9 USER | NTERFACE FOR QUANTI FYI NG WAFER NON- UNI FORM TI ES AND GRAPHI CALLY
EXPLORE SI 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 invention relates to a systemfor enabling
graphi cal presentation and control of a post-process wafer evaluation. 2.
Description of the Related Art Sem conductor wafers undergo numnerous
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The various operating variables (e.g., event timng, gas pressure,
concentrations, tenperatures, etc...) of each process perforned on the
waf er are recorded so that any changes in any variable may be quickly
identified and potentially correlated to any post-process error or
nonuniformty di scovered when the wafer is exam ned. Prior art approaches
to describing post-process nonuniformties include subjective, verbal
descriptions such as "center-fast” for annul ar nonuniformty: or.

"l eft-side-slow' for azinmuthal nonuniformty. Center-fast is generally
descriptive of a post-process wafer condition where nore material has been
renoved froma center reW'BﬂEﬂh@Emma surroundi ng region
on the wafer. However, center-fast does not provide a specific, objective,
and dudhieldofthenvention; pti on of the nonuniformty. Simlarly,
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Descrizptﬂegme‘?&gngpa}e- &g&gzgrtnonuni formties are used to provide feedback

to cofrec rors and inc I'stencies in the preceding waf er processes.
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i npact of the nonunifaormties on subsequent ' '
manufacturing process. Layers may be added, patterned, etched, removed, and polished, among

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 nonﬁniformity discovered when
the wafer is examined.
Prior art approaches to describing post-process nonuniformities include subjective, 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
- tegion on the wafer. However, center-fast does mot 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.



sem conduct or manufacturing processes and on netrics from conpl eted

sem conduct or devices (e.g., device yields, performance paraneters,
etc...). As post-process nonuniformties becone snaller and smaller, the
post-process nonuniformties beco | ess symretrical and nore difficult to
accurately describe with the subjec¢tive, verbal descriptions. In

follow ng, the subjective, verbal descriptions are insufficient to
accurately describe the post-process nonuniformjties s hat further
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detecting a change in the sel ect region. Ln another | ment
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of 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 'grap.hical selection control for selecting a regioh of the
wafer map for statistical analysis. The user interface is configured to generate statistical data -
for the selected region to complete the statistical analysis. The statistical dafa is then displayed
for the selected region. Re-generation 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



I n one enbodi nent, a graphical user interface for analyzing wafer
nmeasurenent data is disclosed. The graphical user interface provides
controls for selecting a first set of wafer neasurenent data and a second
set of wafer neasurenment data. The aphi cal user interface also provides
a control for performng a mathenati-tal operation between the first set of
waf er neasurenent data and the second set of wafer measurenent data. The

mat hemat j cal ration _creates. a.result .set o fer data, .T raphi cal
veer 1Py 2nd U6 ol pRCRBER AL HidplenqFon erBog ' SBne 4p e HeRiT S
I n anoypsificaBREt Rkgiod. 9raphical user interface for nmanaging and
evaluating a collection of wafer neasurenent data is disclosed. The

gr aphi cal uleone emleodimens, prgeaphibal user iveracoforfanalysieg acfenrmeasue ook Ke@tis on

of wafer negsurenent, data. The graphical user_interface al rovi des a
cont r AeaIiedodie GEAPHE Hes JAETTARS, BFPYGies, HRol Fecig ingta dlpeet nY iR ment
data t f I | 1 g i : | e f.ace
Fur ¢ he< 3 SEFTAE AUSElq £leectfB HEbE SRR imelt Ratl TR ftnicdl ther MRHLR
enbodi alenprovidey maghirobforyseibrmmger frathenfaticalpgefationitegveenptho ffirkteseaofivafers i s
di scl osed. The graphical user interface includes, displaying an electronic
i cr oSBEASHIGARG %ata rfﬁ? gcong get %fd]”ééf DR GSERmeR daia. rﬁm‘ ‘Ea‘i‘ilfg?@la%"ﬁ SPEEfifRge

s or SRar ety of S ARE TR iRl Ok HoRKE GRRY: AR, UPRRIGy

becongesilt st appafeedataf romthe follow ng detailed description, taken in
conjunction with the acconpanying drawi ngs, .illustrating_by way of_ exanple
the presentlni gaather embodiment: Do o drterfpge fRaneRemngynd gyalwtingna

t oget he Lt h rther van . her epf . d:

rof or oougtidy oh Y P ROk A i ke o AR IR e o

acconpAbNEbr delayindOhe chllec(idh o waldrdhéRulenent aital TRUGhplEtAIARSTARMADE aRo
graphical user interface (GJ) of a wafer viewer system in accordance
wi t h anevidehaaprtertfopperforming am evaluitinpeef: the solleciign of walersmegsuramens datgtpon

cmboaient o A bbb, 7BE Binice) SuathRia L RRuel o BEESLPAIE L, g

an i sffavadatiéews@is.t he wafer data area, in accordance with one enbodi nent
of the present invention;

In another embodiment, a.graphical user interface for performing a profile analysis is
disclosed. The graphical user interface includes displaying an electronic micrdscope image.
Controls for adjusting the electronic microscope image are provided. Also, the graphical user
intcrface 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 4 is an illustration showi ng the GU when the cross-section analysis
option is selected, in accordance with one enbodi nent of the present
invention; Figure 5 is an illustration showing an isolated view of the

cross-section area, in accordance \Mth one enbodi ment of the present
invention; Figure 6 is an illustration show ng an isolated view of the
hi st ogram area, in accordance wth one enbodi mnent of the present

i nvention; [Eiqure 7. i n..llustration,shpw n he I en the. .
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Figﬁrc 11 is an illustration showing the GUI when a series analysis option is selected, in
accordance with one embodiment of the present invention;

Fxgure 12 is an illastration 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 spatiﬁl 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



anal ysis, perform ng analysis on the selected regions of the wafer, and
displaying results of the analysis. In the follow ng description, numerous
specific details are set forth in order to provide a thorough
under st andi ng of the present inventicon. It will be apparent, however, to
one skilled in the art that the présent invention may be practiced w thout
sone or all of these specific details. 1In other instances, well known
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are muubgrofzadkse by the wafer viewer. Al'so, ‘the wafer viewer is capable of
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data. In one embodiment, the wafer viewer is capable of reading output 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-Tgnco_r CD SEM, Optiprobe ellipsometer, Rudolph ellipsometer, F5x
KL A-Tencor (ellipsometry and scatterometry formats), and NOVA scatferometer 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 multiple wafers having
muitiple_ 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—dde
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



6 of wafer statistics (nmean, 3-signme, range, mexi num mninmum, a wafer
map currently displayed by the wafer viewer, a set of cross-section
statistics (nean, 3-signma, range, nmaxinmum mninmum, and a cross-section
graph currently displayed by the waféer viewer. A copy to clipboard icon 111
I's provided to allow a user to copy I1nformation to a virtual clipboard for
transfer to other applications. In one enbodinment, the copy to clipboard
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comments. In one embodiment, the number of wafers in the wafer collection can have dlffermg

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 exampie, 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 collection, and

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



wafer lot, making a collection fromall wafer |ot properties, inserting a
wafer in a collection, and saving changes to a wafer collection. The
option for making a collection froma wafer ot allows 7 a user to create
a wafer collection froma file containing a conmon type of data for
multiple wafers. The option for makKing a collection fromall wafer |ot
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instantiates a web browser resident on the host computer system and navigates to a

predesignated wafer viewer system web page.

A registration icon 135 is provided to allow a user to register a wafer viewer system. In
one embodiment, regisiration of the wafer viewer system is used as a security feature to control
distribution and installation of the wafer viewer system on the host computef systgm.

In addition to the aforementioned user-activatable icons, menu bar 10_1 aiéo includes a
series analysis icon 117, a diameter/histogram icon 119, an azimuthal/radiai distribution icon
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 ﬁ'rst- 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



second wafer identification and selection field 139. Each of the first and

second wafer identification and selection fields, 137 and 139, displays a
nane corresponding to a wafer data set currently | oaded for a. Wafer A and
a Wafer B, respectively. Additionally, each of the first 8 and second

waf er identification and selection ftelds, 137 and 139, offers a drop-down

menu for selecting an available wafer data set to be |oaded for the Wafer
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rotation for display of the wafer data currently selected. The GJ 10

f urt hes thereperamt Salegtion sf fhieghthihuin operand opticnhwillicasse the ménioim value of thef
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, Celstius, 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.



nmeasure to be associated with the wafer data currently displayed and

anal yzed by the wafer viewer system In one enbodi nent, avail able units of
measure i nclude Angstrom nanoneter, kiloAngstrom mcroneter, Celsius,
Angstrom mi nute, nanoneter/mnute, KkiloAngstronimnute, mcronmeter/mnute,
and none. The units field 147 offerd a drop-down nenu for presenting the
various unit of mnmeasure options available for selection. 9 As previously
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di spl ayea alyzed wafer or wafers. The edge field 161 provides a size
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The r adifapetef sigd of the turrently displayed and analyzed wafer or wafers.
"The GUI 10 further includes a wafer information area 165. In one embodiment, the
.wafer information area 165 includes a wafer identifier field 167, a date field 169, a recipe field
171, and a comment field 173. The wafer identifier field 167 displays an idcnt_iﬁer associated
. with the cutr;antly displayed and analyzed wafer. The date field 169 dispiays a date on which the
currently loaded wafer data was created or obtained. The date fieid 169_' also offers a drop-down
control that when activated causes a navigatable calendar to be displayed. The recipe field 171
displays information regarding a wafer processing recipe associated with the currently loaded
wafer data. The comment field 173 displays comments provided W_ith the currently loaded wafer
data. The comment field 173 is equipped with vertical scroll controls. An expand icon 175 is
also associated with the comment field 173. When activated, the expand icon 175 causes the

comment field 173 to be displayed in a larger pop-up window. The larger pop-up window offers

a close icon that can be activated to close the pop-up window.



di splays information regarding a wafer processing recipe associated with
the currently | oaded wafer data. The comment field 173 di splays comments
provided with the currently | oaded wafer data. The comrent field 173 is
equi pped with vertical scroll controlss. An expand icon 175 is also :
associated with the coment field 173. Wen activated, the expand icon 175
causes the comment field 173 to be displayed in a |larger pop-up w ndow.
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a information box 225 are displayed at the mouse location. The information box 225 displays a
set of cartesian coordinates and a data value corresponding to the mouse location. The vertical
guide 223 and horizontal guide 221 can be used in combination with a scale 227 provided at the
lower edge of the wafer display window 215 to accurately position the mouse at a desired
location. 7

The wafer display area 201 also includes a color scale 229 corresponding to the various
hues or shades utilized in the color or monochrome map displayed across the wafer image 217.
According to the color scale 229 a change in color or shade corresponds to a change in data
value magnitude.

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.



hues or shades utilized in the color or nonochrome map di spl ayed across the
waf er image 217. According to the color scale 229 a change in color or
shade corresponds to a change in data value nmagnitude. A wafer view sel ect
field 231 is provided within the maﬁ r display area 201. The wafer view
select field 231 offers a drop-down nu for presenting wafer display
options. In one enbodinent, the wafer display options include col or
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are far from average. sites value option only displays the actual data
meas umeeasnrenint dath gelats.ons 219 and associ at ed ‘neasurenent data val ues. A
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the hl908S be dbtek Within the water disblay window 215 with 200 uniform width columns and
200 uniform height rows. A daté value is interpolated for each point in the defined interpolation
grid. Thus, selection of the high option provides the highest interpolation resolution, and
- selection of the low option provides the 'lowes_t interpolation resolufion. |
| An interpolation select field 235 is provided within the wafer display area 201. The
 interpolation select field 233 offers a drop-down menu for presenting interpolation options for
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/"), 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



selection of the |low option provides the |owest interpolation resolution.
An interpolation select field 235 is provided wthin the wafer display area
201. The interpolation select field 233 offers a drop-down nenu for.
presenting interpolation options for,, use in calculating the interpol ated
data values for display in accordané& with the selected interpolation
grid. In one enbodinent, the interpolation options include soft, normal
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A scale limits area 251 is provided within the wafer display area 201. The scale limits
area 251 includes a scale limits activation selection 253 and a drop-down menu 259 offering
options for establishing an upper and a lower scale limit. The drop-down menu 259 includes a
user supplied option, a percentage of mean option, and a 3-sigma option. Selection of the user
supplied option enables an upper scale limit to be entered in an upper scale limit field 255 and a
lower scale limit to be entered in a lower scale limit field 257. Selection of the percentage of
mean option enables a percentage value to be entered in a value field 261. The upper and lower
scale limits are calculated to be a corresponding percentage of the mean. Selection of the 3-
sigma option establishes the upper and lower scale limits at three times the standard deviation
about the mean.
A die layout area 265 is provided within the wafer display area 201. The die layout area
265 includes a show die layout selection 267, a horizontal die size field 269a, a vertical die size

field 269b, a horizontal die offset field 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



user supplied option, a percentage of nean option, and a 3-signma option.
Sel ection of the user supplied option enables an upper scale limt to be
entered in an upper scale limt field 255 and a- |ower scale limt to be
entered in a lower scale limt fielq 257. Sel ection of the percentage of
mean option enabl es a percentage val'de to be entered in a value field 261.
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sel ected. Referring back to Figure 1, the wafer data area 401 |s_d|sglayed
upon swelestedi Bafeing basgk tgJfigargsh dea wateadggiaseaotflli srdisnlavesdainon; sslection g5 theg
the anal ysi,s sel ect field 237 .1he spreadsheef . | Vi i |.so0 be
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analysis option can also 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 stplay. The spreadsheet display includes a site column 407 for entering and/or
~ displaying a number of a data measurement site. An x-column 409 and a y-column 411 are
inciuded 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 andfor
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, of the z-column 413 to sbrt the
data in the spreadsheet display by the data in the respective column. Successive selections of a
particular header will toggle the sort between ascending and descending order. A vertical scroll
control is provided to allow navigation thrbugh the spreadsheet display. Also, an allow adding

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



Figure 3 is an illustration show ng an isolated view of the wafer data area
401, in accordance with one enbodi nent of the present invention. The wafer
data area 401 includes a .spreadsheet display. The spreadsheet display

i ncludes a site columm 407 for ente%%ng and/or displaying a nunber of a
data neasurenment site. An x-colum 9 and a y-columm 411 are included for
entering and/or displaying x and y cartesian coordinates, respectively, of
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control is provided to allow navigation through the spreadsheet display.
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523 di spl ays a cross-section traversing . ]
section display 523 includes a horizontal scale representing the radial distance from the center
of the wafer. The cross-section display 523 also includes a.vertical scale representing a wafer
thickness. Therefore, the cross-section display 523 presents an image of the wafer thickness
variation as a function of distance from the wafer center.

The set of cross-section controls are provided to allow the user to select the exact cross-
section to be displayed in the cross-section display 523. The set of cross-section conﬁols
include an angle select graphical control 515, an angle value field 517, a color selection 519,
and a scale limits synchronization selection 521. The angle select graphical control 515 and the
angle 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 523 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 corresponding angle is displayed in the angle value field 517. If an angle value is



t hrough a center of the wafer in accordance wth a set of cross-section
controls. The cross- section display 523 includes a horizontal scale
representing the radial distance fromthe center of the wafer. The
cross-section display 523 al so inclgges a vertical scale representing a
waf er thickness. Therefore, the cross-section display 523 presents an

i mmge of the wafer thickness variation as a function of distance fromthe
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the wafer display area 201 is also used for the 't Cross-section
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standard deviation about the mean. The histogram display 605 also shows an ideal Gaussian
_ distribution 607 based on the mean and standard deviation of the current histogram data source
selection 603. The histogram data source selection 603 offers a drop-down menu that allows the
user to select a data source for generéting the histogram display 605. In one embodiment, the
histogram data source options include either the data values corresponding to the data
measurement sites or the data values corresponding to the interpolation, where the interpolation

is defined by the point density select field 233 and the interpolation select field 235.

Figure 7 is an illustration showing the GUI 10 when the distribution analysis option is
selected, in accqrdance with one embodiment of the present invention. The distribution analysis
option can be selected with either the .analysis select field 237 or the azimuthal/radial
distribution icon 121. Upon selection of the distribution analysis option, the GUI 10 displays a
radial/angular distribution area 701.



hi st ogram di spl ay 605 and a hi stogram data source sel ection 603. The

hi st ogram di spl ay 605 can be used to evaluate a Gaussian nature of the
currently selected and di spl ayed wafer data values. The histogram di spl ay
605 i ncludes a bar plot of the'datalgalues according to the current

hi st ogram data source sel ecti-on 6037"Each bar of the bar plot represents
one quarter of the standard devi ation about the nean. The hi st ogram

di spl-ay 605. i. de SSi i i L ony: Ase .

mean and s-%é%%gi%d%%%bmﬁé%gg%&b&?%gcaﬁ’r fr%glr?feqh‘ﬁé‘%o%ﬁ%%nggdé?gzns@g%c(g'gﬁg%{‘%gt i on
603. - e MOB!ATIREIdIAER wWifiUbAeE efibo@hdn® bf GRS pdstAr Hvantilir PFIE YdlislRngukah at
allows the wuser to select a data source for generating the histogram

di spl alistdosion areefie] vbests maadial diseributiontdgplan Waen sosua disspeutisnsdisnley ude
ei ther, ,the dat al ues corr onding..tq the data . t sit th
a1 UL R SERRE b BB RS ETRR aPSh
def i"n%S%dtd}Pangﬁia%isﬁ%hﬁbhﬁta%ﬂi&C&d"Vﬁid 233 and the interpolation select
field 235. Figure 7 1s an. illustration showing the GJ 10 when the

di stri but i Fheandial dissibogion display 739qiresetisd, plotofavafer dinkoessirom wodietribution
enbodi nent of the present invention, The distrjbution an sis .opti .can
be selcgRiebdovihenedgst Hf(serthft %fna%y%‘?rgc ef@ Ok it g2 %dwna%% n dlSPPay 3
azi mu L 8 thedlysief HAMEQN viiReNA ok RELEHe! 138iaP idciButtlnS&ispiay't | on
anal ytgpgrg 8?‘?%?16 ﬁ%eg‘g%m%%{cg?g%ﬁﬁgyé%z?g@?% /angular distri but 'on -%rga
701. %89 cbirgspondStd the distarck disini gt distribhtbon cxgtaarto tecidge of the waleof THrbegh a
radi al [angul ar distribution area_ 701, in accordance w [ h _one &gﬁg. | ment of

: ?]

the piissabtiansglest figd 72F e theagt of redivh anchpnsudar dismbtionsHsplpk.go ¥iffles a
radi al__di i ' | v 7 | o | ' Yol a-
ot o Slipdse 1 Wl efbiton cdther B N f ol ot o e ek g coleh of

di st r infgk b theSwafet. Sthrésghed §aphi¢aBdis@ibution conmtenl 738 inlitist st lofitradial @tdodngalar cs
area 715. The radial distribution display 739 presents a plot of. \g%f r

t hi ckdissabytionrdisplay eantiols theger eamzelget ?WY fireg agadjal Gptribplongerirol n é‘Stt? cal
scal e .t he | i st | 0f...d] 9 I ﬁﬂ&qﬁ h r:
t hi ckr?gisaé& @aﬁ%sgrghijaﬁgjri z%%onsfc?gl %ﬁglrs ?S%/r@%rrg&% gldﬁsglﬁst ri S??%é\l g?éggﬁgyls 739
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select and drag a radial distribution control line 745 to _obtain a desired
r adi adiraetly ini theangle valve fighhT3kitke rapiipd dissgbutiongioatrel g 7hhadiysts toreflertide 745
's entered angle value. .
| The angular distribution display 741 presents a plot of wafer thickness around an
annular region of the wafer. A vertical scale of the angular distribution display 741 corresponds
to the wafer thickness value. A horizontal scale of the angular distribution display 741
corresponds to an angular distance (i.e., 0 degrees to 360 degrees) from a starting point about a
distribution center. Through the distribution select field 727, the user can choose to set the
distribution center at either the geometric center of the wafer or the center of mass of the wafer.-
Through the graphical distribution control 733, the user can select and drag an annular
distribution control line 743 to obtain a desired annular distribution radius for analysis. The
annular distribution control line 743 is defined to be radially adjusted about the distribution
center selected in the distribution select field 727. Alternatively, the user can directly enter a
- radius in the radius value field 729 to obtain a desired annular distribution for analysis. If the

annular distribution control line 743 is used, the corresponding radius is displayed in the radius



defined to pivot. about the distribution center selected in the
distribution select field 727. Alternatively, the user can directly enter
an angle in the anglelvalue field 731 to obtain a desired radial
distribution for analysis. If the rg ial distribution control line 745 is
used, the corresponding angle is d pl ayed in the angle value field 731.
If the angle value is entered directly in the angle value field 731, the
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val ue}lnglaamstﬁhlpﬁoylaﬁg@layl contgelst d'hgi vadipl rdistribution display 739 and the radial

distribution statistics area 703 are useful for cvaluatmg 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-uniformities at a constant distance 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 optio.n can be selected with
either the analysis select field 237 or the XSEM/profile icon 123. Upon selection of the
XSEM/profile aﬁalysis option, the GUI 10 displays an XSEM/profile area 801.

Figure 10 is an illustration showing an isolated view of the XSEWprofile area 801, in
accordance with one embodiment 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 profile picture



val ue 713, corresponding to a currently selected and di spl ayed radi al
distribution as established by the set of radial and angul ar distribution
di splay controls. Simlarly, the angular distribution statistics area 715
di spl ays a mean value 717, a 3-sigmggvalue 719 (i.e., three tines the
standard devi ation about the nmean), a range value 721 (i.e., difference
bet ween the maxi num val ue and the m ni mum value), a maxi rumvalue 723, and
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select field 817, the rotation select field 819, and the drift select field 821 to default values. A
remove XSEM button 829 is provided to allow the user to remove the currently displayed
picture from memory. A remove all button '83_1 is provided to allow the user to remove all
pictures currently stored in memory to be displayed in the XSEM/proﬁIé display area 803. A
show profile selection 833 is provided to allow the user to quickly show and remove a currently
selected profile picture. A show XSEM selection 835 is provided to allow the user to quickly
show and remove a currently selected XSEM picture. A show main axes selection 837 is
provided to allow the user to display and remove a horizontal axis 802 and a vertical axis 804
from the XSEM/profile display area §03.
A first calibration stider 809 and a second calibration slider 811 are used to calibrate a-
scale for measuring distances within the XSEM/profile display area 803. A calibration distance

select field 813 is provided to aflow the user to assign a value to a distance between the first

calibration slider 809 and the second calibration slider 811. After calibration, the user can



errors that may have occurred during a capture of the currently displayed
picture. Adrift select field 821 is provided to allow the user to correct
di stortions that may have occurred during a capture of the currently

di spl ayed picture. For exanple, the grift select field 821 is useful for
correcting distortion caused by staé novenent during el ectron beam
scanni ng when capturing the currently displayed picture. A horizontal
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and ag.;ahgi ith the series analysis icon 117. Upon selection of the series analysis option, the GUI
10 displays a series plot area 901. .

. Figure 12 is an illustration showing an isolated view of the series plot area 901, in
accordance with one embodiment of the present invention. As pr’eViously' discussed with respect
to the wafer collection management icon 115, a wafer collection represents a collection of
multiple data sets for a number of wafers that have a common pattern of data measurement
sites. Depending on the wafer processes run, the wafer collection could represent a process
library, a statistical process control (SPC) series, or a tool matchiﬁg seﬁés, among others. In the
process library, the collection of multiple data sets represents results in different process
conditions. In the SPC series, the collection of multiple data sets represents.results obtained for
the same process in the same tool at different times. In the tool matching series, the collection.

of multiple data sets represents results of the same process in different tools.



val ue between the straight-line distance direction and the horizontal and
vertical axes. The calcul ated distances displayed in the | abel area 806
correspond to the calibration established wusing the first calibration
slider 809, the second calibration s}l,,' der 811, and the calibration

di stance select field 813. Additionally, the user can drop a marker set of
lines at a desired location in the XSEM profile display area 803 by
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val ue wafer data set, a maxi mum val ue data set, and a m ninum value
set i 8 &9 walery authsasdes plet diselayH103e Jhic grapf stylel seleption 8T aofset @ divgldean be

di spl ﬁ")@ﬁg to QHQWQH@'L%% ?(9 $elect either a lines+circles format, a lines format, a circles format, or
‘a bars format for the series plot diéplay 903. Furthermore, the data source selection 911 offers a
drop-down menu to allow the user to select a group of data points for use in calculating the
| value selected in the quantity selection 909. In one embodiment, thé group of data points canlbe _
either all wafer data points, a spatial black region in the spatial statistics area 301, or a spatial
white region in the spatial statistics area 301. The spatial black and white regions in the spatial
. Statistics area 301 are described below with respect to the spatial statistics area 301.

A show control limits selection 931 is provided to allow the user to display a control
limit on the series plot display 903. A control limit selection 915 .offers the user a drop-down -
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.



The series plot area 901 displays information related to the currently

| oaded wafer collection. The series plot area 901 includes a series plot
di splay 903 of a nunber of data values 905 for each wafer in the wafer
collection. The series plot display.,903 is rendered according to a graph
style selection 907, a quantity sel@ tion 909, a data source selection 911,
and a series order selection 913. The series plot display 903 presents a
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I n one enbodi nment, the user can select a wafer fromthe series plot display
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waf er «dgt hiatfoPihal@id The WeaRBid-68¢d Hred ilderhigdad eiktintYoutward faydhé eritdreof
waf er di s?I ay wi ndow 215. The series plot area 901 also includes a series
st at | $b¢ wafegrte shogontrof hige SIS positiona (hedepter-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 1ocations_ (X;, vi) across a -
wafer defined by x2+y2 <= Rz, where R is the radius of the wafer. Whole wafer statistics are
based on inclilsion 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 incluéion 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—sigfn3 value 313 (i.e., three times

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



area 917 di splays a nmean value 919, a 3-sigma value 921 (i.e., three tines
the standard devi ation about the nean), a range value 923 (i.e

di fference between the nmaxi nrum val ue and the mni mumval ue), a maxi mum
val ue 925, and a m ni num val ue 927,_gorresponding to the currently |oaded
waf er collection and data source sel*€ction 911. Figure 13 is an
iIIustration showi ng an isol at ed vieM/of the spatial statistics area 301,
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sites included in the selected bl ack.region. The statistics presented
identifying the center of mass location of the wafer. 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 control 303 to a side-to-side control. The side-to-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



in the black region statistics area 309 are automatically recal cul ated as
the user adjusts the control line 335 defining the selected center-to-edge
area. The spatial statistics area 301 further includes a white region
statistics area 323. The white regipn statistics area 323 displays a nmean
val ue 325, a 3-sigma value 327 (i three times the standard deviation
about the nean), a range val ue 329 (i.e.,. difference between the maximm
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of pol ar coordi nates corresponding to the center of nmass of the wafer,
These operations are those requiring physical manipulation of physical quantities. Usually,

though not necessarily, these quantities take the form of electrical or magnetic signals capable

of being stored, transferred, 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 invention 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 activated 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 more convenient to
construct a more specialized apparatus to perform the.requircd 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



Figure 15 is an illustration show ng an isolated view of the spati al
statistics area 301 wth an annular spatial distribution selection, in
accordance with one enbodi nent of the present invention. In the enbeodi nent
of Figure 15, the annular spatial diggribution is selected in the spatial
distribution selection 305. Selection of the annular spatial distribution
changes the spatial control 303 to an annul ar control. The annul ar control
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referred to.in te{ such as producing, identifying, determ ning, or
conpari ng. 9‘%F“¥m@jﬁberatlons described herein that- form part of the

i nvention are useful nachine operations. The invention also relates to a
device or an apparatus for performng these operations. The apparatus nmay
be specially constructed for the required purposes, or it my be a
general.- purpose conputer selectively activated or configured by a conput er
program stored in the conputer. In particular, various general-purpose.
machi nes may be used with conmputer prograns witten in accordance with the
teachings herein, or it my be nore convenient to construct a nore
speci ali zed apparatus to performthe required operations. The invention can
al so be enbodi ed as conput er readabl e code on a conputer readable nedium
The conputer readable nmediumis any data storage device that can store data
whi ch 24 :



can be thereafter be read by a conputer system Exanples of the conputer
readabl e nmedi um include hard drives, network attached storage (NAS),
read-only menory, random access nenory, CD ROVs, CD-Rs, CD-RWs, magnetic
tapes, and other optical and non-optical data storage devices. The
conput er readable mediumcan al so be distributed over a network coupl ed
conputer systens so that the conputer readable code is stored and executed
in a distributed fashion. While this invention has been described in terns
of several_enbgdi ments, it will be appreciated that those skilled in the
art upon redarng the preceding specifications and studying the draw ngs
wll realize various alterations, additions, pernutations and equival ents
thereof. It 1is therefore intended that the present invention includes al

such alteratiors, ad¥igepitieal vsserimariece ofes  displayieguindalgeaphically gomfrollipgt hi n
the true L 0 ' ' at..ks_cl aj I.S; Al VB
1. Agr ap%igfg zanlénugg(rjm;&ﬁ? gﬁ? a%ngf;?% rﬂoglygjgéég% r%a\%}n%fngar%gp%{?%sgﬁﬁ?/ %g n?rlré %rlffﬁeng
sel e i on refeivirg rdataSuded t@NGn¢78e OGEIcp mpesle walermap ndaci€yiag easnifdrimgtyuser
interface 5 receiving data used to _generate a wafer pap, the wafer map

i dent i fyi mgolileghppwrfaseitlyat has besn cichod. the yperinfedasaremmisiizheen et ched, the

user interface LS Rt 0" AN el i j i i i : r
cerect ! ng. Sub. BiiRk S seial MM AcAbrfoRPRY L Akoitledb oBhlafith ORk LASIAleR!
t he surf acdth thhengubnipo profidd oDihe datfacd) dienapbapopalagen ddtartegigomntargrdied tegionaf er

that is legg th he. entire wafer surface, 10 enabling graphical

i dentifi c&??f&?nwﬁr'gmrlé Sﬁmﬁﬁg?tgeb"é‘ﬁris &Pcé’r spatial distribution option,
the yegi on bei RgafiR drishisdRdRRPhadd oNa daich uﬁﬁ? a?a&ﬂ!ui’éf'sﬁ&iﬂ%‘isfﬁ'ilﬁﬁioﬁor
the region, the nmetrics being automatically updated upon detecting a

change i n ophen,dharsigiondieingiiontliefsubavpdatiof dathieindegi on. 15 2. A graphi cal

user interface for displayi nd_qgr aphi cal ontrollin el i.on of
metri s to anayi PRt B B Psles FREA SoriRen Bl R, he
spati al didefeciilti tiigoRi fhepsaphedl [HRAtiRdktionBERregibaPe that overlaps the

sub- popul ati on data for analysis, and the annul ar shape is capabl e of
bei ng positioned to cause a change in the identified region. 20

15 2. A graphical user interface for displaying and graphically controlling
selection of metrics to analyze post process wafer surface areas 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 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.

25

4, A graphical user interface for displaying and graphically controlling
selection of metrics to analyze post process wafer surface areas 1, wherein one of the
spatial distribution options defines a circular shape, and the circular shape capable of
being dragged to different sizes to cause the change in the identified region.

30

5. A graphical usef interface for displaying and graphically controlling

selection of metrics to analyze post process wafer surface areas 1, further comprising:



3. A graphical user interface for displaying and graphically controlling
sel ection of netrics to anal yze post process wafer surface areas 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. 25 4. 5\ graphi cal user interface for

di spl ayi ng and graphically controlling Qel ection of metrics to anal yze
post process wafer surface areas 1, wherein one of the spatial

di stribution options _define ChI [. ngd. t i.fcul.ar e
capabl e of beﬁ)trr\%‘ggliggg% f%(:@?l} é%}ér%?zlrslg 9%59 %fglar@% stggf %’35'0 cekalﬁlég%?%%[)et e
identifi etheirgographicadly adjusted) i Calss-sStibnalrbedifons &yfdriggihs plcriss-Bertianal
graphically controlling selection of netrics to analyze post process wafer
surface ar®@ggoly ans adipHEent dppd NP grospeectignal Jogrtiny sausings shes ghanggnins Hie

anal yzi ng iHQﬁiﬁ‘é@fr@gtioﬁ’"%Bd the cross-section capable of being graphically

adj usted to new cross-sectional |ocations by dragging a cross-sectional
contr®l, an adjprssentng statistizalntee wponsietestog themalv drossadeitiomat bgationg t he change
inthe identified region; and 5 presenting statistical data upon detecting
the new cross-sectional location. 6. A graphical user interface for

di spl ayi ng and gr apfy cahhpicf00sdr Olrkdride ﬁ)?'(ﬁ%lhﬁﬁgoﬁnd@e{ﬂhﬁl&%ﬁ%hﬁge
post process wafer surface areas 1, further conprising:” “providing a

gr aphi cal selatiorodf thejrics ol anshyizagost preadbsavafensuréaca ackaah, Birthed comprisinge of 10

statistical distri.bution; and enabl n raphi cal. .adjust nent of .t he,radi al
varub. ang i he St & gepioa GRRRL IR SeREGH b SR AT plpad Nl

def i ng tsheistieheBistritu@idns f¢i on for the sub-popul ation data. 7. A conputer
i npl enented process for controlling and perform ng analysis 15 of wafer

nmeasur enent dateaablagngaplital divstrasit of iy radigh spibe ead thesangulan valupaibe radiple
hi cal i f gl . , t ] . subset of th
Snrer moas Rl MELLARF R ALR0 o igGRHR b Forifi SEIRPRR HBRE. ' o "

the waf er neasurenent data to create a set of analysis results; and 20

providing a display of the set of analysis results, the di stpl ay being,
presented in t ﬁg A computer implemented process for controiling and performing analysis

15 of wafer measurement data, comprising:

providing a graphical user interface, the graphical user interface providing a
control for selecting a subset of the wafer measurement data for analysis;
performing analysis of the subset of the wafer measurement data to create a set of
analysis results; and
20 providing 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 control for selecting the

25 subset of the wafer measurement data for analysis 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 the wafer measurement data for analysis.

0. A computer implemented process for controlling and performing analysis
30 of wafer measurement data as recited in claim 8, wherein the set of analysis results
includes a mean, a standard deviation about the mean, an range between a maximum value

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



graphi cal user interface. 8. A conputer inplenented process for controlling
and performng analysis of wafer neasurenent data as recited in claim?7,
wherein the control for selecting the 25 subset of the wafer measurenent
data for analysis is a cross-section selection control, the cross-section
selection control allow ng the wafer neg;urenent data across a di aneter of
a wafer to be selected as the subset of’the wafer nmeasurenent data for

anal ysis. 9. A conputer inplenmented process for controlling and perform ng
analysis 30 of wafer nmeasurenment data as recited in claim8, wherein the
set of analysis results includes a nean, a standard devi ati on about the
mean, an range lget wekRompuRK impleinéated pro@sl f@ donBrbling andl pegformlig amkistium
val ue, and the m ni num val ue. 27 10. A conputer jnplenented process for
cont rol | i Xy veader IBeasHisIHnh data Anropited ingtlais B eyheraindhe disalay of thessehefl #8lisised i n

claim 8§, L IS | ' a

gr aphi cal W%’??S:“gb;}&%? agéﬁa;‘dﬂé%gfeg la 1?’ ?'} e \kg%tg?ﬂ?rée‘g%fglﬁ%ﬁ %Iﬁgh%cqrct)bggﬁltehe 5
di anet er dfiamhdier afgthewafetl. A conputer inplenented process for controlling
and perform ng analysis of wafer neasurenent data as recited in claiml10,
wherein differing nmagnitudes within the subset of the wafer neasurenent

data are illustyatedy léﬁinﬁiﬁtepﬁﬁplglfrxeﬁteﬁ%%eé?&' &),nﬂfﬂﬂin% an@iq)eﬁ%ﬁﬁﬁ@ AiFBsacal e.
12. A conmputer inplenented process for controlling and perform ng anal ysis

of waf er méasiferenensurcdwnbdaisay weitedsinl dlaincl iwhefin differiog maghisudasnwithan theor
sel ecting the set .of the wafer, measurenent, data for .anal,ysis.is
ool coRhaEr ob e Hard mbARhEal"08 TR BN ohf o5 B sfals frfe
waf erg neaswdrbkdinadabik. across a radius of a wafer to be selected as the
subset of the wafer nmeasurenent data for analysis. 13. A conputer

i npl enented process for controlling and perform ng analysis of wafer

P “controllin ! fer
rosul 1o 20 | nifudeds Soppiry PR E Rocd b Ra bl Rl Bl B

bet ween a o:frmfammemlruﬁentarach & fﬁc?émﬁ!mclbglhu'ﬂ,wlﬁéiein;thxicmmlvﬁ:r Eelecmgdgﬁehe
m ni rum val ue. 14. A conputer inplenented process for controlling and
per f or m ngURssh Py theswatgr mgasuasment slata, florenalysaisa sdisl selecton rontralgihradal

whergj n t@@leﬁioﬁpé o‘l)fall?aﬁ%gtﬁ&a fer géa&?@hé?ﬁi(ﬁtar fc?bgstérddﬂ%l &sz?%va?erQBao%hi cal

di splay of the subset o er measurenent data
selected as the subset of the wafer measurement data for analysis.

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
20 includes a mean, a standard deviation about the mean, an range between a maximum value

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

14. A computer implemented process for controlling and performing analysis
of wafer measurement data as recited in claim 12, wherein the display of the set of
25 analysis results includes a graphical display of the subset of the wafer measurement data

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

monochrome scale.



across the radius of the wafer. 15. A conputer inplenented process for
controlling and perform ng analysis of wafer nmeasurenent data as recited
in claiml14, wherein differing nagnitudes within the 30 subset of the
waf er nmeasurenent data are illustrated using one of a color scale and a
nmonochrome scale. 28 16. A conputer ing enented process for controlling
and perform ng anal ysis of wafer neasur nt data as recited in claim?7,
wherein the control for selecting the subset of the wafer neasurenent data

for analysis isygan %{'gbﬁ#l %ﬁfeﬁ@d%?@ 9%01‘ dAfond ga&lldaﬂ EJP tflll% sis

control allowng th rerrent ta at a con tant bout 5
a center aff wafeafmessurendne daei mmﬁ.tedﬁn tctbﬁns’uhsmremfthé heanﬁﬂr sebatmg grent

data for Si s 17. A conputer, i enment ed proces controlling and
per f or ni naUE dhe wadhr %S@W%éé@%%@awa&sdse@ gy aféafepﬁa% eantrala e

wherein t Gﬁgﬁlﬁ% seddctiBh abmil %115@&4# the wafe’i“fﬂéﬂgﬁé?l@nt%?zpat aacgﬁét%mﬁ{t&c@% tion

about the nean, an range b a maxl num va a mninumva
the raxi mamenter a€a wafed t¢ beseidotsdnasithey aibset. of 18 wafer owpamtramerit ptadimeatabdis.
process for controlling and perform ng analysis of wafer neasurenent data
as recited in claim 16, wherein the display of the set of analysis results

i ncl udes a graphi cala dbsphtay iRpleinefted YR6&REs ﬂir éoh&omg%d;@?@%ﬁﬁ%ﬁlﬂﬁt a at

15 the constant distance about the center of the wafer A conputer
i mpl enent &f wfoc mwssurement stita of Irpaitgd dncelgiay 6y wherginathel sesiof anlysisarosuits

d
i tni -t navetiid s €5ahe i L o Dupe Sl Soledles bRt PRABAUHSRRS one

of aocol orang @@hi@iniie value,A0e AMARDEHRH QARIeSA/ tRe mfimufh ¢aa@uUt er i npl ement ed
process for controlling and perform ng analysis of wafer neasurenent data

as recited in claim?7, wherein the set of analysis results incl udes a set

of Gaussi an angl yS| é@&&%ﬁgﬁ@%@gﬁgg B AT-IS c%htr&fl?ybﬁflvﬁiﬁhn ent

25 data. 21. A conpu OoCess con Ing an per orm ng
anal ysi s offwafif efcasieanentedaentas daticedain claimh tiéd whergh ghend&playnbe e settdfe

di splay of the set.  of naI ults ncI des graphi cal displ of the
Gaussi an 2Ralp§s resultowghd gs aéﬁﬁﬁﬁﬁléﬁﬁﬁl%? S§b‘Pfa H)° Bafs s pewe t

reprigsent gglk Qhs@Bni\UbBEe BbubBE %entgla&{}hco{wvafep.e nunber of bars

19. A computer implemented process for controlling and performing analysis
of wafer measurement data as recited in claim 18, wherein differing magnitudes within the
subset of the wafer measurement data are illustrated using one of a color scale and a

20 monochrome scale,

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 the wafer measurement

25 data.

21. A computer implemented process for controlling and performing analysis
of wafer measurement data es recited in claim 20, wherein the display of the set of
analysis results includes a graphical display of the Gaussian analysis results, the graphical

30 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



representing a nunber of wafer measurenment data values within a varying
nunber of 29 standard devi ati ons about a nean val ue, the graphical display
further including an ideal Gaussian distribution plot based on the subset
of the wafer neasurenent data. 22. A conputer readable nedia containing
programinstructions for controlling 5 gnd perform ng anal ysis of wafer
nmeasur enment data, conprising: progranli% tructions for providing a

graphi cal user interface, the graphical user interface providing a control
for sel ect] ; e [ laysi S . JRI;O0gr am
instructigﬁgg?gfﬁggi'%?§$ﬂgqhﬁb yg@gggﬁéﬁﬁgﬁg%ngﬁﬁ.#ﬁﬁhgr@gﬁgﬁﬁz%dd&h
measur enerfaddimdispibatierplt base@bnalic aibadtySilse wafstinbssurenneht datagr am
instructions for providing a display of the set of analysis results, the

di spl ay being presented in the graphical user interface. 23. A conputer
readabl e nedi a ygont a{ pi j r k - 1

perform ng analzg'si sq%? 61\?}%%{&%%%2%{}1%%&6‘& g?ggg%%%aggﬁggg%dr# Sc a?orlﬁﬁggi,ﬁ%

wher €t n t had pedoriog ahadysis ef wafer mgasunement dstas canfiprisivee: waf er nmeasur enent dat a

for analysis is a cross- secti.on selection control,. the cross-section
Sl eot ton Cont EEETST BRYEIonh SRR, & L Hoer iatetfast B S hieel R¥rer of
a waf er tanlfa&ep@elidt: ascohit]l fPRRItAS at iBsalethe WHBS HcBiRAherdalat FRY

anal ysis. 20 24." A conputer readable nedia containing programinstructions
for contraiplysig and perforning analysis of wafer neasurement data as

recited in claim23. wherei.n the di ay of the set,of analysis results
i ncl udes a gr aﬁ)ﬁ?%%lp al?sgrblf;g?}lso?mt Wgr@%ﬁg‘ét aB?ly‘i;lﬁeo tP%rsu%ﬁ%aé%riﬁema Yat a
acr o t hendhs@abtar daef tolddeatiak@lof ardlydSresdit; @aput er readabl e nmedi a

contai ning programinstructions for controlling and gerfor m ng anal ysi s of
waf er nmeasur emPsraEt iastaictiont iferegravidieg 4 displey ofiHbe eeh of 1saalysis mesuls, ther

sel ecting #He, S l)(gag . r- data for analysis is a radi al
sel ection dzl:%n ropfgeérﬁ%f%egg?é gl;;helg??%% 11gon Jée(’)l al I owi ng the wafer

neasur enent -.data across 30 a radius of a wafer to be selected as the subset

of the wafer surenent data for analysis, 30
n%% A computer reada%le mediaycontainmg program instructions for controlling

15 and performing analysis of wafer measurement data as recited in claim 22, wherein the
control for selecting the subset of the wafer measurement data for analysis is a cross-
section selection control, the cross-section seclection control allowing the wafer
measurement data across a diameter of a wafer to be selected as the subset of the wafer

measurement data for analysis.

20
24. A computer readable media containing program instructions for controlling
and performing analysis of wafer measurement data as recited in claim 23, wherein the
display of the set of analysis results includes a graphical display of the subset of the wafer
measurement data across the diameter of the wafer.
25

25. A computer readable media containing program instructions for controlling
and performing analysis of wafer measurement data as recited in claim 22, wherein the
control for selecting the subset of the wafer measurement data for analysis is a radial
selection control, the radial selection control allowing the wafer measurement data across

30 a radius of a wafer to be selected as the subset of the wafer measurement data for analysis.



26. A conputer readable media containing programinstructions for
controlling and perform ng anal ysis of wafer neasurenent data as recited in
claim 25, wherein the display of the set of analysis results includes a
graphi cal display of the subset of the wafer neasurenent data across the
radius of the wafer. 5 27. A conputer readabl e nmedia containing program
instructions for controlling and perfo?&ing anal ysi s of wafer neasurenent
data as recited in claim?22, wherein the control for selecting the subset

of the wafer urerent data fgr. analysis.i.s an angul ar .selection...
Control, the argul arh SSRBAET BAddn Fiedie pTaitie grodet ey et s aoNings ot o
at a 10 condt@iforntingt AABRIsAPOWhfeR nfe@fifr@het data WRtRIted On BRI S5eGheftidshd he
subset of the wafer neasurenent data for analysis. 28. A conputer readable

nedi a contBimanef the sgrodmnalisis reselts twhidepr geaphicebdisplay of thegubsst pbiheiwaier
anal ysi s qf wafer. g&ﬁgg&g AL JRlA a8, Le&lted in claim 27, wherein the 15
di spl ay of ¥he set of- ana ysrs results 1'ncludes a graphical display of the
subses of the wafer neasurenment data at the constant di stance about the
center of the wafer. ) .. . . .
2 A computer readable media containing program instructions for controlling
and performing analysis of wafer measurement data as recited in claim 22, wherein the
control for selecting the subset of the wafer measurement data for analysis is an angular
selection control, the angular selection control allowing the wafer measurement data at a
10 constant distance about a center of a wafer to be selected as the subset of the wafer

measurement data for analysis.

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

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



