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Please see the TEA Systems note “Getting Started with TEA SysteRioducts” for this information.

You can download this article from:
http://www.teasystems.com/GettingStarted TEAproducts.pdf

Topics include:
1) First Product Installation, Product Upgrades & Reato
2) License Installation
3) Initial Data Loading for Importing of Raw Data awWkir Data Workbook formats
4) Graphic Interface for Focus Exposure Matrix (FEN)but Entry of Data
5) Working with Graphics and Plots
6) Data Culling Overview

7) Hardware and Software Requirements of the tool.

Note: Vector Raptor Analyses are directed toward ov  erlay and registration data. However, any form of
metrology data can be imported and analyzed. You can then use you own models to discover
process or tool-systematic responses in the data us ing the Vector Raptor model interface or Weir.

Easily analyze process response using Side-by<Sideparisoras well as Difference/Subtractiof any characterization or
performance data.
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Vector Raptor Matching

VR Matching® provides an interactive, graphic t@bl comparatively quantify and model changesiartLot or Intra-Lot
performance as well as process and tool stabilitpetrology data. Outputs consist of descriptivapipics, statistics and
reports that are stored in the data workbook.

With VR Matching you can see detailed results afcpiss and tool corrections that result from sousael as multiple tool
matching, lens heating, process alignment, post&xe bake (PEB) stability and alignment drift. WRtching allows the
engineer to:

Compare the performance of two or more scanneafirie designs, process coatings, recipes etc.
Also clearly measures single-scanner performanee time or across a single lot.
Compare two or more lots or datasets
Compare performance within a single, multi-wafetadat
Subtract a reference wafer or lot from a secondsdat
Subtract an average or selected field from a sedataket
Subtract a reference wafer or field from all wafiiekls within the same dataset
Save the subtracted data as a datasheet or a nivos@.

Model the difference-data using the Vector Raptan&in interface.

Tool, Process and Systems Matching
Process comparative evaluation
Improved Process Window setup, expansion, extengitirout using Process Window Models.

Film, alignment mark, proximity correction and enbament correction evaluation.

Start the program from the Windows Start Menu usiregVR Matching” key located in the TEA Vector
Raptor” submenu.

VR Matching can also be called from the Vector Rapiterface using either the “Tools/Matching” mesuthe
“Matching” button-bar icon.

Both raw data as well as data stored in the Weia Déorkbook format can be loaded into the interfaeo datasets must
be loaded to perform a matching comparison; thefRate, left side, and the Match, or right-sidéaskets. The same
dataset can be loaded as both reference and nateinget to examine stability across a wafer ar lot

The “File” menu contains the tools for loading both Refeecand Match data. A history of recently used diea fs
maintained for ease of access ant\arkspact menu selection will restore both data sets, Rafee & Matching, last used
as well as their display, data culling and analjeimats.

Data subtraction is conducted using the “Differénoterface. The “Reference” data is always sulirddrom the “Match”
data in the format:

Difference = Match — Reference
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Difference data can then be saved and loade AT IR RN
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Setufl menu. This interface also allow the
substrate size, notch location, die size as wel REHEE AL
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Use the Orientatiori’ tab to adjust the ) ) . . .
orientation of the Reference Data Set to the F19ure 1: VR Matching Menus & comparative display. Wafeofthe lot is

Matching data. This interface provides tools t used for the reference data and Wafers 2& 3 ar@ fiosecomparison

adjust both the wafer-notch as well as the
rotation of the data sites on the wafer.

Performance comparative matching is analyzed Inee# side-by-side comparison of the two datafigtege 1. Reference
data is always placed on the left side of the digpind the Match dataset is located on the riglet si

There are no direct reports generated by this coatiga analysis.

The data for each graphic or display can be vieavetsaved from within the Excel workspace by usireg‘Data/View
Data’ menu. Sub-sets of data can be viewed in spreatiébenat by boxing-in the area of the graphic wita left mouse-
button and selecting th®fsplay selected datanenu option from the pop-up menu.

The graph type and its format are specified in“®Plet Selectiohtab. Separate controls are provided for the Refee and
Matching data plots. Figure 2 shows the controhseg for the Reference graphic. Two command buttoedocated at the
top of the control area. The first of these buttdenes whether a full-wafer plot, as shown irufg 1, or a field-plot is
displayed. Clicking theWafet command button will change the plot and the ittditle to “Field”.

“Plot” button : Forces the plot to be recreated and displaydldeimssociated display window.

Graph Type Combo: The type of graphic is selected from the drop-deambo-control. Plots from this control include:

Comparative Matching Features - Page 3 -



Vector Raptor Matching

Selection Plot Type Display full-wafer
Vector - 2-dimension vector plots of overlay or fieldplot A :mcmmnd
and radial data color coded to vector Fio G Data Iookk b REF. 3% _OV_EX1i08
magnitude FaE dhetd | ©
Flotsslection || fuef: ASML_DV_D0 607505 | S0
1-dimension vector plots or single I
variable X-reg, Y-reg or any variable . : P
in the dataset as selected under the Graph L5 ectr =
Reference or Matching tab controls. Et;':"" =
Contour Contour graphic plots Vector scale nfplu:/
Radial X-Y data plots as a function of the radial in“nm” or “um” Include Statistics
distance of the measured point from the center
of the wafer or field. Figure 2: “Plot Selection” tab and the graph setup
controls
X-Y X-Y data plots as a function of the vertical (Yt
Vertical axis) location of the measured point relative to
the center of the wafer or field.
X-Y X-Y data plots as a function of the horizontal
Horizontal | (X-axis) location of the measured point relative Statistics Check Box Select to turn on the display of
to the center of the wafer or field. statistics with the data plot.

Scale Field defines the maximum vector or scale value
for the graphic. A zero setting allows the grapgbi@uto-scale. The graph can be rescaled anddeafiter creation by right-
clicking on the graphic to initialize the graph tedi

The reference and match lot data selection contireldocated in the second and third tabs of ttezface. Figure 3 presents
the controls used for the “Comparative Matchingtlafa files. The reference data tab will contairdemtical set of controls
however the feature, family and wafer entries véflect those found in the reference lot.

Plot Command: The ‘Plot’ command button will force a re-analysis and ptagtof the data.

Feature Selection:The most frequently used control on this pagbésfeatures drop-down selection combo. This control
defines the variable that will be used in the asialySince this example is an overlay data sefijrteentry of the control

will be “Vector” and the X-reg and Y-reg vectorstbé data will be analyzed. To see the individwafq@rmance of the X-reg
or Y-reg data simple select their variable namemfthe control.

The Features control will contain up to nine valéaldepending upon the variables contained in dtaset.

Family Selection: The ‘Family’ control provides a powerful comparitive tool fitie evaluation of process and design splits
by simply loading the same dataset into both refsgeand matching interface elements but seleciifeyehnt family
designations for reference and match datasets.

Feature families are defined on the “Sites” worlettwf the

dataset. Families allow different feature structisech as

overlay mark designs, film stacks, proximity, BARtckness
and via design to be differentiated in the datdyais The F“F, = ;" ’ ;: ;;" < "‘g“‘ow Hetis et
“Family’ check-box control provides a method of selecting _— -

Measared  FotSelection | Ret ASML_OV_EX1_050758 [ASML_OV_EXT_ 050705 | Dilterence |

sub-set of the analysis data based upon the desigponents Variable <[ Mdchna—_Pat |— PlotVariable
of the targets. \‘m | Variabé :*|"""_'_' Histogram
. . . . . Famiy reg -

The “Family’ data concept is discussed in greater depth in the F_ Ma [iog M [10000
“GettingStarted_TEAproducts” document referencethatstart . |
of this section LT T}'pe/ Measured ~ Data Culling based on

' diily) “Tafersin lot seleued\'gariable
Wafer Selection: The identification names of the wafers in Relsence Dala Max/Min value

";\|£|@ restriction

each metrology lot are presented in thiéefers check-box

control. Similar to the Family’ control, Intra-Lot comparatives Figure 3: “Matching” lot tab; data selection and control
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can be performed by loading the same dataset otto b
reference and matching interfaces and then defithiag
wafers to include for each analysis segment. Clngci
wafer-1D will result in that wafer being included the

analysis. : Teatl

Vechor Raphor - Matching - Feahure: reg (A1)
‘wiahers 22 X3, Araa Seleched( v |=l-87.2.-72 7] 1o (28.2.73.7)

[": Vector Raptar - Matching: Selected data, ..
Fila Edk Cata

a| & 3P §

- FeScale |

Culling by Variable Limit: 1 7 -
;
Semiconductor process data populations are alwigityh n:;
systematic and will be more tightly distributedrih@ould be =
anticipated by the Normal Distribution of a randeampling. .
Variations from this normal spread result from bisture 4 .
205 174 143 111 A0 48 A7 04 25 46 &7 B3 1139 150 182

acquisition and measurement problems of the megydiool
or poor feature definition of the process. Thisrekgeristic
provides a highly accurate method of data cullmg f
improved performance comparisons. Points that teefiam
the anticipated narrow population spread Data paiah be
culled based upon their distance from the medighef
measured population by using the “Variable Cullhirol set.

QR-13587 014 38 M -2M3 030811 Q4855
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Figure 4: Y-reg Variable histogram with population box
plot and quartile thresholds at the plot bottom.

Histogram: A graph of the selected is generated when theids&e” button is pressed as is shown in figur@dorly
measured data points will extend beyond the shdstaf the major population members.

The graph provides an easy method for determinatidine proper variable range limit selectionstfo control. A box-plot
at the top of the graphic defines the four quastiiéa proper distribution. These quartiles areiigel in the five threshold
settings displayed in the lower right of the grapds “Q0:” through “Q4”. Optical variable minimumé maximum values
can be selected from the Q0 and Q4 values or lyakvesxamination of the histogram itself.

Variable drop-down: This combo provides a selection tool for theioglivariable. Select the “None” setting to disathis
tool and any culling by variable.

Max:/ Min fields : These two fields define the maximum and minimdioveable extent of the data. The values of these
fields are set to the dataset maximum and minimalues when a variable name is selected from the&ablardrop-down
control. Entering a value closer to the mediarfMirvalue of the histogram box-plot, will result ithe exclusion of data
points outside of the envelope defined as:

Min <= Data Range <= Max.

Points Removed This field exhibits the total number of datamsiremoved during the analysis based upon thiegett
entered into theMin” and “Max’ fields.

Culling with the Mouse

Use the left-mouse button to box in a section gfgmaphic on the interface. A pop-up menu will agpand you will be
presented with options that allow you to view, dragull or restore the data points enveloped bybthe Data culling with
the mouse is discussed in greater depth in thetif@&tarted  TEAproducts” document referenced asthg of this section.

The reference data is plotted on the left sidefinterface, the matching data is on the righthEgraph can be edited by
right-clicking the graphic with the mouse and usiing pop-up interface editor described in the
“GettingStarted_ TEAproducts” document.

Additional controls are located in the button-bmgdted on the upper right of the
graph window and shown in figure 5. Discussiotofek for each button, left-to-

right on the bar:

Refresht  This will refresh the graphic without going ¢luigh the full calculation.
Any changes to variable, culling and other setujaip&ters will not be updated.

Clone: Creates a duplicate of the graphic and plotsd¢halts in a separate pop-

up window.

Expand: Expands the current graphic area across the win@ibe alternate

Comparative Matching Features

|8 F| 22 -]

k atching
=1 NRO7 =S

Figure 5: Button Bar graphic controls
located on upper-right corner of each
graphic display.
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graphic display is eclipsed by this graphic urité tExpand button is pressed a second time to reduce theetaris original
size.

Eye Dropper: Copies the current graphs characteristics suébraasize, scaling, vector range color key etce Hye-
Dropper consists of two buttons, the first eyedeygputton grabs the characteristics, and the seapplies the
characteristics to the graph. This eye droppesésiuo easily copy the graph scale and charaatsristthe other display
graph so that an easy comparison with equal scalingoe performed.
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VR Difference Matching provides an opportunity eeghe true effects of drift and changes to thegs® within a single or
across multiple datasets. Using this techniquecgrusee subtle changes in the process such as:

the true corrections to lot alignment made by aseamodel update,

tool improvements obtained after maintenance

or the influence of lens or reticle heating durexgended exposure of the lot.

In the Difference Matching analysis, the referedata, as set up in the Comparative Match interfiacgybtracted from the
match data. This implies that any data points rexdaw culled from the two data sets will not bduded in the analysis of

the difference.

File Edit Data Tools Help

@ NP F| O

Difference

Calculate | Difference

REF: ASML_OV_EX1_0507.XLS
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¢ Paoint-for-point
" Interpolate
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Figure 6: Difference Matching interface controls.

Difference Matching
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Data requirements are almost non-existent:
The substrates can be of different sizes.
Site measurement locations can be different aeid §izes can be different.
Grid-array shapes and die-layouts on the substeatalso be different.

If VR Difference Matching cannot find an exactlyresponding substrate and field location betweésreace and match
layouts then the analysis looks for the nearess sind interpolates the proper results using eglsurface modeling
techniques. This capability means that the engiocaereduce the reference data to one field or emerpoint in a field and
the matching data subtraction will continue witheuor while maintaining the greatest match acaourac

Match Difference reports are saved in the Matching Lot data workb@awkl entered into théridexX spreadsheet.

Worksheet Characteristics

MatchReport Summarizes the difference of the datasets andetio@ sontrols used. Statistics are
presented for each exposure, family and wafer shgttie Reference, Match and
Difference statistics. Match conditions such asidailing and exposure are also
detailed.

This report can be saved to other workbooks ongerriet “html” format report site using
the “File/Save As” commands native to Microsoft Elxc

Sample Report Section:

Family Focus Dose Feature Count Mean
Match BA-XY- 0.0000 0.0000 Xreg 969.0000 1.9356
NOM
Reference BA-XY- 0.0000 0.0000 Xreg 969.0000 1.6272
NOM
Difference  BA-XY- 0.0000 0.0000 Xreg 969.0000 0.3084
NOM

Difference(filenamg | Optional worksheet containing the difference Iaadd his data can then be loaded as a
sub-data sheet in the Vector Raptor or Weir Interfd he “filename” variable is the
name of the Match Lot so a lot with the name “XYalatill be saved to worksheet
“Difference(XYdata)”

Difference datacan be saved as either a data worksheet in thehivigt Lot data workbook or as a separate Differdrate
data workbook. This data can then be loaded inttdréRaptor or the Weir Wavefront Engineering ifaees for additional
modeling and analysis.

Referencing the controls shown for the interfacégare 6:
Calculate Command Begins the calculation of the difference lot.
Plot Command. Re-plots the difference graphs without re-caltioh of the difference lot.

Point-to-Point: Select this radio-button to force an exact-kitation correspondence for difference calculatiban exact
location cannot be found then the site data ignaoisferred to the difference lot.

Interpolate: If an exact site correspondence cannot be folied the reference data for the site is calculayeahddeling the
nearest neighbor values. A new reference lot coimgithe reference metrology signature but nowitas £orresponding to
the match-lot is created for the subtraction.
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Ignore Wafer ID: Check this box to allow the software to ignor&fev identification (Wafer ID) correspondence. If
unchecked, both the Match and Reference wafers nawst the same wafer identification.

Average Field Check this box to calculate an average referéintiefrom all of the fields of the reference Idthis average
field and its site values are then subtracted fitoermatch wafer.

Difference Control Frame

The controls in this frame, “Feature”, “GraphicStatistics”, “Scale” and “Wafer”, behave in fungctito those previously
described for the Matching Interface.

“Save As” Control Frame

These controls provide the ability to retain thietlence lot for further analysis. When saved #seeia worksheet or
workbook the data can later be loaded and modeleddditional analysis using Vector Raptor, Weir PMeir PSFM or
Microsoft Excel.

Save ResultsSelect this check-box to save the Differencedatt.
Current Workbook : Select this radio button to save the Differenogtb the current workbook.

New Workbook: When selected, the Difference Lot is saved int@a workbook using the name specified in the field
immediately below.

NOTE: The new workbook will be saved in the same di  rectory as the Match Lot data workbook.

A pop-up interface similar to that of figure 7
appears after the calculation is completed. This
interface contains the graphic, statistics and

[ Matc hing: ASML_OV_EX1_0507_Match - ASML_0V_tx1_o507_reF [ |[B1K]

summary data of the Difference Lot. Mo B Dot
. Clone

The interface will display only one graph if the & 3|®2 - 8
match lot contains only one substrate. If the [Dflesence]|30r2 | %r3 | Mean | Range |
match lot has more than one substrate, as in L ; |
figure 7, then the “Difference” tab contains the

. .. . Waclol A < Mal
graphlc and statistics for all wafers in the lot. A . Eﬂ_ﬁﬂﬂm_u%:lh;ﬂm
tab is added for each substrate of the lot and is Weclor 'Waless: T2, X3

named with the Wafer ID for the substrate. Each
single-wafer tab displays the associated graphic
and statistics for the individual wafer. Finally,
two additional tabs are then added containing
trend plots of the Range and Mean values of
each wafer in the lot.

Button Bar

Controls on the button bar allow the screen or
graphic to be copied to the clipboard. Data
shown on the graph can also be viewed in a
spreadsheet format and the eyedropper icons caf
be used to copy and paste the graph’s scale and
axis sizes to other graphs in the display.

A “Cloné’ button will copy the entire interface
to another pop-up window allowing side-by-side
comparison of the graphs. This is an especially
useful tool when comparing individual wafer
graphics.

Sealedurn] 45 rem ——

Figure 7: Difference Lot output graphics interface for ataubstrate
match lot where “XY2" and “XY3" are the Wafer IDfsr the lot.
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Figure 8: Two scanner datasets exhibiting different wafet Figure 9: Resulting “Match Difference” plots for interpoéat
layouts and site locations that are to be usedrior data.
“Interpolated” difference match analysis.

Interpolated datasets can operate with referenderetch-lots that exhibit differing wafer size |fiesize and site locations
as shown in figure 8. In this figure the referedega for both the wafer and field layout valuessdrewn on the left side and
the matching dataset is shown on the right side.

When a Difference Match calculation is run, thelgsia will be displayed in a pop-up window as shawrigure 9. Since
we are interested in viewing the match-data withriference removed, the wafer and field layoulisfaliow those of the
matching dataset as shown in figure 9.

Notice the tnterpolated Referenééab that is now added to the analysis. Sincanterpolated reference data cannot be
directly viewed in the original interface, this tatovides the missing information by displaying teéerence dataset as
interpolated onto the site and wafer layout ofMach Lot.

Similar to the point-for-point analysis previougfoeemed, if the Interpolated Difference match lashmore than one wafer
then there will be extra tabs containing plotsefach individual wafer as well as the Mean and Raregel plots.
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Data Input: A single overlay data file with some sites extiily poor metrology.

Analysis: Examine the variation field-to-field across thafer. lllustrate methods of data culling so thatneiegy and setup
errors are removed and the true process respondeecaxamined.

Data file: Nikon_raw_data-fullpgm49pt.XLS
Raw Data Configuration

An overlay data set is shown in Figure 10. Themeptot in the top of the figure clearly shows sosites that exhibit poor
metrology and the resulting large offset in the véay values in the statistics.

The bottom plots of figure 10 show one-dimensioralable variation for the X-reg (left plot) andrég (right plot) data
points. X-reg values exhibit a maximum value of i3, as reported on the “Scale” key on the bottéthe figure, with the
majority of the data values ranging between 0.0-@rium as shown in the color bar-code key locatéhe lower right.

Wechor Raplor « Matching
Fel: [Haon_sav_data-fullagmdpt 5
Wisghor

K_reg  Y_reg
Conrt 14 1420
Mesn 004 008
Medan 033 007
SEM o) 000
M airam 1.0 000
Mitam 052 015
Range 222 0I5
Stihev 011 002
MeaneI5igma  0.3899 01067

T Wecho Flaptor - Malching 1
Ref: Nkon_raw_data-fullpgrd9pt LS
#reg

Ul 'i. toe Rapth - Matching
Fet: Mikp_raw_datadullpgmdSpt <15
208 "

Scals{um) D10 pm —

2. 8 l I:lg*

L | - -
"‘f.c‘iti.: L]

-
« comt <
- - - P

Scale(um]: 1.30 pm — 01 Sealefum}: 0.148 pm — 01
Figure 10: Data array showing:
Top: XY vector plot of raw data input.

Bottom Left: X-reg vector plot of single variable
Bottom Right:  Y-reg vector plot of data
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Y-reg values are more uniformly distributed as sham Vector Raptor - Malching - Feature: . teg Al
the right-hand plot. Walers:2, Area Selectedt )= 91.7.80.4)to (321,804)
. . . . ...........:..:..:..:-l.'n:'.:i:::::::::::
The analysis will require two levels of data cuglin B0
1. Both Reference and Match data must remove the
large X-reg data metrology errors. a0 4 %eg
2. The field in the center of the wafer is the 0 gusc-
exposure that is least subject to cross-wafer and . I
wafer-edge process variation. The Reference data -4
will therefore be culled to remove all but the data 40
located on the center field. 50
. . —— o
Culling by X-reg Variable Range 0W 0% 0H 0% 05 04 015 010 0065 0 06 010 015 02
Use the left mouse-button to box-in the vector plot Variable |
figure 10. Select a histogram plot from the popmgnu to
view the graphic of figure 11. X Ieg :I'
The Histogram in the upper half of Figure 11 shbwath Max II].'1 Min I-I].TEIU
X-reg and Y-reg variables with very similar major .
populations extending from -0.1 to approximately Gm. Points Removed |29

The box-plot figures at the top and bottom of the
histograms confirm this distribution. Some X-regeda
extends as down below -0.4 um but the extreme pairg Figure 11:Upper. X-reg & Y-reg histogram of raw data
not shown in the X-axis scale range. Lower: Variable rangeulling setting that
removes 29 data points.

Based on the histogram data, the Variable Range Cul
settings are selected in the Variable Cull frame emtered as shown in the lower half of figure Sdbsequent plotting of
the match or reference data shows that a totad afs2a sites are removed. Since the same datadsdanto both the
reference and matching sections, these range alukks should be entered into both interfaces t@verthe poor metrology
points.

Culling User-Selected Sites Using the Mouse

Next we need to remove all but the data pointsaatd with the center field on the wafer. Redadittthis field will be the
one that is least influenced by process and grghalent. If we remove this field, we can then sexpss variations across
the wafer/substrate. Two steps in the field-rerheeguence are shown in figure 12.

The general procedure is to drag the left moustsbubd box in all data points we want to remove #rah select the “Cull
selected data points” pop-up menu option to renaveoints in the box. The status bar at the befttom of the interface
will indicate the number of points removed eachetim

274 Step Data Cull Final Reference Data

Figure 12: Left: After removing the data points above, the mdesused to box-in the fields to the left.
Right: Final Reference data field left after cullingfalds but the center field.

- Page 12 - Application Examples



Vector Raptor Matching

Note: Any data points culled by this method can be easily restored by once again boxing in an area
of the wafer and then selecting “Restore culled dat  a in the selection” from the pop-up menu.

In our example we chose to first box-in and remiheefields located above the center-field. TAesgep, shown on the left
side of figure 12, next removed the data pointhéoleft of the center field. Finally, two box meuselections, below and to
the right of the field, resulted in all data benegnoved except for those data points on the referdats center field as
shown in the right side graphic of figure 12.

Our reference lot is now ready and to be removeih fthe Match Lot as shown in Figure 13. The refeedot now contains

Fila Edt Data Jools Help REF: hikon_raw_data-fullporopt. 05 DU Bk _rawi_dsta-fullpornd 9pt 205
2@ nlPe | @

PlotSsaction | et Mian_raw_data-fllpomdSpts | Nikon_rsw_dats-hulpomdSpe L5 | Difecence '| Cireraation |

Difference
Calculate Difeserce ‘o alee Flot f Save As.
Dillacence Caleidsbion Fealise - [~ Save Feuks
& Pomi-forpor Giraphic -
 Intempalste peris e
F Siatistics ¢ Seals| g =N

T Awesage Fisld |

[Flelerence Duata ’\.:'"Em g_; Malch Dats !‘h\ﬂm g_j
Walon Faphor - Matchrsg Wechor Raptol - Matching
Fed, Mikon_iaw_dale-fullpgnd3pt XS Malch: Nioon_raw_datariullpgmd 3pt L5
Wectol Vechos
_peg W_teg Woreg  Y_reg
Count 48 43 1451 1451
Mean  D0514  (U05EE 0048 D055
Medan 00643 00633 0003 0057
SEM OO0 Qo3 0000 000p
Maamen 00276 000343 0.0 10.000
Miwmm 000021 Qo042 00% 0114
Rarge  DO74S  DO0ESH 01Ey 04
Sihey  DUN3T OM2S amy  0ms
Mesr+3Sigma 0052461 005287 Mean+3Sigma 00FEE 010024

Scals|un] 00857 pm —

Scaledum} 0073 ym — an

Figure 13: Reference & Match data ready for Difference Mataltglation
48 active data points in the center field and tredi Lot has had all poor metrology removed.

Since both lots have the same field-site spacimg¢an use thePoint-for-Point” difference calculation without
Interpolation. An analysis similar to this could@lhave been performed without data culling by kimecthe ‘Average

Field” control. Since we do not want our data to beueficed by larger edge-wafer excursions, we haveadslecided to
not use the site-averaging method.

Notice that the reference field in this case hassite removed by the range-cull feature. In a tfoinPoint difference, the
final difference lot will there have only 48 poirger field rather than the full 49 sites of thegoral layout.

We now wish to create a “Vector” plot of the X-Y &ter (X-reg,Y-reg) difference and show the resgjtitatistics. To do
this we allow the analysis to auto-scale by settiregScale field value to “0” and checking the t&tics” box.

Note that we have chosen not to save the resulting difference data by removing the “Save Results”
check mark.

Press the Calculate’ command to create the difference plot of figude 1
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Figure 14: Results of the Difference Calculation
Left Plot: Whole wafer vector plot showing variation acrtss wafer.
Upper Right:  Collapsed field plot of vectors plotted at thigtd-site location.
Lower Right:  Histogram of X & Y overlay variation across thafer.

Results of the Difference Calculation

The wafer vector plot of figure 14 illustrates thiferences seen across the wafer. Notice that) thaugh it is partially
hidden, the center field vectors are of zero lengtk will address this with greater clarity below.

The actual data for the follow plots can be seen in spreadsheet format by selecting the “Data/View
Data” menu command.

First observations suggest that the while someviddal data points are seen as larger vectors aphitag 0.05 um in size,
most of the noise appears to be associated widssithe field variation. There is very little sugtien of across-wafer
systematic variation.

The field-vector plot in the upper right illustratthis across-exposure variation. Recall that thfemcenter field values
were removed from every field on the wafer. Yetwheation across each row of the field-vector gloggests a noise
signature that is very systematic. The histogratheffigure also shows the near Gaussian or ramtistnbution of the
majority of the data points with excursions extegdoff to the positive values of overlay error.

This across field signature cannot be a lens or reticle related prdm since the center field was removed.
The variation is therefore represents the basic overlay capability lihof the exposure tool due to across
reticle scan noise.

Notice that the full wafer overlay range of Figdiis (X,Y) = (0.187, 0.114) um. The across-wagerge of difference
variation seen in Figure 14 is (0.175, 0.137) uggesting the very little of the variation is dudeas/reticle problems. Scan
noise, particularly at the extremities of the kfte of the field, are the limiting the capabilitithis exposure tool.
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Figure 15: Difference Data plot of variation acrosghe center row of Field Sites

Examination of Reticle Stage Scan Noise

Variation across the center row of the field extsilai base noise-signature for the reticle scare st stage varies about
zero with the extremities being greatest near tlgee as shown in Figure 15. To generate this phitfflot the Difference
Lot onto a Field-Vector plot as shown on the rigie of figure 15. Next use the left mouse-buttobdax in the center field
row of data as outlined in the red box on the sploe Finally choose the “Plot Selected Data/ XYa@n as Columns” menu
selection from the pop-up menu.

We added two red lines that plot the path of eadleld-location’s median X & Y data population. B this:
Right click the XY graph of Figure 15 and the Grdgditor interface will appear.
Check the Box-Plot field on the “Chart Options” tabgenerate a series of box plots.
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Figure 16: Variation of slit overlay écro-ss wafer.
An X-axis stepping of 13.5 mm was usedhow field center and edges for the 26.5 mm Xsiie.
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After plotting, next select the “Contour Profilesiid “50% median” series check boxes and click tapty”
button.

Turn off the box plots by un-checking the “Box-Ploheck box.

The two red lines plot the course of the mediam¥ ¥ overlay error vales for each site on the fied. This is essentially
the amount of overlay scan noise present in theece the field as the reticle is exposed in bsthn directions and across
the wafer. The X and Y axis overlay values clogedgk each other never varying by more than 10 xcet at the extreme
left hand position on the slit where we see a siiffierence of close to 20 nm at -12 mm from fie&hter.

Slit Scan Noise across the Wafer

We next examine the field noise variation acrossftitl wafer as shown in Figure 16. To create gneph:
First plot a wafer-vector plot of the Differencetlaoportion of which is shown in the lower plotki§ure 16.
Use the left mouse-button to box in, as shown keyréd box, the center row of data sites on the plot
Select the “Plot Selected Data/ XY Graph as Cokihnmenu selection from the pop-up menu.

Finally right-click the XY graph and turn on thed@nect” check boxes for the X and Y series dataaatjdst the
stepping and range of the graph axes.

First note that the sites of the center field, ‘waference” field, are all set to zero becauséhefgubtraction. The left-most
die on the wafer has the greatest variation dstage leveling. Every other field, starting witle fleft-most exposure on the
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Figure 17: Variation of X & Y overlay as a function of Radialstance from Wafer Center

wafer, exhibits a high tilt or slope across the Sonversely the™ and &' fields show no tilt but a characteristic “W” patte
to the slit. The % field is represented by the reference die so wdtset to zero. This alternating variation suggesscan
direction dependence of the overlay errors thagjgeeate the normal scan noise seen across the die.

Radial Variation across the Substrate

Select the “Radial” entry from the “Graphic” combentrol of the interface to generate the graphigéife 17. The graph has
been enhanced by setting the axes and addingdr fitted curves to the graph using the gragitoe Two
observations can be quickly made from this plot:

The points located < 12 mm from the wafer centeradirzero in value thus representing the referédiete located
at the center of the wafer.

The variation at the wafer edge position greatent®0 mm is significantly different than those o interior dice.
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In this application, VR Matching is used to determhe why an ASML FOCAL®* correction did not optimize an
immersion scanners focus uniformity. FOCAL metrolgy data was taken by the system prior to the corr¢ion

for both the pre-alignment and post-alignment chuck. FOCAL then optimized the focus and a ¥ data set was
gathered. Overall focus median values were found tonprove but the scanner still exhibited unexplaind large
focus errors.

VR Matching was used to import and analyze both befre and after-correction data sets in an attempt tdind the
cause and correct this poor performance. VR Matchig found that while FOCAL improved the focus at thefield
edges, the center of the exposure and therefore tbeerall uniformity degraded.

To determine the true source of the error, VR Matclng next applied the Difference Calculator to detemine the
difference in performance between the pre-alignmentand exposure chucks. Finally, comparisons of scaan
performance both before and after FOCAL correctionswere made. This last analysis allowed VR Matchingp
extract the exact correction-reaction of the optichtrain. The correction model used by FOCAL was foad to be
in error. A simple edge-field correction of the sca-stage would have resulted in a significant improement of
performance.

Raw Data Configuration

Data Input: Two FOCAL data sets _ i
measured by the scanner tool. Best Reef: FODSC_Focalimmersion_1st5et <5

de-Hlren] dz

Focus for both chucks plus the stage- Vegto Couri ['E}L '"ﬂ,f
precision data has been imported. Hi-'l;a-m gg .33

ECEN =
Analysis: Examine across field focus Stage HaﬂanmH 13-2 133
uniformity for the tool prior to Precizian i 169 51
FOCAL® optimization. Chuck :l;aggc 2;.? 3;}

D ey ) r

performance is determined and the
source of overall performance
degradation is calculated. Next the
data taken by FOCAL after correction
is analyzed. The performance after
correction is shown to have improved
center-field performance but also

Mear+3Sgma 20384 25280

1 &l
w

| FulFisld__Chock_2

resulted in a greater range in overall ] StagePracision
full-field focus error. The Before & Best Focus for 6

After data sets are then subtracted to ~ Chuck #1 & #2 10

calculate the corrections actually _ Scailiami 10nm = _
applied to the tool by FOCAL®. Figure 18: FOCAL® Data Layout before corrections

Data files. FODSC_Focallmmersion_1stSet.XLS
FODSC_Focallmmersion_2ndSet.XLS

FOCAL® Data General Layout: Before Correction

An ASML Focal Analysis was performed on an immemnsicanner. The metrology is converted from redistmadata to
three distinct sets of focus data. The focus dataists of full field, or “Best Focus”, for eactasmer chuck, and a second
focus set of focus stage-precision data.

The two sets of “Scanner Chuck” data comprise diétte measured focus uniformity on the pre-alignthchuck (“Chuck
1”) and the field exposure chuck (“Chuck 2").

! Registered Trademark of ASML Inc. http:://www.ASML.com
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VR Matching imports this data as recorded by metyglbut the Stage Precision data is condenseditmée field on the
wafer for convenience as shown in figure 18. Tha déaidentified by the software as three famiisshown in the
“Family” checkbox from the interface in the lowéglrt side of the figure.

We will examine only the Best Focus data in theaisher of this analysis. Statistics shown in figli®include not only the
chuck-response but also the stage precision numbers

Performance Variation between Wafer Stages

Figure 19 illustrates both the method and dataggathfor the focus data before correction. The sdee set,
"FODSC_Focallmmersion_1stSet.XL,Svas loaded into the Reference and the Matchitegfaces. The “Before
Correction” “Family” check box was used to resttioe reference data to only that measured on ciil@s shown in the top
half of Figure 19. Similarly the matching data simow the bottom half of the figure presented theufouniformity of the
second chuck.

Note that the focus ranges and standard deviatidvoth stages is rather large but very repeatablbdth chuck #1 and
chuck #2. The average focus value between the inoks is about -5 nm lower on chuck #2. The soafdhe large range

in focus values becomes apparent if the vectorgaldield graphs are observed. Chuck-to-chuck whfiees, other than the 5
nm offset, are easily seen. The major varianchigdata is caused by the left-most site-columiooiis data with some
lesser but still strong contribution from that e tight side of the field. The field uniformity thout these edge-columns is
much more uniform across the majority of the fielghosure’s center area. This response suggesthéhspurce of the
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Figure 19: Chuck #1 (top) compared to Chuck #2 (badom).
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Figure 20: Focus uniformity Before (top) and After(Bottom) correction. Data shown overlays chuck 1 &.
Histograms represent data exclusive of the left-ardght most focus columns illustrating the superior
performance of the tool prior to FOCAL correction across field center.

focus error may in fact be aperture vignettinghef scan-slit but the more likely cause is the htiitn of the FOCAL sensor
array, which is results in poor metrology at th&exities of the scan slit.

FOCAL however does not have the capability of nogiche field-location based source of variance sintply chose to
correct the overall field focus in an attempt toimiize the variance. This resulted in a minimizatdd the errors for the
field edge while moving the corresponding erroweslinto field center as is shown in figure 20. @btial mechanism for
this will be shown in the Difference measurememtwdation presented later in this section.

Performance after focus correction

Figure 20 plots the focus uniformity across eaeldffor both before and after focus correctiontomcanner. Each field
displays both chuck #1 & #2 data. Therefore, edehos the field displays two vector focus valugsaling on each plot has
been set to 10 nm for each comparison. Scalingfiwad by right-clicking the image to use the plditer.

The mean focus value on the corrected field heteshilown to values about 4 nm more negative ingoX and Y focus
means are closer than before the correction Huextiibit the significant shift. Unfortunately thange of focus values
across the field has significantly risen after eotion as has the variance. So while the focusection improved the
difference between X and Y average values thefiel- range and variance has degraded. This effieébcus becomes
apparent if the two columns of sites located at X242 mm from field center are excluded and plotiachistograms as
shown in the figure. Quite clearly the before-coti@n spread of focus has been degraded and willtran greater critical
feature variation across the exposure field infigld-center critical areas.
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Figure 21: Across-slit focus uniformity before (Jdp after (bottom) correction.

Examination of the after-correction field in thever half of figure 20 reveals both a general filthe field resulting in over
10 nm of variance from upper left to lower rightsé notice the chuck-to-chuck variation betweerufoeectors in the upper
left quadrant of the exposure.

We can investigate this across-field variation wgitbater detail by using the left mouse-buttonds im the center row of
data in each field plot to obtain response cormadp to focus uniformity across the field-centiérlecation. Generate the
graphs of figure 21 by selecting the XY Plot frdme pop-up menu that appears when the button ésllift

Chuck #1 X & Y focus values are plotted as cirdétethese plots while the Chuck #2 data are displagfilled squares. X-
focus corresponds to the focus variation seen égtiges of a vertically-oriented feature and isetfoze called “dz-V” by
the metrology. Similarly “dz-H” will sometimes balied the Y focus value. Variable names are didtatethe user
metrology rather than Vector Raptor.

The offset in average focus and field-center-sippiovement in focus range resulting from the faoysrovement is easily
seen in figure 21. Also notice that the chuck-##2splitting has been removed.

Examining field response on the graphs on the sgle of figure 21 for the row located at +10 mmoabfield center we
now increase the plot scales to almost double thbdee field center. This graph cleannrly showes degradation in
performance resulting from the correction.
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Difference Measurement of the FOCAL Correction Applied

We next select the “Difference” tab in the vecimptor interface. The “before correction” data isdias the reference and
subtracted from the ‘after correction” data. Nauattlata culling is needed except for the remot#he precision focal data
family. To calculate the data we selected a theritPfor-point” subtraction option and the pressked tCalculate” command
button. The results, representing the focus chaageally made to the tool, are shown in figuresad 23.

Feature Count/Mean Median SEM Maximum Minimum Range StDev Mean+3Sigma

Match dz-H[nm] a1 753 474|056 747 -16.95 2441 539 2374
Reference dz-H[nm] 91 23 L.41 0.47 10.61 S11.430 2204 451 16.35
Difference dz-H[nm] a1 477 218023 3.83 832 1225 214 11.22
Match dz-[nm] 91 £.46 0.21] 0.81 18.51 -15.100 3061 772 2863
Reference dz-'/[nm] 91 -1 475/ 0.74 19.04 S84 2889 Y02 217
Difference dz-'/[nm] 91 535 253/ 0.2 3.49 536 1285 208 11.61

Figure 22: Vector Raptor Match Report for correction added by the FOCAL software

The matching report shown in Figure 22 illustratesmean -5 nm shift imparted by the correctiore dterall correction
range of values added removed a 12 nm spread wévalith only 0.6 nm of difference between X andorrection values.
However the vector plot of figure 23 is more instireg since the source of the focus-error signadaan in the bottom plot
of figure 20 now becomes apparent.

Figure 23 clearly shows the induced field tilt. Tdarel distortion layout of the plot was used dorect for the error
contributed by the high focus errors seen in ttesdbcated at the field edges, +/- 12 mm frodd feenter. If the -12 mm
left-hand site-column data is closely examined cene see that the correction tracked the genenahsige of the columns
focus error going from high values at the top &f tolumn at the top of the exposure to small valiés opposite sign at the
bottom. Examine the top plot of figure 20 in conipan with that of figure 23 to see this signatitewever the large values
of this column’s distortions were not damped quiakhough as the focus moved to those located ndereenter of the
field.

The overall effect of the FOCAL correction was éduce the focus errors at the extremities of tld fivhile increasing
focus non-uniformity, and therefore increasingicait feature dimensional nonuniformity, in the fielenter.

Difference between chuck #1 & Chuck #2
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Figure 23: VR Matching Difference plot showing corections added by the FOCAL software.
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VR Matching is used to comparatively evaluate the process perfmance of six BARC layers from two
vendors and a bare “NoBARC” layer. The target is an 80 nm, demsline structure with 1:1 loading. A
CD-SEM has been used to measure Bottom Critical Dimere (BCD) data and operators visually
confirmed the number of standing and collapsed line-pair@across the focus exposure (FEM) matrix.
One data point per exposure-field is measured.

The analysis first performs a comparative analysis to visuatlexamine the Process Window using color
coded limit definitions for both BCD and Collapsed featurs. Next the features are filtered to include
only those within the Process Window defined space and gpermance of each BARC film is again
compared.

A final and highly sensitive response analysis, that allowsot only Process Window size but also
robustness of the process films to exposure variation withithe window, is performed using VR
Difference matching.
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Figure 24: Exposure Dose and Focus Matrix values skvn from the Weir Main interface layout.

Data Input: Seven datasets, representing CD-SEM metrologyxdARC and one bare wafer layer, are combinéal én
single data analysis workbook for VR Matching.

Analysis: Determine the optimal BARC film for an 80 nm pess from six vendor samples.
Data file: Weir_Process_BARC.XLS
Raw Data Configuration

Seven wafers were exposed. One wafer was procesgedit an anti-reflection coating and each of thmaining six wafers
was coated with a different commercial Bottom ARé&flection Coating (BARC). The objective of the lys&s was to
competitively compare Process Window and perforrearfeach commercial BARC.
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Figure 25: Bottom Critical Dimension (BCD) SEM Meaurements for all seven wafers

Color bar-code has been set to 80 nm +/- 10% rangé grocess window
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Figure 26: “Collapsed Line” settings for seven BARCWVafers.

Each wafer contained a focus-exposure matrix dfedefeatures as shown in figure 24. The wafers weveess identically
with the exception of the BARC layer. One nestéel af 80 nm features was measured on each expfisigreT he features
were measured using a commercial CD-SEM. The dbgeatas to determine the most robust BARC coatiyngieasuring

the extent of a +/-10% Process Window of Bottonti€l Dimensions (CDs). Since the sites were ableet viewed by the
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CD-SEM, the operator also recorded the numberatififes that were resolved in the line-space pgiohnting the number
of profiles standing from 1 to a maximum of 7 peaks

Data was assembled into one lot of seven waferthisanalysis. Assembly was simple since the ingub€D-SEM data of
Vector-Raptor could be easily copied and pastemlamnaster Weir Workbook. Each BARC coating hedesignated using
the Wafer ID for the dataset.

A total of 836 measurements for the seven wafedssigayed in figure 25. The process target si0iam with a +/-10%
Process Window. Process Window visualization heenhanced by right clicking the graphic and sgttive bar-code range
key to the 72 to 88 nm settings shown in the figimey exposure-site that is not dark blue or despwill be within the
Process Window.

Features included nested pairs of seven line-gpaxdies. This data was also gathered by the SE®tatpr and manually
entered into the Weir data using the FEM Formabedif Weir. Figure 26 displays the number of stagdines in the
exposure data with values that range from 1 tqveenting the number of well defined and stantingspace pairs.

Vector Raptor was able to use the “Collapse” vdgias a data-culling tool by setting the featur@smmum threshold to 3
lines and therefore excluding poor exposures ogtsfdhe process definition.

The Process Window response of any two BARC casiis can be easily compared using the VR Matcisnghown in
Figure 27. This method is much more direct tharctiraplexity of adding in a classic Process Windoalgsis and
visualization of the process response as well@sliservation of poor metrology points is supeigozlassic methods since
the analysis is not dependant upon a complex patjedanodel interpretation. Finally, although thista has only one point
per exposure field, the same plot could have begiay/ed on a mult-field-site analysis of the en@sgosure field’s
Process Window response thereby incorporatingntheeince of lens aberrations and edge-field effects

Visualization in figure 27 used the Color-Bar Keyhielp in determining the Process Window extene tiser could also
have used the Variable Culling tool to set the BsgsdVindows maximum and minimum values therebyieéitmg “out-of-
specification” metrology points.

The areas of figure 27 that are not deep red @ thafine the process window. Placing the procegesKe at the center of
the window is as simple as either selecting thesue site on the graph or using the mouse to e desired process
space and viewing the resulting box-enclosed dataltie advantage of using a BARC coating in tleegss is clearly seen
in this data since the Process Window of the nglttor plot of Figure 27 is much greater than tifahe bare wafer.

Wector Raptor - Matching Wector Baptor - Matching
Fief: Weir_Process BARCXLS Match: wWeir_Process BARC LS

Bottorn Graph of: MoBARC Bottorn Graph of, Expod0730

2.
a4,
al.
7B.

Scale(um] 883.0 pm = 2 Szalefum]: 83.0 pm —

Figure 27: Wafer without BARC (left) compared to wafer with Expo4073[ BARC.

72
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Difference Comparison of BARC Process Windows

“Wector Raptar - Matching “ector Raptar - Matching
Ref: Weir_Process BARCXLS Match: Weir_Process BARCxLS
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Figure 28: Difference Comparison Setup
EXP0O4008 BARC (Left) as “Reference” compared with emaining six BARC responses (Right).

The Expo4008 BARC was selected, by visual companising the comparative display method of the puevisection, as a
film exhibiting one of the largest Process Wind@sponses. Figure 28 displays the Reference d&tapm4008 in
comparison with the remaining six film responses thill comprise the “Matching” lot. Once again thar-key coding in
this figure is set to the limits of the desired ¢&&ss Window of 80 nm +/- 10% allowing both the sxcWindow as well as
the remaining well-defined, but out-of-specificatjdine-space pairs to be viewed. Selections werbopmed by loading the
same data lot into both Reference and Matchinghggcts. Individual films for each were then sedectising the “Wafer

ID” checkbox. VR Matching can now be used in th&&ence Calculation mode to observe the procesatian of each
wafer.

There is only one point per field so interpolatauring the “Difference” calculation is not need#ue “Point-for-point”

Yector Raptor - Matching Yector Raptor - Matching
Fef Weir_Process_BARC =LS Match: Wweir_Process BARCXLS
Baottom Graph of: EXPO4008 of: MoBARC, ARCZ2343, EXPO4061E, k30, EXPO40ETH_wk30, E«pod07.

83,
a4,
0.

Scale(um]; 88.0 pm — mn Scale(um]; 88.0 pm =

7.

Figure 29: Difference Comparison Setup of the exad®rocess Window

EXPO4008 BARC (Left) as reference compared with remining six wafers (Right).

Bottom CD values here are restricted to the processindow range of 72 < BCD < 88 nm
Application Examples - Page 2b -
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option was selected. During the Difference caldoigtVR Matching will find the nearest field valoa the Reference wafer
to any fields on the Matching lot wafers. So if ata-wafer, or in this case BARC coating, is oregposure-field that is
not contained in the reference, the program wikesk for the nearest reference exposure and usddtea

Tip: Including all valid data points, both in the p rocess window and external to it, as in
Figure 28, is an excellent method for discovering p rocess extension capabilities. Any
process capable of moving to smaller feature sizes c an easily be evaluated and
centered using this method by simply changing the ¢ olor-bar key limits.

[: Matching: Weir_Process_1_Match - Weir_Process_1_REF
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Figure 30: Process Window, Difference Comparison for All BARC

However, when the process limits are well definedcan obtain a precise measurement of the extehed?rocess Window
for each film by restricting the feature valueshese limits. In this dataset we used the variahléng tool to restrict BCD
values to the process-window range of 72 < BCD «i®8and re-plotted the graphs of Figure 28 inte¢hof Figure 29.
Now the exact shape and extent of the process-axmpspace can be comparatively seen. In additishdape and range the
stability of critical feature size within the spazan also be evaluated as a measure of the rolsasihéhe process.

Since the exposure layout centers the Process Windar the physical center of the wafer, we’ll akeeBCD variation of
BARC as a function of the exposure radius fromvilader center by selecting the “Radial Plot” dropathagraph. This
method implies that the greater the radial distatieegreater the extant of the film’'s Process \Wind We generate the
Difference Calculation by simply pressing the “Biffnce” Command button to create the plot interéddegure 30.

In the graphic of Figure 30 the response of ea&R® film can be easily viewed by clicking the appriate tab on the
interface. There is one tab set up for each wafahis case BARC film, of the data lot. The finltee (3) tabs of the
interface show the Trend Plots associated with 8&RC’s response.

Tip: We used the graph editor to set up the X and Y ax is stepping for the Difference graph
shown in the Figure. Next use the eye-dropper butto  ns to copy the graph setup characteristics
of this first graph and apply them to each of the f  ollowing BARC response films as you display
each tabbed graphic.

The six remaining BARC Process Window plots, which accessed using each of the interface tabshaven in the plots
of figure 31. The comparison is now restricted mbygoints whose feature size lies within the degiProcess Window so
we can see the performance quality and extentaf BARC clearly defined as the number of data poattually on the

chart. That is, the greater the number of plotteidts and their range from Radius=0, the greateettient of the Process
Window.

Based purely on Process Window size the Expo407B8R®exhibits the largest window. Looking at the apgimate
average CD difference value of this film, we cae gt it also exhibits a small feature size ghifin the bare, or “No
BARC", process wafer. This suggests that exposuorest should not have to significantly increase gisiis BARC. Feature
size ranges can be estimated by an examinatidregidpulation spread, or envelope, of points atbegrdinate of the
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Figure 31: Process Window Difference Comparison foeach BARC Film
Radial range along the abscissa indicates the erteof exposure size of the process window.
Spread of the population along theordinate indicates the robustness of the film to process varianc

graph. The Expo4073D range of CD values appedre spproximately the same as those of the No-BARGare wafer.
This implies that the process window has been edgéibut process performance is not improved bepane wafer values.

Examination of the “envelope” of the plotted datanps yields the comparative performance of eacRBAilm. A film that
exhibits a point-spread envelope centered nedrestero ordinate value exhibits a closer matchopesdince in exposure
response to the reference BARC. An example of @ gaatch to the reference is found in the Expo4064440 plot.

A different mean value implies an offset in therage feature size from the selected reference BAREG. is commonly
observed between any BARC film and a process nogBARC as shown in the graph of the upper lefthef figure. The
greater the shift in this mean value from the hveaéer exposure, the greater the exposure changkedder the film.

The plot whose population contains the minimum &pe&-spread along the BCD ordinate values alonf thi¢ greatest
range along the abscissa, or exposure valueswsilhi the greatest process and the most robyxsines of critical feature
profile size. This film will not only exhibit a lge process window but will also support the tighkéstogram-spread of
points within that window. For example, althougk #xpo4037D BARC exhibits the greatest process avinsize, the
EXP040618_vk90 film supports a window that is oslightly smaller while at the same time exhibitegnuch tighter
variation in BCD values across the window and a@l@verage value to that of the bare wafer regpons

The last three tabs of the Difference Interfacel@kthe statistical trend response of each filfatiee to the reference
BARC using summary statistics displayed on Trera<P|

Application Examples
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Difference: [Weir_Process_1_Match - Weir_Process_1_REF]
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Figure 32: Mean-Difference Tab Plot showing BCD Man Difference from the Reference and Standard
Deviation for each film within the defined Process Window

Trend Plots

The Mean Difference +/- Standard Deviation for efilch, shown in figure 32, can be selected from‘fkean” tab. In this
instance, the shift in exposure or BCD offset valsieows the match similarity of the film to thatloé reference. The error-
bars show the robustness of the film and procesezposure variation.

Here we can see that the closest match to thewsfer CD values is the Expo4073D film. The closmatch to our
reference BARC is found on the Expo4061B_vk90 fikm.examination of the error bars for each proeéssiow provides
instant evaluation of the standard deviation ofu’fess sizes within the process window. Here thecBgp1B_vk90 BARC
film also exhibits the tightest population spreddeature sizes and will result in the most rolurstcess performance.

Figure 33 further clarifies the process robustrmdéssach film by plotting the range of BCD variatifsom the reference
values for each film.
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Figure 33: Range of BCD Differencewithin the Process Windov from the reference film for each BARC teste.
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