ng anal ysis of wafer neasurenent data as
recited in claim16, wherein the displ2y of the set of analysis results

incl udes g QRAPNLCAH 4 SBLAYPatib b e a heffRif U iGN mdRLR at the
a the wafl er.

const ant I stance out the center o

and a minimum value, the maximum value, and the minimum value.

10. A computer implemented process for controlling and performing analysis
5  of wafer measurement data as recited in claim 8, wherein the display of the set of analysis
results includes a graphical display of the subset of wafer measurement data across the

diameter of the wafer.

11. A computer implemented process for controlling and performing analysis
10 of wafer measurement data as recited in claim 10, wherein differing magnitudes within the
subset of wafer measurement data are illustrated using one of a color scale and a

monochrome scale.

12. A computer implemented process for controlling and performing analysis

15 of wafer measurement data as recited in claim 7, wherein the graphical selection control
for selecting the spatial region of the wafer map is a radial selection control, the radial
‘selection control allowing the wafer measurement data across a radius of a wafer to be

selected as the subset of wafer measurement data for analysis.

20 13. A computer implemented process for controlling and performing analysis
of wafer measurement data as recited in claim 12, wherein the set of analysis results
includes a mean, a standard deviation about the mean, a range between a maximum value

and a minimum value, the maximum value, and the minimum value.



19. A conmputer inplenented process for controlling and perform ng anal ysis
of wafer nmeasurenent data as recited in claim18, wherein differing

magni tudes within the subset of wafer neasurement data are illustrated
using one of a color scale and a nonochronme scale. 10 20. A conputer

i npl enented process for controlling and perform ng anal ysis of wafer
measurenent data as recited in claim7, wherein the set of analysis results
includes a set of Gaussian analysis rg%ults based on the subset of wafer
nmeasurenent data. 1521. A conputer inplenented process for controlling and
perform ng anal ysis of wafer neasurenent data as recited in claim 20,

wherein the dlspla of the set of naI I : !
di spl ay of thé&*Gau Og}?uéFﬁéF\yifi“?n eg %qrhé)%%%ﬁ :aéﬁ:glp'égﬁﬁm %\%%Zﬁé o
d g p Ing a
i stogram represented by a nunber of b & %f p%fs
r epr esenof mgfer messemest dajar & reries Ut & tlzel ‘?}’élt%%g '-‘Rfaé’ n'PX $Faf yi ng
nunber of 20 standard devi ati ons about a _mean valgqe, %amphl cal, .di spl ay
§

further anaysidiresgltsumcluicala Gapkisaladispless of it sy0sat Rephdatd hset
of wafer neasurenent data. 31

5~ across the radius of the wafer.

15. A computer implemented process for controlling and performing analysis
of wafer measurement data as recited in claim 14, wherein differing magnitudes within the
subset of wafer measurement data are illustrated using one of a color scale and a

10 monochrbme scale.

16. A computer implemented process for controlling and performing analysis ‘
of wafer measurement data as recited in claim 7, wherein the graphical selection control
for selecting the spatial region of the wafer map is an angular selection éontrol, the

15  angular selection control allowing the wafer measurement data at a constant distance

about a center of a wafer to be selected as the subset of wafer measurement data for

analysis.

17. A computer implemented process for controlling and performing analysis
90  of wafer measurement data as recited in claim 16, wherein the set of analysis results
includes a mean, a standard deviation about the mean, a range between a maximum value

and a minimum value, the maximum value, and the minimum value.



22. A conputer readabl e storage nmedi um containing programinstructions for
controlling and perform ng anal ysis of wafer neasurenent data, conprising:
programinstructions for providing a graphical user interface, the

graphi cal user interface providing a graphical selection control for
selecting a spatial region of a wafer 5 map i ncluding a subset of wafer
nmeasur enent data for analysis, wherein the spatial region of the wafer map
is less than an entirety of the mafer3%ap and is defined without regard to

specific | ocatjons ,assaciat: i dnbd f8kss TRaserelirgtand gleefomningianalypid subset
of wafer neas %'erreﬁ‘tcoélﬁ%%ge? lﬁﬁ’ﬂé% V\?rpr ograminstructions for performng
anal ysis of the subset of, wafer reRNs hstatia the dispat ef theset off

anal ysi s of et %‘Fa%‘FFﬂ“en? data r{)e&{r{g&rﬁ#r?gdﬁuct’i ons for providing a display of
the set of analysis results, the,displ ' S eseRl aRadehéif dgfacqahi ca
user int@nﬂa@erﬁthﬁw“§§$aﬁ?@%ﬁﬁhggpﬁwgédgﬁhggg?orage medi um cont ai ni ng
programinstructions for 15 control| iegga nd perform ng anal ysis of wafer
measur emahd catataat distanasaibpeidhe pentgr & ¥ her ei n t he graphi cal sel ecti on

control for selecting the spatial region of the wafer map is a
cross=section selection control, the cross-section selection control

all owi ng the wafer neasurenent data across a di angter of waf egnaiosisbe
sel ected as thg, subsebmpihtesihsiememed prasatsnior ganteelbeg H?r%né‘?g Y

of wafer measurement data as recited in claim 18, wherein differing magnitudes within the

subset of wafer measurement data are illustrated using one of a color scale and a

monochrome scale.

10
20. A computer implemented process for controlling and performing analysis
of wafer measurement data as recited in claim 7, wherein the set of analysis results
includes a set of Gaussian analysis results based on the subset of wafer measurement data.
15 21. A computer implemented process for controlling and performing analysis

of wafer measurement data as recited in claim 20, wherein the display of the set of
analysis results includes a graphical display of the Gaussian analysis results, the graphical
display being a histogram represented by a number of bars, each of the number of bars
representing a number of wafer measurement data values within a varying number of
720 standard deviations about a mean value, the graphical display further including an ideal

Gaussian distribution plot based on the subset of wafer measurement data.



20 24, A conputer readable storage medi um containing program
instructions for controlling and perform ng analysis of wafer measurement
data as recited in claim23, 32 wherein the display of the set of analysis
results includes a graphical display of the subset of wafer neasurenent
data across the dianmeter of the wafer. 25. A conputer readable
storage medi um contai ning programinstructions for 5 controlling and
perform ng anal ysis of wafer neasuren®nt data as recited in claim 22,

wherein th ' i . _ _
e S A b N SERS R ol ne 7,
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program instructions for providing a graphical user interface, the graphical user

interface providing a graphical selection control for selecting a spatial region of a wafer

5 map including a subset of wafer measurement data for analysis, wherein the spatial region

of the wafer map is less than an entirety of the wafer map and is defined without regard to

specific locations associated with wafer measurement data within the subset of wafer

measurement data;
program instructions for performing analysis of the subsect of wafer measurement
10  data to create a set of analysis results; and

program instructions for providing a display of the set of analysis results, the

display being presented in the graphical user interface.

23. A computer readable storage medium containing program instructions for
15 controlling and performing analysis of wafer measurcment data as recited in claim 22,
wherein the graphical selection control for selecting the spatial region of the wafer map is
a cross-section selection control, the cross-section selection control allowing the wafer
measurement data across a diameter of a wafer to be selected as the subset of wafer
measurement data for analysis.
20
24. A computer readable storage medium containing program instructions for

controlling and performing analysis of wafer measurement data as recited in claim 23,



26. A conputer readabl e storage nedi um containin rogr [ [

control ling and performng analysis of wafer neagufengn?md:a?zt ;gcﬁ Iegintse]:tloir n

claim 25, wherein the display of the set of analysis results includes a

graphi cal display of the subset of wafer neasurenent data across the radius

of the wafer. 15 27. A conputer readable storage nedi um cont ai ni ng

programinstructions for controlling and perform ng anal ysis of wafer

(r:rgﬁf%len?g: dg]ta ?_s recited in claim223%wherein the graphical selection
sel.ect | i@l ! { i id

sel ection CHIEPELe @gpéagﬁfgtﬁ?g%t 023? éelg%% ?ﬁ“@i‘#ﬁ%ﬁ%ﬁ%ﬁg 1%%%?2?%&

measur enent ff@@grgﬁ%ggﬁen%?th%gsgc%%tﬁgfﬁm%%ﬂﬁ‘?%f& center of a wafer to be

sel ected as® er neasur enent [ i

¢ ata tor analysis. 33 28.A
conput er readabl e storage medi um containing program instructions for
controlling and perform ng anal ysis of wafer neasurenent data as recited in

claim 27, wherein the display of the set of .analysis results.]
giphoal foplcho posiuiolionTurte Ferliiuld-LB AT LRI,
5  controlling and performing analysis of wafer measurement data as recited in claim 22,
wherein the graphical selection control for selecting the spatial region of the wafer map is
a radial selection control, the radial selection control allowing the wafer measurement data
across a radius of a wafer to be selected as the subset of wafer measurement data for
analysis.
10
26. A computer readable storage medium containing program instructions for
controlling and performing analysis of wafer measurement data as recited in claim 25,
wherein the display of the set of analysis results includes a graphical display of the subset
of wafer measurement data across the radius of the wafer.
15
27. A computer readable storage medium containing program instructions for
controlling and performing analysis of wafer measurement data as recited in claim 22,
wherein the graphical selection control for selecting the spatial region of the wafer map is
an angular selection control, the angular selection control allowing the wafer measurement

20  data at a constant distance about a center of a wafer to be selected as the subset of wafer

measurement data for analysis.
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28. A computer readable storage medium containing program instructions for
controlling and performing analysis of wafer measurement data as recited in claim 27,
wherein the display of the set of analysis results includes a graphical display of the subset

of wafer measurement data at the constant distance about the center of the wafer.



