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1. Introduction

1.1 Need in the Industry

Weir PW provides a suite of tools for photolithqgnéc process setup and qualification using uniqe¢hods for metrology
characterization, variable covariance analysiscipien calculation plus multi-site & feature prosegindow calculation.
Additional tools in the program provide an advanaad unique capability for wafer, field and suldigslit & scan) spatial
modeling of feature and film perturbations.

Optical Phase Correction (OPC) elements as walhgphotomask atomic when printing features siges than 90 nm are

employed provide a unique challenge to designeshiaan in Figure 1. For many years Lithographersehaalized that the

high-frequency elements of features, such as cem@mat sub-wavelength outriggers, support fine sirechat resides below
the resolution of the lens. While these featuraddccaot be precisely

resolved they still react strongly as wavefrontydration sources and Yt P MAMORETICLE 100 1-1 MOSI 200502
therefore exert a strong influence on the fidadityhe final image. This MoSiON: Raw Data

influence extends well beyond the immediate vigioit the element by

the wavefront perturbations of flair, scatter amstaition. A distortion 1.042 5 .
that can influence and degrade the imaging of meighg structures as 1.033.1 o
far away as several microns. 1.035.6 -
Production Imaging Degradation 1'3332_

The imaging performance of the “lens” of an expeswaol is strongly 10253 - 1.030.
influenced by the proper setup of the entire optiean. Drift or 1 021,94

improper balance of the source, condensing ogieffles and pupils 10764 a2z
degrades optimal imaging performance. The photomdsn inserted 1050 - 0o

into this optical train becomes an integral elenierthe imaging quality
of the exposure tool.

Ironically the photomask, which defines the objedbe imaged into the ~ Figure 2: Weir PW plot of Feature size
photoresist, has long been known as a major sairiceage uniformity modeled across a MoSiON phase-
degradation. The photomask is a complex opticahetd that consists of Shift reticle (photomask)

a thick, typically quartz substrate upon which Ghiom or other opaque

or sometimes translucent film is patterned to aoiesthe imaging object of the exposure tool. Iditidn to the anticipated
manufacturing problems, such as uniformity suchkremsvn in figure 2, the mask-element acts as vanadhjc optical element
of the exposure tool. The photomask induces bdthatve behavior and knife-edge scattering atetiges of the pattern.
Recent OPC techniques further complicate the iotienas through the use of phase, polarization allicfe protective
technology.

100 50 00 50 1op 1.015.

Even early applications were concerned with titiwkand flatness of the photomask. Wear and tegihekinematic support
structure was one of the earliest recognized dmutiors to image distortions. The photomask intredue dynamic element to
the production cycles since it is a lens elemeat ithfrequently changed in the production cycledBction handling of the
mask introduces patterning problems from sourceb as feature edge erosion, film deposition anctrlstatic discharge
across its surface.

The incessant migration of the semiconductor imguggehnology to the lower actinic wavelengths afent production
coupled with the introduction of large stressesoiiticed by the mechanical scanning elements afsadhit aperture further
increases the number of production sources of dagjcm and exposure tool-to-tool variability in iggaquality. These sources
must be monitored if severe excursions of the prtido cycle are to be avoided.

Wavefront Engineering Consideration of the Photomask

Photomasks are evolving from the simple binary iesagf a few short years ago. Sub-wavelength imagpmgepts provide
opportunities for feature localized wavefront cohto extend resolution and structure-selectivethiep-focus to regions
unanticipated even a decade ago. The most pullicizthese engineered wavefront perturbations delocalized phase-
shifting of critical features, sub-resolution seattontrol elements and inverse lithography systidrasderive mask-feature
patterns by an inverse convolution of the pertudnatof the lens with the desired design circuiagmm on the wafer.

The most critical device levels that employ thesthnods therefore pose the problem that what-yowssdbe photomask is
not what-you-get on the final-image in the photmted he fact that the current state of technolfugytoday’s simulators used
in the design of these non-intuitive structuresiasss stable and ideal lens performance charaatsriBrocess film
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interactions and interactions of the lens and phagk structure are significant complications igdadearing simulation.
Additional optical artifacts such as the obscuratitat occurs near the exposure field extremit@ass flare, haze, effective
polarization, coherence and numeric aperture aeradt accounted for. These aberrations interatt f@ature-density lens
heating and illumination drift to dynamically chanignage quality from exposure tool-to-tool and awere. The dynamic
nature of these interactions are too facility sfieaind complex to be anticipated by any simulation

Sub-resolution imaging is also sensitive to theratiristics and stability of the substrate. Thetpresist is just one element
that resides in a stack of translucent films presarthe semiconductor wafer. Variations causetldie-plate uniformity,
developer deposition, true focus of the image -@flective coating characteristics and the indiribdlchemicals and tools that
make up the lithograph-cell's unique signaturecafitribute to variations that must be considereithéncalibration of the
simulator.

Another characteristic ignored by all simulatorthis varying response of the image profile in ttedawfilm-stack to the
process variations just discussed. Profiles chémgje response signature with location in the imfigjel of the lens or through
the frequency-domain of the exit pupil. Weir’'s #@lito measure the individual response signatufékeofull profile and film
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Figure 3: Weir PW graph of the systematic response dfvo OPC features to Focus & Dose. Plot demonstrateSideWall
Angle response of 1:3 density, 90 nm features moeel across the process window.

stack provides the opportunity to comparativelgstthe best designs from actual performance da&figure 3.

The Weir PW analysis plot of figure 3 contains lygignificant information about the OPC structuesponse and the health
of the exposure toolset used in the analysis. M@ Sariable curve of figure 3 shows the responsthefoffset or “Piston”
coefficient of the model with error bars for eaciues standard derivation of the residuals todbefficient.

The “Mean” variable plot shows the average valualb$ystematic field values to the process exposariations with error
bars for the Standard Error of the Mean (SEM) dased with this average. This curve therefore detae process and tool
response of the OPC family without metrology sofoes and process random errors.

A large difference between the Piston and Meaneualues indicates significant aberrations assediaith the exposure tool
imaging.
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Simulators properly calibrated to the unique chiaréstics of a tool-set and it's interactions wiitle facility specific process
will be able to properly compensate not only foriagons across the process window but also thesecgated with the film
stack and toolset.

Needed Refinement of the Raw Metrology Data

Effective simulator calibrations require the preaissponse characterization of individual feattoenécs. The very nature of
the active mask element and its dynamic interastigith the imaging system dictate that reticle deadesign optimizations
are a strong function of the target process. Small

; B50.0 e
changes in feature structure can respond very

differently depending upon the target process, the 5000 "2_'

toolset and their unique response to feature size, B e e TTTTTemTmesssmssesssmosssssssssssssssssssseses -
orientation and location in the exposure field. BOOLO frormefgmme s s g s s s s s e
Accurate metrology must incorporate the response -

full filmstack profiles to accurately characteribe E 4000

performance of the target process as its behavior 50,0

varies across the exposure field extremities during 3000

daily process variations. The elements of profild a 2500

film metrology by themselves contain too much 200.0

noise to effectively discriminate between the imeér 1500

random and systematic perturbations introduced b 1000 . : : : . . . . . .
the exposure and metrology tools. Pure statistical 00 00 00 200 300 400 500 00 700 80.0 S0.0 1000
analyses can be not only inaccurate but also Fladial Pasitin on W afedmm]

misleading.

Figure 4: Weir PW plot of two line-end-space featuresigainst their
Soft metrology errors introduce a more sinister radial position on the wafer for fixed focus/dose.Encircled data
component to the raw data. These errors represen’ points show where the metrology tool measured therang feature.
metrology errors that are not blatantly deviant and The two fitted quadratic lines attempted to includethis poor

only differ from the true feature value by a few metrology in the analysis

percent. Target acquisition errors of the metrology

tool similar to those shown in figure 4, substretiarge buildup in Scanning Electron Microscope olegy and even
environmental perturbations such as short vibraticcurrences contribute strongly. Target acquisiéorors do not always
result in aborted measurements but more frequeaslyit in the measurement of a similar neighbosingcture on the current
or previous lithography level. Soft errors can elieroperator contributed, appearing during creasicthe metrology recipe.

Accurate photolithographic OPC feature charactédmaequires the raw data to be simultaneouslyetestifor systematic
process and exposure errors. Adaptive modeling tivéhability to include only statistically signiéiat perturbation response
must be employed. Inherent in these advanced nmapechniques must also be automated methods obabeatum
singularity removal that otherwise would bias feathiehavior signature extraction.

1.2 Product Scope

Weir PW’s OPC characterization software suite ptesivalue in both engineering and production apptios. Users working
in the photomask, semiconductor, yield and dessggiments of the semiconductor industry can bereiib fthe analysis to
both improve the design-for-manufacture sequendenaonitor the stability of daily production.

The Weir PW" product incorporates a suite of tools for the wsial control and setup of the semiconductor litapic
process. Each module can be used separately onjanction with others, sharing a common interfatgsign and feel. Weir
PW provides the most accurate analysis in the ingbigcause of its ability to incorporate and d#fgiate the contributions
of all sources of image perturbation.

The suite applies proprietary in-house developetkts’ modeling tools that recursively adapt to dag¢a population and
systematic components of the analysis. The restifmart modeling are realized through the improsetsi in the accuracy of
derivation of production control surfaces that @liate process correction ringing and run-off. Batintrol and analytical
functions are accuracy enhanced by the productfi$yatio include automated and manual culling obponetrology. A library
of process, process window, exposure tool and fegtyanodels are included for systematic responsaetion of tool and
process variables from the metrology.
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Weir PW provides an open system of access andtilidys@ny form of metrology data can be easilyported into Weir PW.
Data is stored in Microsoft Excd&® worksheets for easy access and customization. PWiis capable of importing any
format of commercial data. This support is extenfiled of charge to users with current warranty aintenance agreements.

Multiple levels of data culling and range selectawa available. Automated culling extracts metrglegrors based upon range
and sub-population distribution relative to a papioin median. This culling can be applied to ratadasualization or as an
integral part of the model-application process. Titmis for coefficient inclusion are dynamicallgjasted based upon the
uncertainty of each elements estimation and thebeurmf data points in the data-surface.

Data can also be excluded interactively during iagdisplay using mouse-selection by data poietdfsite and wafer. The
pain involved in manual sorting and exclusion afiidual data points using text editors or spreadskools is entirely
eliminated.

Weir OPC Extraction uniquely applied these toolthindividual feature on the reticle based ugirtfeature-family
designation as assigned by the user or metrolagjgeeThe models can be applied to any metrologhuding film thickness,
feature widths, profile slopes and foot-size ad agltemperature and trench depths.

1.3 The Customer
The Weir PW OPC extraction is a valuable tool fbofmmask, device design and semiconductor procegeeers.

Photomask engineers can benefit from the tool#wbdl be used on both mask-facility as well as isemductor gathered data.
The software is capable of importing reticle metgyl and storing the data into a reticle librarylfder use with wafer-
gathered information. Weir PW can also be useatdin final feature image uniformity and providiae ability to
discriminate between photomask and semiconductargss and exposure tool systematic errors.

Reticle design engineers benefit from Weir PW'oendted yet highly interactive tools for the decdation of random and
systematic errors introduced by the process andsexp toolset. Of particular importance is theigbilf Weir PW to
comparatively evaluate the response of individuaCGstructures to these perturbations. Weir PW foergrovides a tool for
determining the best resolution enhancement teakniqg a basis of both optimum exposure performandehe technique’s
robustness in the presence of the perturbationsdated during production.

OPC Performance data is derived from systematicefsdtiat characterize the response of each feasimg metrology
actually taken from the production wafer. The use¢herefore provided with the precise knowledgéhefresponse
characteristics of each structure’s sensitivitgxposure tool compared to process variation asagethe level of precision
contributed by the metrology.

2. Description of Weir PW OPC Extraction

2.1 Application Objectives
Provide highly automated analyses of OPC featspamse to tool and process variation.
Deliver unequaled precision in the calculationrafividual OPC structure response for simulatorgsetu
Provide comparative tools for similar OPC strucsutlaring the layout and simulation phase of retiesign.
Characterize individual OPC structure responset@tions in optical train perturbations.
Discriminate between pure errors and the systeratitributions of the process and tools.
Substrate and film response model mapping.

Provide a software toolset for the calculation pfimum focus and exposure-dose of semiconductaceeegticles
with the added determination of full-field and pess contributed variation.

Supply advanced visualization tools for data andopmance using advanced coupling of graphics atd glots.

2.2 Supporting Functions

Data import from any industry standard metrologgder format.

Description of Weir PW OPC Extraction - Page 5 - © Copyright TEA System
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An open data storage format. T21FEM Variable Sehup =1k
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2.3 OPC Family Structure -

Metrology tools often concentrate on the measuremien B i
specific features of the photoresist profile. Degés include
multiple measurements of a single structure sucheas
“Bottom”, “Top” and sidewall angle (“SWA”) or prdgé
edge slope.

Figure 5: Manual input of data to a focus/exposurenatrix.
Actual matrix can be any layout across multiple wadrs.

OPC structure studies however can include multiplign methods to achieve target feature sizeseX@mple sub-resolution
outriggers may be designed with varying length tkvigk at multiple distances from the device feat®tease-shift techniques
also present multiple choices for the designer¢hatincorporate adjustments such as the sizeeatttfting structure or its
phase-depth. Sometimes an exact quarter-waveshift the optimum construct because of interastigith the full-optical
train of the exposure. Often several structuresapable of achieving the target size under optireMposure conditions yet
will exhibit varying levels of tolerance to variatis in process and exposure during production.|&ilwi the structure
optimizations obtained at field center will notdygtimized for structures located at other locationhe exposure field.

A number of metrology tools allow the feature

target design names to be specified as part of thi | et B oS eeced
! L

tool recipe. Multiple targets are measured in the v anczs R R
same dataset for structures with varying layout S EXPOMETE. 4440 EHL8RY RS o-~- KT &8I
configurations such as neighbor distance,  EXPO4ETH_vk50 CIEE -
orientation and density. Weir PW automatically | B c | o | E | F G
. . 1 % _DIE_SIZY_DIE_SETEST A_LOC  Y_LOC  FAMILY
sorts these targets and designates each using th EH 7 7 1 16 126 wi2pdith
S|te.s, sprea_dsheet specifying ea_ch target fam|l)_4 T - . e — BT
and it's location on the exposure filed as shown i 85| 7 27 84 125 -3.5 w120p400h
figure 6 86 | o) i) 85 125 5.5 wi20pd00h
. a7 | rd i) a6 125 -7.5 wl 20pd 00k
. . . | 7 7 87 125 9.5 wi20pd00h
During an analysis the user can selectively analy = a7 57 s 125 115 wi20pddlh
any single target in the data or any combination « 90 x i) 88 115 125 wi20pd0lv
. . . . 91| P 7 90 115 10 5 wi20pd00w
target subsets using a simple family selection Loz 27 27 91 118 8.5 w20pd00y
interface checkbox array. If multiple families are 9 EE ey 2 %2 N5 5.5 w20 pd00y
. . s 94 | x 7 93 1158 4.8 w0 pd 00y
selected, the Weir PW analysis then repeats it's |z 43 27 7 al 418 7 5 wi20pd00v
analysis for each family as a separate sub- e ISR, siees (TR oo oo | €1

population of the data. Results are summarized i _ . N .
spreadsheets inserted into the data workbook an Figure 6: Right: OPC Structure Family specificationon the Weir

by using graphic comparisons. Sites spreadsheet.
Left: Graphic Interface for check-box selection offamilies to
include in Weir PW analysis.
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Metrology tools that support this type of automateaily designation in their output files includeaning Electron
Microscopes (CD-SEMSs) such as the Hitachi, AppNéaiterials and some KLA generations.

Scatter and ellipsometry metrology tools for thestraart do not include family designations. Tamgtformance evaluation
data will include several datasets restricting ddtane target family to each dataset. Weir PWeasily combine data in this
format by first importing it into the Weir standasgdreadsheet and then combining the multiple detésecutting and pasting
the Data and Sites datasheets using the powegabdéies of the Excel interface.

2.4 User Interface

Weir PW supports a full Graphic User Interface ih#gracts with the Microsoft Excel program for sterage of both the data
and reports generated by the various analysisibms:tData is loaded into a proprietary Lot-Objett provides lot-wafer-
field-site-measurement linked drill-down generatafrgraphics, data culling, display and charts.

Graphic captures are easily conducting using thessor menu-driven commands. Data sub-sets caisleykd by boxing
in the area of interest to select observation efdata values or detailed plots or response iartbe.

2.5 OPC Family analysis

Note that this is the engineering interface of WRN. These analyses can be automated and treneidhesing Weir Macro’s
and the Weir DM or Weir DMA software.

Start the Weir PW interface by selecting the mdrartsut or any of the installed shortcuts on yoesidop or windows
Launch Bar. The Data Selection interface showrguaré 7 will appear.

Data is be loaded into the interface by using tl&@®pen menu or by dragging a file onto the grapmhsplay window. New

metrology files or previously imported Weir "
Spreadgr)l/eet datar;iles can):alsopbe loaded. T CE—— 0
Fia Edt [ala Ansyses Took Help FEMF ol Siwt 5

The site locations on the field are shown in the S48 PR QP x] TS el =l
graphic display on the lower left. Wafer data is :’m‘"ﬂ -;,,,,;,| Neinige | Phcese Wik
displayed to the lower right. .5,,,-.,,..,;,.,,-‘:.'_* = - Foum

. Wbt Doz Soan - = M lﬁ v i
Controls at the top of the screen list the waférs o F: JE v [a =] | | =
the lot, the exposure-dose values present in the e = <l % n 2
data, scan-direction etc. Three drop-down contro ] Let e FQEE:%IWJ
are located at the top of the interface to allow o = L e | i i35
selection of the variable undg_r analysis -- e R
“PR(nm)--, the Feature Families -All Features” o W Fhoew Doods = | | T Hoe  F SekciedDain [ AawData
-- to include for this variable and the datasheet i mom sl o SeleciedDala .. FRINM)
the Weir Workbook that is currently loaded — 3 I L ol
“FEMfamily'. AR, = Le g ,f'f'--f ! _“"HH
Use the drop-down Feature Family control to y > ; ey [ [N
select a single family name for analysis. The ¥ e e e b i b :\‘x
command-button immediately to the left of the = = ff i ot [ e L
Feature Family selection control presents the . : A S (0 bl
multiple-family selection screen shown in figure ¢ e : el et
Check the features desired in this screen and pre | il oo (R (oielin A mperd Bzl Ry
the “OK” button. e '.1 i ' i B

"y 1 g
The data displayed in figure 7 shows the layout c L | B I R o
data using the photoresist (PR) variable displaye - . . ® s v e T /
as a 1-D vector plot on the wafer. This data fes tr b o bl "P’i;
set contains multiple dose and focus values, all ¢ g | x"x:::.
which have been included in the data. A total of c caab TR T00 pm — s
878 data points are in this data. | aeivie=140.390.9.000 173
Sefect Datn

A data subset can be chosen by selecting the
specific exposure values using the controls or by

Figure 7: Weir PW data selection interface
Description of Weir PW OPC Extraction
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using the data culling tools located in the cemntigiit section of the interface. In the exampldigdire 7, the MSE (or Mean
Square Error of the measurement) variable wastseldéiom this scatterometry tool. Only MSE valuesiding between 15
and 0.4655 were included in this data using théet@éata” command button; a note on the contrdicates that 15 data
points were removed.

This is the first level of data culling available\iveir PW. Selecting any variable from the drop-daentrol could choose any
of the entries as a base for point exclusion. Tdmroand button located immediately above this cotigts the name of the
currently selected variable “MSE” and, when clickedl! display a histogram plot of the variableasaid to the selection of
the cull range.

Two other methods of culling are also availabléhia point. Use the left mouse button to box in anynber of data sites on
the field-graphic displayed in the lower left. Thep-up menu that appears will allow you to remdvs $ite and all data
points associated with it from the selected datassecond manual culling level is realized by Imgxin a data group with the
mouse on the wafer-graphic on the lower right. pbp-up menu that appears will now let you remoteegian entire wafer
of data or just those data points contained withiselection box.

Culled data is never actually deleted and can s®@med using the pop-up menu selections that apglean an area is boxed-
in.

Interactive Exposure & Dose Layout Entry

A focus/dose matrix is not necessary for the OPalyais however it is recommended. The matrix cartaio data extending
beyond the process window. If the raw metrologysdoat contain information on the exposure therlafieut can be easily
entered using the Weir Main graphic Interface. Etitis interface using either the “Analysis” menutee “Layout” button on
the toolbar. Layout data is stored in the Weir P@leDWVorkbook.

To access the OPC Spatial Modeling tools, clickhen“Spatial” tab.
Spatial Interface

The Spatial interface shown in figure 8 displays

the raw data for the BCD variable selected in tl . =le:

drop-down control at the top of the page. The DS S| 0| o ][RR e[ =]

user could also have selected a histogram, e

contour, 3D or general XY plot of the raw data. Ao | Mo Comrmets | Caocrms | s Formt| ::*::;mwmnua

Selecting the “Wafer” tab to the left of the = i ke il

screen will display data values as laid outon tr 7 2" G SR

substrate. Similarly, the “Field” tab will display  Optinien N P

data by site position on the exposure field. fHfE

Use the mouse to box-in any section of the Jr— Bl i R —

graphic. The pop-up menu that appears will : ol P -

allow you to view the data points on a q il ; g '1.3 ;ﬂ':

spreadsheet, cull the selected points or graph E y : i, T ——

them using several graphic options. : v i — o 20008
/ e Mo 1IN

OPC Radial Response E / . s ol Y *:E::':: EE‘&E

Pressing the “Cull-Radius” command button : / . " B 1404

located on the upper left of the graphic will plot _| o TR T o] (] B 2 i federuet =300 21

the variable as a function of it’s radial location | : ’ '||

on the wafer. This control is the first available \ ! f

control to allow separate OPC family response b i :

plotting. Each family member will be plotted \"'x

and a polynomial will be fitted to the data. The A :

user is asked to confirm the number of “radial N i .

zones” to include in this analysis and a - i >

polynomial order for the data fit prior to B el

generating the graphic. The radial analysis alst e

generates two data spreadsheets. The “Radial

Figure 8: Weir PW Spatial Modeling/ Graphics and culing
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spreadsheet presents the coefficients of the fitt

. .. EA Microsoft Excel - F419512_HD_TH_26x33_LC_110_rpt_Famalie - |E||1|
curve for each feature family. Similarly, the

“RadialZ " dsheet. sh in fi 9 J File Edit Wiew Insert Format Tools Daka Window Help ;Iillﬂ
adialZones” spreadsheet, shown in figure 9, DEHE GRY I RBS o @AM @O 2w
reports the number of data points and their | = ] = Mirimurn
statistics for each radial zone as specified. Thit f A [ B [ ¢ [p[E[ F [ 6 [—
report can then be saved along with its graphic f | 1 |RadialZones_BOTTOM Thursday, May 25, 2006 08:00 —
. H wp; ” 2
FO any website by using the “File/SaveAs” men u 3 |Family Radius {[mm)Average StDev Points Maximum Minimurm)|
in the excel spreadsheet. — | 4 [THDF F10 220 & H_ 3390 0
L i ) £ | 5 [TH DF_F110_220 5 H_ G660 011 000 188 011 010
OPC Characterization Prior to Culling = |6 [THOFFMD 208 H  foon 011 000 & 011 040
) ) = [ 7 [THDF_F110_220 5 W 3330 0
The following tools are used to characterize an = | g |[TH_DF_F110 220 5 v_ B6.60 011 000 186 0.11 0.10
determine the proper values to insert into the $ | 9 |TH DF_F110_220 8 %_ oooo 011 0000 5B 0.11 0.10
. . . ~ 00 |10 | TH DF F124 IS0 5 H 33.30 0
Range and Sigma culling fields. These tools ce  #¢ | e 5 e s 1 &0 010l ool a1 Xt
also be very useful to obtain a first evaluation ¢ | 12 | TH_DF_F124_1S0_5 H_ 0000 009 002 56 0.11
the relative response of each OPC feature acr¢ | 13 |TH_DF_F124 1S0_S_v_ 3330 g
the raw data |14 |TH_DF_F124 120 5 v BEE0 040 001 162 011
: |15 |TH_DF_F124_150_5_v_ 10000 009 002 &8 011
. . v dialFit_BOTTOM s Radialzones_BOTTOM ;|4
Data culling for soft metrology errors is <yl [b [N RedeF
9 rology Ready [ e e
performed by a comparison of the feature
response to the median of the population. Figure 9: RadialZone spreadsheet report by OPC fanty

Culling is controlled for both raw and modeled
analyses by entering values into the “Range” or
“Sigma” fields shown in figure 8.

The Range control accepts a value that removeglhiztaxceeds the specified deviation from the aredf the population. In
other words, a value of 2 nm entered in the Raigde Will removed any datapoint that extended nri2beyond the feature’s
median value.

Similarly the Sigma field removes points basedtmirtStandard Deviation from the feature-populaioredian. A Sigma of
1.24 entered here will therefore exclude all datats that exceed +/-(1.24 * Standard Deviationdhef population beyond the
median.

Naturally the values to be entered into these dieliet not intuitively obvious. A suite of analygiraphs can be generated to
assist in your selection. These graphs also pravidgorous analysis of the response and stalofisach OPC family for the
selected data variable. Start the analysis by prg#$ise “Range” command button located immediatelthe left of the field,
the multi-graph display shown in figure 10 will

appear. 7 1weir Wavefront Engineering Data Distribution Analysis - FEMFAMILYSHR T (BCD =l x|
File Edit Data
The analysis data can be viewed by using eith¢ & @(#| ®| cione |
the “Data/View” menu or the"2last button on | Rlange Cul | signa cull] Delia Response | Populaticn Mean | Fopulstion SiDev | Pepuiation Rangs | MedanVaiue: |
the button bar. The last tap displays the medie |['* .
values calculated as a basis for these graphs. .
response graphs are presented: Wit Warshont E e Dats Db and Lul s
Lok FEMFAMILYSHRT - 873172006 12:26:50 PM
R Faatura: BCO[NM] [nm)
ange 242
0 The number of data points (ordinate e .
residing within a given delta :Sz
. . w 1TED
(absqssa) from the population Erais - a1
median : 1320 & Cul TAES 1:3H
] £ 1100 Cull_T4EE_1:3¢
Sigma sl I .
0 The number of data points (ordinate e R
residing within a given standard B e
deviation (abscissa) from the et
population median e
. on 1.3 2"_'".’ ]-illJ &5‘-1 551.'-' B30 ﬁ.é BDIT 1EI:‘21 11‘3-1 124.7
Delta from the median AbaDekafiom medan [rm)

Figure 10: OPC response for Range & Sigma Cull Angkis
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o Distance of each point from
the median

Population Mean

0 Mean of each family’s variable
(ordinate) for the number of family
members within the shown absolute
delta from the median (abscissa). Se
figure 11

Population StDev
0 Standard Deviation of population
Population Range

0 Range of population members with
the median delta

Figures 10 and 11 use a data set that has a ful
matrix of focus and dose variation. The four
curves represent the response of two 90 nm O
feature families nested in a 1:3 period. One
curve is represented for Horizontal and Vertica
tests of each family.

Figure 11: OPC Family Mean for population as a funtion of their
range of the median. Features are 90 nm target on3lloading, V&H.

To use the “Range Cull” graph of figure 10 to detiere the proper range-cull value for culling datamaine the curve. This
curve says that approximately 22 data points walthlled if a range value of 56.7 nm is used. U$er can right-click on the
graph to change the axis scale or to enter notes.

The curve of figure 10 can also be interpreted e of 176 data points of each family are withih3 nm of the median,
thereby showing the relative response of eachife'stdata to identical process variations. In tiase we see almost identical
family response until approximately a deviatiorBdfnm of the median of the population. At the 34poimt the bottom two
curves continue to show a tighter response sugugstat the “74E6” vertical and horizontal featueagh respond better than
the “38F7” design.

Population averages can also tell about the relatiability and response of the feature. The pdipnlanean response graph
of figure 11 shows that there is a fixed offset

of roughly 2 nm between vertical and

horizontal implementations of the feature anc

the “38F7” feature results in a larger feature

size by about 5 nm across the focus-dose

matrix.

Model Selection and Response

The classic method of evaluation of OPC
Family response is to use a Process Window
analysis. This method can be used in the We
PW interface by pressing the “Process
Window” button at the top of the screen of
figure 12.

The Process Window method has many
disadvantages. First it does not easily addre:
the situation where there are multiple points
on the field. The overlap of multiple feature
windows is confusing particularly if there are
features with multiple loading factors or
orientations. The method is also inaccurate
because the process-window control space i

Description of Weir PW OPC Extraction
Corporation 2006
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an expansion polynomial approximation of respohsaé does not include the realities of whole-waf@cpss variation and a
number of other aberration sources. Trying to fitacess window of this type to the varying expestonditions found across
each field is impractical and does not reveal the tesponse of each feature-design to procesaticari

The Weir PW method fits a customized model to eagiosure field on the wafer. If a scanner row duiwm model is
selected, then every row or column will be fittedevery exposure field. This results of this methte@rly delineate both the
relative feature size supported by each OPC streiétu a given focus and exposure as well thasthectures response to the
systematic variations experienced across the psaoeege of exposures. Residuals show the leva@rafam noise introduced
by the metrology, process and exposure toolset.

Weir PW OPC modeling follows the following flow:
Select the sub-population representing an OPC yamil
Optionally cull data points if Range or Sigma auilivalues are set
Model the wafer (if a wafer model is selected)
o Record wafer fitted and residual data into workbook
Use the residuals of the wafer model to model etlegyfield in the lot.
Record field fitted and residual data for eachdfiel
Repeat the sequence for the next family or exiteting
Summarize results into the workbook and show respamnaphics

Typically a focus-exposure matrix analysis will mse the wafer model. In the example shown in &2 we selected the
Full-Field model because the site-layout of thernlegy does not lend itself to a row and columnlygsia.

Scanners are best modeled using the Row or Coluodelsiwhile steppers should use a Full-Field mdRelv models
optimize the analysis to find variations acrossléms slit. Similarly the Column model selectiortiopzes the analysis for
reticle-scan stage response.

OPC Modeled Results Reporting

The statistics shown to the right of the waferigufe 12 first summarize the average set of fielefficients. The statistics
below the coefficients represent the responsee$yistematic variation associated with the modededficients. To see the
response of any single or combination of field anavafer coefficients simply select the desiredfficients by checking the
box next to them and remove checks from any caeffts not desired.

The “Validate” check box turns coefficient validigpnfirmation on (checked) or off (un-checked). \Wivalidation is not
used, then all coefficients are used as returndtidgurface-fit. When Validation is used then Giomints whose value is less
then their uncertainty of determination are fora@dero and the model is adjusted to neglect tfeetsf of this coefficient.

The Field Model selected will save two reportstie Weir Data Workbook. Naming of the spreadshéetstehe format of:
SheetSheetType & Model & Variable Name
Example “FieldModelSum_FullField_BCD”

The spreadsheets can be easily located from Imksei “Index” spreadsheet and their function is:

Spreadsheet Function

FieldModelSum_ | A summary of every Row, Column al&ito which the model is fit sorted by family and
exposure. Each coefficient and its uncertaintysingation or standard error (*_SE”") is
reported along with the Mean Square Error of the fi

FieldResponse A report summarizing the fitted dakés report includes a header showing the data, da
culling and range of exposure for the data.
A Family Summary of the
0 Modeled offset (zero-order or piston) coefficientdhe statistics of the
residuals to this offset.

Description of Weir PW OPC Extraction - Page 11 - © Copyright TEA Systas
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Spreadsheet Function

o Field’'s systematic error statistical variance.
A Summary by exposure and family of the
0 modeled offset and residuals.
0 systematic across field variance
A Summary of the culled data points (if any).

Figure 13 shows a portion of thEieldResponsé report. The summary of the offset and residualgils the fields natural
value for the feature-family and OPC design onrdiiele. Statistics shown here display the contidyuof the process,
exposure and random variations to the variatioth@ffeature. The objective of course is to seleetstructure design that will
yield the desired size and exhibit the smallesiatian in size when these process and exposurati@ars are encountered.
Residual results include not only the process dmutted variations but also the random errors cabgddcalized film

variation and random response of the metrologyexmbsure tool. To see only the systematic influefdens aberrations and
exposure variation the systematic response ofdateife must be views. These results are displaytttinext section of the
spreadsheet table.

The summary of the systematic variations of thigl fow the systematic perturbations introducethkyprocess and
exposure toolset. Theoretically this is the vamiatet that can be corrected if exposure is staliland exposure-tool
aberrations are removed.

The systematic family-feature response to expofmes and dose is best understood with supportiagtics. The data is
stored in a Microsoft Excel Spreadsheet so itletirely easy to create graphics on any data segrienvever the Weir PW
software also creates a library of supporting giaplThis library can be viewed in the multi-gragibplay that appears, the
first graph of which is shown in figure 14 for & s€“Top” or TCD feature data.

Description of Weir PW OPC Extraction - Page 12 - © Copyright TEA Systas
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Family Response Graphics Library

The first 3 tabs of figure 13 summarize each fatmitgsponse with its associated error bars. Thiabiar piston, in this case
TCD or “Top Critical Dimension” features, suppoetsor bars based on the standard deviation ofesiduals to the piston or

offset coefficient.

The Mean value curve is the field-average systeneaitor of all systematic modeled points in thédeas influenced
throughout the exposure range. This plot supperts bars suggested by the uncertainty in the estim of this mean value.

A large difference between the piston and meanasuof figure 14 indicates an exposure tool witmiigant across-field

Figure 13: “FieldResponse” Feature performance repad showing the Feature Value and it's response toariations in
the process.

Figur 14: Multi-Graph display of Field Response Daa
Corporation 2006
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systematic errors or lens aberrations.

The next two tabs of the interface plot the
Range and Standard Deviation of the
systematic and residual components for ea
family. Again, these are two values that we
desire to be at a minimum. The feature
design that exhibits the minimum variation
is therefore the optimum for this process.

The Weir PW OPC analysis can be extend

to any number of families as shown in figur

15. Figure 15 graphs the response of famil

features subjected to differing loading

conditions as 1:1, 1:2, and 1:3 spacing of

nested features. Both Vertical and

Horizontal feature orientations were tested

The difference in response for the four 90

nm targeted 1:1 dense packed features is  Figure 15: OPC Families for multiple density and ofentation.
clearly visible and suggests that this

exposure tool may not be suitable for 90 nm deitisegraphy.

The two drop-down controls next to the “Refreshttbo in figure 14 will change the available selentdf graphs. The first
control provides options that include an “All Dosstting plus one selection for every unique deskfacus exposure in the
data. Note that the data does not need to havépfeutose and focus exposure changes to see thegsieics however the
resulting entries in these two controls will chamgth the conditions of the input dataset. The gsamade available when
these selections are changed adapt to the laydie ahetrology data.

The second drop-down control lists the availablec@dmilies just modeled.

Leaving the first control on “All Dose” and seledgia family name from the will provide a set ofgncs showing the
response of that family to focus for every uniqoealas shown in Figure 16. This is of course thssat “Smile” plot.

In this example we can compare the response iariftr the dense packed vertical and horizontaiuees. Figure 16 shows
the Mean value, with error bars, of each dose cuile mean values is plotted with error bars esehgraphs report the
Maximum and minimum systematic excursion of theaxddteach dose for the OPC feature. Unlike thedsra “Smile” plot,
you can also visualize the stability of the featareach dose by plotting the “Range” and “StDéhis is accomplished by
selecting one of the last two tabs of the interface

Figure 16: Family “24B2" response to focus for eacldose of the matrix for Horizontal (left) and Vertical (right)
features with error bars for the Maximum/ Minimum m odeled systematic variation at each dose.

Corporation 2006
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If a single_ dose&value is selected in the
combo control, then the focus response of
each family is plotted against the focus
value for each curve as shown in figure 17
This is an excellent tool for comparison of
each feature’s response at a given dose. A
discussed previously, the Range and
Standard Deviation can also be shown.

The “clone” button located in the top
button-bar will clone a copy of this
interface. Cloning the interface provides a
tool for graphic comparison of several
response curves. For example, figure 18
shows a companion graphic of family
response at 25 mj/cm2 and the onset of
instability in the 1:1 feature for large focus
offsets at 01 um. Quite interestingly, the 1:
features appear to be more “Isofocal” in
behavior near the optimum focus of -0.1 ur
than their less dense-packed counterparts.

The comparison of figures 17 & 18 implies

that a larger depth of focus can be achieve ) ]
at 25 mj/cm2. Variation of systematic Figure 17: OPC Family response at 24 mj/cm2.

variation across the field also drops
radically for all features thereby suggesting atgerobustness of performance at 25 mj/cm2. Honinege is a rapid fall-off
of control when defocus moves above +0.05 um, gerhendering this exposure range impractical.

Figure 18: OPC Family response at 25 mj/cm2
Corporation 2006
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The following figures show some example graphied tan be obtained from the interface.

Figure 19: OPC Family response to dose at defocualues of —0.05 and 0.0 um.

This data is for a 90 nm target feature size. §gread shown in figure 19 for the 1:1 dense feataceoss the fields at -0.05
um defocus (left figure) is greater than that an®defocus. This illustrates that more than sizefisenced by focus and dose
uniformity.

Figure 20: OPC Family Systematic Range response Ebcus at Dose = 24 (left) and 25 mj/cm2 (right).

Figure 20 similarly shows the response of eachufeatet with focus for Dose values of 24 and 2&mg. However, in this
instance the Systematic Range of feature variattwass the die is plotted as a function of defocus.

Notice how the 1:1 feature range of the left jpibfigure 20 has a strond“order dependence on optimum focus. We can also
see her that the “34F7” dense packed features ibginéater stability than their corresponding “24B2sign. Uniformity
increases in the left graph at 25 mj/cm2 howevenw® see a large problem at the 0.1 um defocussdhr the 38F7 design.
This could be a “forbidden pitch” effect or may & artifact of the processing.

Optical tools provide additional information beyotag and bottom feature width. Side-wall-angle (SMigfan excellent tool
for process design stability. In fact plotting theiation in Range and StDev across the systeraatic field for the SWA is a
stable method of finding the optimum focus for al tas well as it's exposure latitude. This is aagiseimproved gquantitative

method of lens performance evaluation than thesidasethod of comparing several dozen SEM crossesephotographs.

Description of Weir PW OPC Extraction - Page 16 - © Copyright TEA Systas
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Film uniformity is a another unexplored area ofistut’s a well-known fact that Anti-Reflective dirag and photoresist
thickness have a strong influence both the featizeeand profile quality. Both films are monitdneot only their thckness

Figure 21: Modeled contour map of Photoresist (PR$hickness (left) and Systematic PR thickness by Fdiy

but also for uniformity. However both films haveong density changes that occur subject to thesxe intensity. Exposure
intensity changes not with dose but with the caogpéfficiency of the wavefront into the film. Théwee the thickness is
sensitive to proper focus and optical aberratiamess the exposure filed.

Figure 21 plots the plotted results of the fulldienodeled data as a contour plot of photoresiskitiess The classic signature
of a focus-dose matrix exposure can be seen indloe changes of the plot. The same data orgarigddmily is shown in
the graph on the right side of the figure. Theppralso shows that the 1:1 features result ingessoresist compaction while
the 1:3 features show the strongest compaction.

Notice too the greater range of Photoresist vamaticross the field for the 1:3 features and theesed difference in results

obtained from the mean field systematic value (loluere) and their corresponding offset-coefficigrt) for the 1:3 features.
This is caused by the switch-over in behavior 8fdattern density features from that of a denséegxhstructure to one that is
beginning to behave as an isolated feature withtgresensitivity to lens aberrations.

2.6 Features of Weir PW
Multiple sites per field
Point-and-click user mouse selection of sites
Multiple features per calculation
Across field signature derivation.
Metrology covariance statistics and plotting
Substrate, InterField and intraField models, siaisand visualization plots.
Best Focus Calculation
Depth of focus determination.

Iso-focal point determination.

Description of Weir PW OPC Extraction - Page 17 - © Copyright TEA Systas
Corporation 2006



Sept. 25,2006 http://www.TEAsystems.com

Best Dose Calculation

Exposure latitude determination

Process Window

Maximum rectangular or elliptical window

User-specified dose for depth of focus optimization

User-specified depth of focus for exposure latitude

Calculation of Exposure-Focus curve for any nundigrrocess windows, field sites and features.
Data culling

Automated, and by mouse-selection

Mouse function

Point-and-click culling of data.

Point and click mouse selection of data for displagtogram or Cartesian plotting.
Editing of plots

Display of selected data points.

Graphics

XY Cartesian, range, vector, histogram, contour, 8Dhe substrate, field, sub-Field, scan and slit

2.7 User Documentation
Documentation is provided as an adobe acrobat “fldfon CD-rom.

A hard-copy user manual is provided with everyrse

3. Program Environment

3.1 Platform

Weir PW is a Windows based, object-oriented apptioafor Microsoft Windows 2000 and Windows XP [iaitms. The
proprietary Lot Object used in the software allakii-down information retrieval and graphics aslvas “what-if” scenario
modeling of process and reticle response to coorext

Microsoft Excel is required for the software andyrba purchased separately or from TEA Systems.

Recommended minimum configuration is a Pentium I¥GHz CPU with at lease 512 Mbytes of memorgk3itorage for
programs is at least 40 Mbytes for programs andmare Gigabytes for data.

3.2 License Control

Weir PW employs software-only license control thkays to the disk and CPU of the system of insialtatTransfer of the
license from one computer to a second requiresigheto return a license-removal code to TEA Systeomfirming removal
of the software. Updates for demonstration or peenalicenses are delivered using telephone, emmaihy other textual
means.

Weir PW supports both single-user licenses thafisee to a specific CPU or multi-node licenses timay be used across
multiple nodes of the network.
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3.3 Operational Modes

Weir PW is a user-interactive application. The wsar directly influence, tune and guide analysiggiens that will influence
the positioning of the operating point of the protitn sequence in the process window.

The product image can be initiated as a stand-adppécation from the user’s “Start” menu or by sence calling from a
program external to the computer using windowsdsdash function calling conversions.

Data is stored in the open environment of Microgodtel™
windows applications.

workbooks. Output can be printed or cut/pasteal @ther

Programs can be fully automated using the Weir Ditis or the remote modeling of Weir DMA.

Weir PW Reports, data and graphics can be savEthasnet compliant web pages or email.

3.4 Typical Data Import Types

The following is a partial listing of data typesported:
CD-sem
Electrical Linewidth Measurement
KLA Tencor ProData and ProLith formats.
Optical metrology tools
Ellipsometric and scatter based metrology tools.
Optical and ellipsometric overlay and registratioals.

Thermal metrology etc.
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