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The results from a calculation of the systematiiat@ns in overlay modeled data can be used asa@bfack mechanism to
scanner positioning or as a highly accurate metfi@s$timation of positioning errors in locationsttwe field, wafer or lot
not actually measured. Two tabs appear after a imddiata analysis as shown in figure Siml. These paovide utilities to
assist in the evaluation of lot-correction techeigjand in the visualization of performance throsigtulation.

Full-wafer overlaySimulation employs the systematic errors of the processtimate distributions and is significantly more
accurate than a corresponding statistical calariatiat assumes a random distribution of the pmeg®rs. As a result this

is the preferential method of advanced users fes/fail or lot-gating metrics in the lithographyysence. The method
however is rarely used for IntraField analyses thedfull potential of the technique has therefovelve realized by the
industry.

Lot Correction Optimization tools within Vector Raptor provide a method of emaing the effects of various methods of
correction averaging. Obviously the engineer cagatitulate lot pre-exposure corrections for evangle field or wafer-
guadrant on the lot. Corrections therefore nediktaveraged and then inserted into the pre-lgpedor exposure. The
problem then arises on what level of averaging shbe used?

Should corrections use the average of all wafedsfigids measured in a calibration sequence orldhoore sophisticated
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Figure Sim-1: (Left) Raw data with overlay rotation

(Right) Field-model fitted overlay meting distortion by using only the Offset coefficiat.
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alignment schemes employ finer levels of averaging?

The following dataset illustrates the need for & Correction Optimizer. The plot on the left sidd-igure Sim-1 replicates
a set of data on a wafer that contains only a wafetion error.

If a simple field model of the form dx = A +BX —Ci¥ applied to each field on the wafer, then therlayedistortion can be
accurately calculated as shown in the figure orrititg side of Sim-1. Notice that the model onlyeded to fit each
individual field’s offset in order to successfuttyatch the errors found on the wafer. The averagé fiffset for the wafer is
(X,Y) =(-0.586, -1.125) nm

If, as is common in production, the average fidfdet value were then used to correct for overiagrean the lot, the
correction would be applied as shown in the lefesif figure Sim-2. Unfortunately for this typeaftor, the wafer-rotation
is not corrected and will show up in the residdalthe average field as is shown in the right siitgure Sim-2. This
implies that any product lots exposed using thielf&verage correction on this tool/reticle combimatwill also result in an
overlay distribution as shown in these residuals.

Vector Raptor’s Lot Overlay Correction Optimizeopides the tools needed to discover the resudtisdlin be obtained
through the use of lot-coefficient-averaging ofreations. Averaging schemes for lot, wafer andiftehsed correction
averaging can be combined with selective inclusibimdividual coefficients to exposure the optimstrategy for
minimization of errors due to processing, bakesiesticle heating, film stress and other highlytegsatic errors.
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Figure Sim-2: (Left) Average field offset correctbn applied to lot exposure

(Right) Resulting residuate average field-model correction.

When a dataset is modeled, each wafer, field ant8mes each subfield row or column is separatttdfto discover the
presence of systematic variations in performanseth&se systematic variations are found to regliaatoss broader areas of
the dataset, their stability as a process or thatacteristic phenomenon increases. The most sistgibde variations, such as
offsets, magnification errors and rotations, carasily corrected and since they tend to changleeasxposure tool is used,
should be monitored on a regular basis.

Feedback mechanisms rely on the averaging of sgsieralues while assuming stability at some lefahe lot-processing
sequence. For example, a lens aberration can leziexpto be stable for an extended period if exgoadjustments are not
changed. In contrast to the stability of the ldgeature, reticle-scan oriented distortions arédnlyiglynamic since they are
intimately tied to the rapid mechanical movemeritthe reticle-plate loading and scanning mechanisms

Signature extraction for overlay corrections ishiygdependent upon the process, toolset generatidrthe design rule level
of the products in production. Wafer and stage-gddections may require a periodic evaluation aftiple wafers in a lot
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for selected levels to discover the onset ¢
lens and reticle heating or even variation:
in process film reflectance. Should fields
located in the wafer center be exposed
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Figure Sim-3: Tabs for Lot Corrections and Simulatbn Visualization

Overlay errors in semiconductor manufacturing agélly systematic. The assumption, tacitly made Isyadistical analysis,
that the errors are random can lead to disastemusdts for the process. Results from this methagotdten result in process
instability as poor alignments are allowed to comdi processing or poor metrology results in theorkwef a properly
exposed set of wafers.

Vector Raptor’s Simulation utilities provide theots to evaluate systematic error behavior overbatgr areas of the lot.
Now a metrology set containing a few points peldfizan be extrapolated to obtain an true estimaifcthe systematic
variations of data across the exposure, wafer and he systematic estimation of data used in fabkk't gating will result
in more reliable production decisions and in theugiization of the true systematic performancéefaxposure toolset.

The Lot Corrections tab presents a series of sitgalks that work in conjunction with the check-ls®ections of the Model
Components interface shown in figure Sim-3. Thefficients of a wafer and/or field model must fibgt calculated using
the Model Components selection. The Lot Correcttabsof figure Sim-4 then provides the controlsdwaluating the
results that will be obtained by the different lisvef coefficients averaging for overlay correctidweraging optimization
will differ for each process and design rule usethe fabrication process.

The coefficients selected by check-mark in figuira-3 will be those averaged for the correction. hisrked coefficients
will be ignored and their contribution will not bemoved from the data. The example shown in Siras3delected all of the
modeled coefficients for the field and wafer witle texception of the wafer-offset. Removing alllef theck marks so that
only Offset is selected will result in a simulatithvat only experiences the removal of the offsehte

The radio-button Setup control of figure
Sim-4 is then used to determine the basis 1
correction averaging. Wafer and field
models are available depending upon the

— Spatial
Dizplay Selectinnl todel Eomponentsl ComponentHemovaII Plot Format - Lot Comections |Simulatic-n
Lot Carrections

 Setup )
type of modeling just performed on the dat: Base conections on modeled: Caloulate Conections |
The Wafer-model column of figure Sim-4 ) W?_[ef - Field
provides options for averaging the wafer- J;fe[ N ;
grid correction based upon the average Lot Field -
values as shown or each wafer.
Similar to wafer modeling, the Field-model

column provides Lot and Wafer averaging

Figure Sim-4: Lot Correction Controls
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but with an added option of including the
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After pressing the “Calculate Corrections” buttbe tinalysis of Sim-4 will average the field coedfits for each wafer and
calculate the resulting average field systematerlay. Field-average values are then added to #iervgimulated values
previous corrected and the residuals calculated.aFtalysis next moves to the next #2 of the lotrapeats the calculation
of fitted and residual values for this wafer. Thiegess is repeated for all wafers of the dataset.

The standard data visualization tools of figure -Simre next used to evaluate the results of thelation. This figure
details the corrections that would be applied ®lth based upon the averaging of level detailetiénsetup. The influence
that this correction method will have on the lewkbverlay errors in the dataset can be seen Igsprg the Wafer Residuals
or Field Residuals tabs.

Figure Sim-6 illustrates the level of overlay esrtitat can be expected on a lot if the Wafer Magatibn and Rotation
average for the lot are corrected along with this&@f Magnification and Rotation values of the agerfield for each wafer.
Field corrections were restricted to these valeset upon a re-selection of the field-model coefficcheck-boxes, figure
Siim-3, and subsequent re-calculation of the atioas.
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Figure Sim-6: Field based visualization of residual after correction of Offset, Magnification and Roation
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Lot Corrections work with the modeled dataset ®the influence of various correction coefficietnategies upon the data.
Simulations take this concept a step further almhvabisualization of systematic errors that extémgboints and fields
beyond the current level of metrology-measuredsite
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Figure Sim-7: Lot-correction simulation and visualization

For example, a modeled dataset containing fivetpaier field and six fields on a wafer can be exedo simulate the
errors that would be measured if the metrologys Taipability can be used in aberration visualizasitudies or as a method
of determining the maximum systematic errors oétadot when making pass/fail decisions during potidn lot gating.

The data Simulation data tab shown in
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’ Figure Sim-8: Simulation expansion from six fielddo whole-wafer
field values.
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Note that if the Wafer-Average wafer model seletimchosen along with the Field-Average field-moddues, then the
exact simulations for the data lot will be expandethe simulation. Field models calculated usimg Row or Column
model option cannot be exactly simulated.

Residual values are not calculated in this da&@seithe dataset is an entirely new dataset. Siegitms will be added to the
data workbook’s “Sites” datasheet and the dataheilsaved in the workbook as a datasheet.

The user can display and examine the statistighi®flataset. The dataset can also be modeled asinof the models
stored in the wafer and field libraries.

The simulation dataset is now a part of tt

data workbook and can later be separate R ECRE

loaded and modeled the next time the File Edit Data Analyses Tools Help Wafer2-4.5L5
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Figure Sim-9: Loading the simulated dataset folysis

- Page 6 - Simulation Interface



