Product Overview

Vector Raptor;

TEA Systems Corporation

Advanced Overlay & Registration Control

A T7th generation overlay & registration tool for sub-45 nm o
Lithography. Includes special Double-Patterning Lithography(DPL)
tools such as the ability to comparatively model & analyze DPL’s
influenceon any feature profile or Critical Dimension (CD) Data.

Applications

> Engineer 3Workbench or ProductionAutomation

> Analyses can be encapsulated intomacr os and production

automated with trend chartsusingWeir DMA
> Eliminate Double Patterning (DP) Error Sources
> Reticle
Processerror effectson Enhance Feature response
Scanne- to-pattern alignment
Registration mark-to-pattern alignment
Haze and lens contamination buildup
Individual SiteErrors
Pattern registration drift
> Target quality assessment
> Process
> Film Thicknessnonunifor mities
> Edge and edge-bead influence
> CD sizevs Registration Correlation
> Metrology Tool
> Hard metrology errors
> "Soft” errorsfrom “ near-miss’ captures or process
> Precision and covariance of variables
> Exposure Tool

YV VY VY VY VY

> Wafer levelingand edge effects
> Substrate film sensitivity
> Grid stepping
> IntraField and InterField variation
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M ouse-sel ected data subset plotted as a function of
X-location on the wafer

Vector Raptor is a trademark of TEA Systems Corp.
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> Lensdlit characterization 1\\ HE,{.,E
. W, AT
> Reticle-scan range of variation-_ :Ql::; E
> Reticlescan path uniformity < SSA R 3:.:35,'
> Scan-direction sensitivity L =

%

> Reticle& Photomask
> Process Control and control-surface mapping

> Dataencapsulation for reticle signaturetransmis-
sion to thewafer fab

> New design qualification Process uniformity con-
trol

> In-wafer-processreticle validation
> Simulation Support
> Results feedback and verification

> Processtolerancederivation for Design for Manu-
facture

> Lot,wafer, reticle, field, lens and scan signatures
> Featureresponse confirmation
> Characterization & Optimization
> Double Patterning Lithography (DPL) control
> Double Exposure Lithography
> Focus& dose signature response mapping for RET
> Reticle stage-direction sensitivity mapping
Reticle feature derivation from wafersimages
Lensand scan-stage performance modeling
M atching of tool sets & reticles

Exposuretool stage, wafer-leveling, scan direction,
lensdlit performance on profiles, Pre-lot exposure
setup

> Reticle and wafer signature removal for improved
tool and process-contribution chzr ecterizaticn
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Below: X-Y Overlay Vector
Magnitude Contour plot showing
process-contribution to errors
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variation of 3-5 nm
due to reticle-scan

Right: Single contour field of X-Overlay
errors exhibiting reticle-scan induced
errors.

Box-Plot to right charts X-Overlay as a
function of the Row Position on the field.
Notice the ~5 nm cyclical error caused by
the reticle-scan.
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Applications Continued

> Film-control and featuredesign

>
>
>

automated error-budget and precision calculation.

gpatial characterization.

wafer, field, lens-dit, reticle-scan and mask-featur e/site
perturbation analyses.

model and smulationsfor “ what-if” scenario queries dur-
ing tool tuning sequence.

2D and 3D control surface mapping.

optional removal of selected modeled, raw and reticleerrors
before analysis.

> Exposure Tool and M etrology

>
>
>

characterization and critical setup
Error-budget and precisonmodule.
performanceand variable covariance mapping.

> Yidd Control

>
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of X-Overlay

APCM odeling Engineusing Weir DM A scripting
Reticle performance evaluation

Reticle Enhancement Technique (RET) optimization
Simulation of full-process contribution and corrections
Exposure; source and uniformity mapping

Film uniformity mapping Performance and process daily
monitor

Left: X & Y Overlay Contour plots
showing wafer-edge errors of process.
Notice the larger errors located in the
very center of the wafer from the
photoresist dispense step.

Also notice the four dice on the left
edge where the Y-alignment failed.
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Import Metroloogy Data

Load Workbook Data Model Editor

Print screen Layout Editor
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Family Member Selection
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Copy Graphi[:nly\

\ Active data worksheet

View current ) )
data in workbook Variable Under Analysis in workbook
format Copy Screen
Data Input & Storage Features
> Vector Raptor loadsdata from the Weir Standard Format stor - > Models
agethat uses Microsoft Excel © workbooks. After the first > User-customized & industry-standard
raw-dz_ita import, thiswor kbool_< |sreta|ned and loaded di- > Advanced adaptive control surface engine
rectly into the software from this user-friendly format. All > _ . .
data, analysisreportsand Vector-Raptor derived response Automgted _smgulqnty and spread culllng.
data setsarealwaysavailable and open tothe user. > "What-if" simulation performance analysis
> Weir Workbook entered data and reportsare summarized in > Application to grid v. wafer performance
a hyper-linked " Index" for rapid access and can be saved to >

any html-format site.

> Data from ANY metrology tool is easily imported into the
Weir Workbook for analysis.

> Thereisnever achargefor updatesor additionsto the metrol-

ogy library aslong asthe data is a standard metrology for mat
or isintensively used by the customer.

> ASML overlay, registration and FOCAL datatoo!

> Drag & drop fileloading.

> Open, documented data and report formats
Sorage & Reporting

> Microsoft Excel ™ Spreadsheets and wor kbooks

> HTMLReports; many reportsare generated and stored in the

data'sWeir Workbook. Reports and graphics can be saved
intoHTML format for display on any web site.

> Open system; accessto all raw, calculated and modeled data.
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Box in any data subset to cull points,
plot graphics or view data points

Process, InterField, IntraFied, Lens-Slit & Reticle
Scan focus application

> Process, grid, lens and dlit/scan extraction
> Registration vsCritical Dimension comparison

> Graphic & Data Interface
> Drill-down, interactive graphics and data
> Mouse-generated graphics, viewing and culling of
any data subset
>

Five (5) levels of manual & automated data culling
> Any size data set up to 65,536 data points
Supporting Analyses

> Precision calculation
Covariance calculation
Radial wafer dependency analysis
Feature population frequency and spectrum
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System Requirements

> Vector Raptor isfunctional using single-node and
multi-node licenses on Windows 2000 and XP.

> Microsoft Excel isrequired for data storage.

> Pentium IV CPU, 1.2 GHz, 256 Megof RAM,
1024x768Graphic Monitor and 2.0 G bytes free space

on disk for programs. Data storage may require up to
8.0 Gigabytes additional.

Vector Raptor Copyright © 2007 TEASystems Corp.
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A New Approach

Overlay and registration data analysis has been
used extensively since the early 1980's when
automated metrology was first introduced.
There have been many overlay software pack-
ages provided over the years and every metrol-
ogy tool and some exposure tools come with
their own software. So why a new software package for overlay and
registration analysis?

Quite recently classic overlay metrology methods based on automated
optical microscopes have been joined by ellipsometer and scattering
techniquesthat simultaneoud'y measureboth overlay and feature profile
characteristics. Frocess control efforts therefore need a device-
independent means of reading in datafrom any sourceto calibrate and
understand the metrology response to subtle changes in test pattern
design. New methods of comparison, correlation and calibration are
also needed totunethesetool sfor processyield control.

Recent device-design nodes enjoyed the presence of process margins
that had been improved to the point that most of the overlay error was
within the capabilities of a properly tuned exposure tool ("Scanner”).
However this safety margin waseliminated asrecent radical changesin
the approach to semiconductor manufacturing lithography were altered
by adrastic changein direction of the technology roadmap into"Double
Patterning”.

" Double Patterning” (DP) is the selected method of extending the
current proven "i193" technology to smaller feature sizes by splitting
the most complex layersof new designsinto twoto fiveimaging levels.
Each splitlevel requires sequential exposure anddevel opment of differ-
ent resist films and multiple etch steps to transfer the pattern-mask into
the substrate. Theintent of thistechniqueisto allow thelevel of reticle
enhancement to remain a present levels while continuing chip-design
progress a few more nanometers (nm) down the design-node dope.
Classic overlay control techniques have been developed to optimize
layer-to-layer pattern registration. Reticle manufacturing problems
such as alignment-mark to device-pattern registration were easily con-
trolled as a smple offset and rotation of the wafer exposure. Reticle-
manufacturing process variations were acceptable aslong asthefeature
size distribution feel within production tolerance. These levelsof con-
trol arenolongersufficient for the needsof sub-45nmdesigns.

The complexity of Double Patterning technology israised by increased
within-layer pattern-to-pattern registration demands to the mask-
maker aswell asthe device manufacturer. The DPmethodol ogy presents
aneedfor somevery clever pattern-splitting algorithmsin chipdesignto
mini mizethe number of exposures required to piece together these criti-
cd layers. For the lithographer, these splits mean that the demands on
process control will spiral upward with the additional need to control
multiple reticle pattern shifts, rotation and even the effective critical
feature Size that are now occurring within a single lithographic device
layer andwill eventually still be subject to the sameintra-layer require-
ments. For thefirst timethe overlay and even feature size uniformity of
the most critical layers of the process will be registration and feature-
size sensitive to whol e-wafer process and exposuretool systematic drift
whose errors are now derived from both reticle and wafer fabrication
steps. Small changes in reticle alignment mark to pattern placement
result notonly insingle-field registrationerrorsbut alsoin areductionin
feature size uniformity. Small variations in across-plate reticle process
uniformity from etch or film variation compound to i ncrease the across-
field and across wafer uniformity of critical features and single-layer
registration that in-turn complicates theoverlay task of alignment to it's
referencel ayer.

Vector Raptor

Advanced Overlay & Registration Control

So with adevice-layer now exposed by two tofivereticles, how doesthe
lithographer quantify and correct for errors created by the individual
mask, wafer-processor exposuretool ?

Vector Raptor providesthe tool s needed to extract the individual contri-
butions of metrology, reticle, processand exposuretool. These new tools
areenhanced by:

> Tools for Double Patterning Lithography (DPL)
> Breakout for comparison all raw data values and modeled
control-surface elements by DPL pattern-split, wafer, focus,
dose, NA, Sigma, scan direction etc.
> Apply any modelsto wafer, field, scan-direction or lens-dit
to determine the level of error contribution of each

> Deconvolve the source of pattern misregistration to reticle
design, reticle process, metrology, wafer process, scanner-
stage, scanner alignment, scan direction, lens error or old-
fashioned alignment error.

> Load and compareANY critical dimension (CD) or fea-

tureffilm profile data to overlay or registration data to deter-
mine the level of Double Patterning error's contribution to

feature-size errors.
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> Advancesinmodelingmethods
> improve precision and accuracy,
> industry-standard models are provided for al exposure tools
> user-defined model swith the unique VR Model Editor
>

model application to derive scanner stepping-grid or process
induced errors.

> modd fitting to fulfill the classic full-field alignment re-
quirements aswell as reticle-scan and lens dit contributions

> highly advanced tools that enable the lithography to model
the above sengitivities to variationsin exposure-dose and
defocus.

> anobject-oriented approach to data organization

> alowsdrill-down examination of graphicswith direct link-
age to the data,

> automated precision analysis
> extracts performance i ssues between metrology, reticle and
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Feature Response from Popul ation Median used when
testing metrology fidelity

exposure-tool contributed errors such as stage-stepping,
reticle travel, scan-direction and lens-dlit aberrations
> simulation of individual error-source contribution
correction improvement based upon measured and modeled
performance.
> automated correlation between metrology variable response
and feature-design
> data culling supported by multiple levels of interactive and
automated techniques to improve cal culation precision
> easy incorporation of focus and exposur e-dose response
through the use of the interactive graphic interface, alibrary of

user-defined layout templates or
direct data acquisition from the

metrology (when provided).
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Wafer & Field Modeled Corrections
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X-Axis Regigtration data
fromASML Metrology.

L oad overlay, two-layer
. regigtration, excluded
~and derived data.
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Scan-5lit Rotation

Field Rotation
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Top: Field and Slit rotation Analysis
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