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ABSTRACT

Many eforts in EUV are currently focused on detecting and reducing defects on blanks and patterned masks. Bumps and
pits found on blank substrates are particularly of concern since these effectively cause phase change and often print
seveely under EUV condition. With the current inspection of EUV blanks and patterned masks being primariy high
resolution DUV or ebeam based, it becomes very challenging to assess the impact of the detected defects. Even with the
realization of EUV AIMS™, expected in 2014, theature of the buried multayer defect in terms of its location, size,

shape, and profile will always be umtzn.

In this paper, we have demonstrated several techniques that can be used for EUV defect dispositi@hddtand

long-term. These tecatiques include use of SEM images for absodefect disposition, and AFM images for
determining the printability of buried defects. In the case of absorber defects, the SEM image of the defect is processed
through a novel contotextraction algorithm whiec accurately extracts the contours of the defectivegametrates the

contour of the reference patternehe mask contours are then simulated in Luminescent's EUV Defect Printability
Simulator (DPS), a fast and accurate EUV simulator, and the EUV aegdgksrsubsequently analyzedtle Aerial

Image Analyzer (AIA) For buried defects, modeatbaracterizing the growtbf the multilayer defect from substrate and
multi-layer to the surface have been developed cardbecalibratedin several ways, includingsing crosssectional

TEM profiles of buried defects. Using tlwalibratedburied defect growthmodelthen, and the surface profile of the

buried defect as indicated in the SEM and AFM images, the exact nature of the buried defect is "recovered". Knowing
the profile of the buried pit or bump defect through the mlalgier then allows estimation of its printability impact in

DPS. Furthermore, this also enables computing changes that could be then made to the absorber pattern in order to
compensate for theubied defect printability, i.e., in Luminescent's Muliyer Defect Compensation (MDC). This
technique of inverting to the shape and height of the bukédelctcan also be refined later once EUV aerial imagyes
available.

While defectivity on EUV maskis currently the #1 concern in its higblume adoption, disposition of the detected
defects to EUV conditions is also very crucial. The proposed disposition techniques using Computation Lithography can
be used in combination with pritgsts to make theverall EUV mask defect handling flow manufacturable.
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1. INTRODUCTION

As lithography extends t&UV regme for sub22nm halfpitch nodes mask and blank related féet handling have
becomeone of the main priorities to ensure reasonable die yields and also manufacturability of the mask making process
itself. During EUV mask patterning, there not only ares@iberlevel defects, for example intrusions, extrusions; pin

dot, pinholes, etc. as typically found on DUV masks, but also defects found in incoming thdayedt{ML) blank

material. These generally are defects induced in the blank substrate durmgatimechanical polishing (CMP),

mostly showing up as bumps or pits dmettop of the ML. And a fewvare induced during the ML deposition process

itself. Figure 1 shows examples of thakeeetypes of haredefects found on EUV masks and blafiks
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Figure 1. Typical EUV mask and blank hard-defects

Defects on DUV masks have generally been characterized for printability on aetilbmagebased tools, for

example AIMS™ or AERA™. However, for EUV, there is no actinic defect review system available for use in the mask
shops and perhaps it will be many years before a produaganly, and affordable system is availaBlerthemore, even
when such actinic review systems are availdllewing the underlying buried pit and bump defect characteristics
through the ML, for example, will be essential in being able to accurately repair the overlying absorber material to
compensate fats effect[2].

Computational Lithography techniquean effectively address many of these gaps in actinic review and characterization
of EUV defects. Similar techniques have been developed and implemented in production of DUV masks for example, in
transbrming maskplane inspection images to actinic aerial images to actual scanner illumination optics to resist print
image[3],[4],[5],[6].[7].[8] - These have also been enabled by the development and calibration of optichkand e

models to characterizeasks, review systems, exposure systems, and wafer @mshining these techniques with the
development of a fast and accurate EUV Defect Printability SimJ@tpa comprehensive EUV defect disposition flow

has been developed and discussed in thismpap



2. PROPOSED EUV DEFECTDISPOSITION FLOW USI NG
COMPUTATIONAL LITHOG RAPHY

Figure 2 shows a proposed flow for dispositioning EUV defects, originating from both blank manufacturing and absorber
patterning. ML defects on EUV blanks are generally detected during inspection(s) performed during blank
manufacturing. The location coordinates of the defects detected, say at the final blank inspection, are saved. After the
absorbeflevel is patternedtiis difficult to detect these defects, partly because all current EUV inspections are being
performed under 193nm wavelength conditions and partly because the buried ML defects are essentially phase defects
that may not print under nominal, i.e., bé&stus conditions. Hence, in the proposed flow, an AFM image of the
patterned mask is taken over the location of the ML defect found earliag dilank inspection. Using thep-surface

height profile information, the ML defect shape, size, anthtion isthen computed. Knowing thburied defect
characteristicshrough the ML defect printability simulation is then performedEUV DPSto determindts expected
printability.

Next, DUV inspection of EUV masks at absoHerel detects many extra or missingsatber material defects. These
defects can bdispositioned based dheir corresponding SEM images. Using comprehensive SEM image modeling and
processing algorithms, mask contours of the defect and surrounding geometry are extracted, and also ctivgours of
defectfree or reference geometry are generaldwt defect and reference contours are then simulated in EUV DPS to
determine the expected printability of the absorber defect.
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Figure 2. Proposed EUV Defect Disposition Flow



3. SEM-BASED ABSORBER DEFECT DISPOSTION

3.1 Process Flow

For EUV absorber defedisposition, SEM images of defects detected during DUV inspection of patterned mask are
taken.The SEM image contours are extracted using LAIPH 3B#&fial algorithms, and in the process, reference, i.e.,
defectfree SEM contours are also generated, either from another SEM reference image or simply a r2RK it

of the region. The defect andfeeence contours, thus extracted, are then simulated using LAIPH EUV Defect
Printability Simulator DPS software which pides fast and accuratmulation of EUV defects througfocus. And

finally the defect and reference aerial imagesanalyzed usindAIPH Aerial Image Analyzer (AlA), providing an
automated and accurate analysis of defects in aerial images consistent with AIA use in production at many mask shops.

Figure 3a shows this integrated process flow, and Fsgeibeand 3c respectively show sanple and detailedmage
input-output to this flow.
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Figure 3a. Process Flowfor SEM-based absorberdefect disposition
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Figure 3b. Sampleextrusion-type absorber defect disposition
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3.2 Identification of Partially Reflective and Phase Defects usin§EM image

The SEM contoubased approach faebsorberdefect dispositioreffectively assumes fulheight absorber material.
Hence partially reflective and/or phase defecta the form of partiaheight absorber oburied ML or soft, i.e.,
contamination defects also detected duabgorber pattermspection, need to be identified and excluded from further
SEM-based simulations. EUSEM2Aerial algorithms havthe capability to identify such defectd few examplesof
such defects are shown in Figure
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Figure 4. Partial-height absorber, buried ML phase, and contamination defects are identified based on their SEM
images and excluded fronfurther SEM -based absorberdefect disposition



4. AFM-BASED MULTI -LAYER DEFECT DISPOSI TION
4.1 Process Flow

The AFM-based ML defect disposition involves first calibrating a model for characterizing the evolution of a buried
defect from the substrate through the stacks ofavid Si bilayerdJsing this growth model and the AFM height profile
of the defect on top of the ML, thiefect shape, location, and profile as buried on the subatrdtevolving through the
ML is recoveredWith thisknowledge of the buried defect pilefthrough the ML, its printability impact is then
simulated using the LAIPEEUV Defect Printability Simulator, and the subsequent aerial images analyzed using the
LAIPH Aerial Image Analyzer (AlA)Figure @ shows the overall integrated process flowp atferred to as Muki

layer Defect Recovgr(MDR). Figure % showsthe flow usinga sample ofjienerated AFM data.
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Figure 5a. Process Flow for AFM-based ML-defect disposition
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Figure 5b. Samplebump-type ML defect disposition

4.2 ML defect growth model calibration

To characterize the evolution of a buried defect through the-taytr, Stearndormulation of the growth wdel is used

[10],[11]. Separate models would be developed for pit vs. bump type of ML deféetsnodelneed to be calibrated
from data which could be obtained in several ways:



Method#1: Program buried defects of varying height and width on susbstrate, and ABMfagp height information.
Figure & shows thg@rogrammedburied defect bottom height/width vBFM-measuredop height/widthinformation
that would begathered into a correlation table and then fitted through a calibration engine to generate the growth model.
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Figure 6a. Calibrating ML growth model from programmed defects on substrate

Figure 6b shows a sample of such calibration performed gmogrammed bump defect mask reportedSELETE at
2008 EUVL Symposium [12]As can be seen from the graphfier calibrationthere is good correlation between the
AFM measured and calibrated heightlavidth of the programmed buried defects, at the top of the ML.
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Figure 6b. Sample growth model calibration based on data published by Selete at 2008 EUVL Symposium

Method#2:Throughfocus print, and AFM tosurface height information of many tédL defects. As shown in Figure
6c, this information together could be used to recover the bottom, i.e., substrate height and width of the ML defect,

thereby generating a correlation table of-sypface height/width vs. bottom height/width, and usingrala approach
to Method#1 to then calibrate the growth model
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Figure 6c. Calibrating ML growth model from through -focus print test results of several ML defects
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Method#3: Crossectional TEM of sample buried defects. This is probably the ngostate approach in calibrating the
growth model by using the-XEM contours as extracted from the TEM images, as shown in Figure 8d.

Figure 6d. Calibrating ML growth model from cross-sectional TEM images of several ML defects

Figure6e shows thgrowth model calibration flow. The calibration starts with the bottom or substrate contour of the X
TEM data. An initial growh model is applied to generatee simulated TEM contours through the ML. These are
compared with the actual defect contours, drarhodel updated accordingly. The calibration is considered converged

when the modeled and original TEM contours overlap well.

Figure 6e. Growth model calibration engine developed



