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Introduction

One of the main tasks, arising during the automatic
reticle inspection is the task of providing low level of false
and nuisance defects detection. In earlier publication [1]
there were presented the causes of arising of false defects
by die-to-database inspection. The main of these causes are
misalignment of optical and reference images (1), as well
as the high level of sensitivity of image acquisition sub-
system (2).

The necessity of inspection fulfillment with high
sensitivity level is stipulated by two causes. First, by the
necessity of recognition of images with low contrast (semi-
transparent defects), and second, by the necessity of taking
into account the possibility of the worse chance of defects
location alignment with digitization grid of the inspection
system (Fig.1). This is stipulated by the probabilistic
character of process of images digitization.

The first problem (1) is solved by means of the
creation of multilevel alignment sub-system. This sub-
system consists of the set of alignment procedures, which
are performed both statically (before the scanning process),
and dynamically (in scanning process). In order to get
positive result VSA, which are being fulfilling also in the
scanning process, must work in concord with dynamic auto
alignment sub-system of images.

The second problem (2) leads to the necessity of
solving of contradictory task. On the one hand, the
necessity of semi-transparent defects detection with low
contrast demands maximum sensitivity of image
acquisition sub-system, and on the other hand, maximum
sensitivity of this sub-system involves the increase of the
false defects number.

Description of the virtual scanning method

One of the ways of solving the above mentioned
problem is the using of VSA, providing sub-pixel
resolution by isolated defects of all types. The using of
these algorithms allows to detect semi-transparent defects,
not resort to use maximum sensitivity settings, and,
thereby, not worsen detection probability of false and
nuisance defects. In order to achieve necessary result these
algorithms must be used concurrently with dynamic auto
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alignment sub-system, providing precise alignment of
optical and reference images in the process of die-to-
database inspection. For the providing of the effective
building in of these algorithms to the inspection system,
has being created the special two-level dynamic model of
optical image. This model allows, on the one hand, to
perform the precise alignment of optical image with a
reference image, and on the other hand - to perform the
analysis of optical image to get optimum mutual position
of the digitization grid of the inspection system and
detected defects position (Fig.1).

Both the VSA and the second level of dynamic model
of optical image, are presented the VSS.

By the use of VSA sub-pixel resolution is achieved
owing to the forming of dynamic two-level model of the
process of automatic layout inspection. The first level of
the model is formed by dynamic auto alignment sub-
system, which provides the alignment of optical and
reference images. The second level of the model is formed
by VSA, which provide optimum alignment of digitization
grid of inspection system with spatial defect location. VSS
is designed like a sub-system of EM-6029B and EM-6329
die-to-database mask inspection systems.

Both the alignment of optical and reference images
and also the alignment of digitization grid of inspection
system with spatial location of mask pattern features are
performed by means of two-levels model, which becomes
actual on each scanning step.

The first level of the model appears to be a
combination of two align halftone-model of optical and
reference images, in which each pixel corresponds with
appointed signal code. The most complicated problem
during the building of this model level is the definition of
current point of optical image, which corresponds with
current point of reference image. This task is being solved
in the scanning mask process owing to dynamic auto
alignment sub-system of images. This sub-system (Fig. 4)
has been built on the basis of multi canal comparator,
which calculates on each step the number of differences of
optical and reference images by sixteen possible variants
of misalignment of these images. Further, according to the
minimum of differences, the point of optimum alignment
is defined.



analysis sub-system storage is built halftone model having
scanned pattern layout. After that it is performed elements’
group search, having signal amplitude higher than noise
threshold, but lower than that allows to make the
conclusion about the image presence.
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Fig. 1. Variants of defect placement, taking into account by
virtual scanning
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The second level of the model appears to be a
halftone model; it has been got as a result of scanning of
the first level model. The scanning is called virtual,
because it is not connected with movement of real images
and acquisition of optical images. It is performed by means
of fulfilling of definite code transformation of the raster
model of the first level, and as a result it is forming the
second level model, which corresponds with some image,
of which the real scanning haven’t been performed.

The building of the first level model is performed
with outstripping relative to process of verification of
optical and reference images, what makes the both model
levels to be independent.

VSS allows to perform code transformation of
halftone raster image model of the first level, and as a
result it is formed models' set of the second level. Each of
these models' set corresponds with certain variant of
alignment of digitization grid of the inspection system with
defect image (Fig.3). By means of analysis of amplitude
contrast of each image model from the received models' set
of the second level it is chosen that one, which
corresponds with optimum alignment of digitization grid
of inspection system to the current image feature (which
can be , in particular, a defect).

VSA allow to introduce the correction of the
determined defects location in pixel parts on the halftone
image model, simultaneously changing halftone pixel
codes, so as they would change, if equivalent misalignment
would be during a real scanning. By all this in the image
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Fig. 2. Semitransparent defect examples and proper signals’
diagrams of CCD-sensor (amplitude contrast of defect)

Further, it is performed gradient analysis of spatial
signal distribution, received during the process of pattern
photometric measurement, which allows to reveal compact
areas of signals’ anomalies. This analysis is performed in
the nearest environment of current alignment point of real
and reference images in the range of the work of dynamic
auto alignment sub-system.

In the case of detection a cluster of signals with
monotony levels changing, it is performed signals group
integration, after that formed integral value is given to
pixel, corresponded with current point. This value is being
analysed and, in the case of the exceeding of signal
amplitude threshold value, it is registered as a defect.

Such approach allows to perform optimum alignment
between digitization grid of the automatic reticle
inspection system and mask pattern in one pixel range by
the both co-ordinates. In its turn, it allows to get always
maximum possible amplitude contrast of signals in the
digital image model of small elements on the output of
used photoreceivers. Accordingly, such approach allows to



tune the image acquisition sub-system without taking into
account the possibility of near-pixel sizes defects’ passing
through adjacent photoreceivers (Fig. 1). VSS is used
during comparing both contrast and halftone images.
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Fig. 3. The influence of feature sizes on its contrast for the lenses
with different apertures

VSS goes well with dynamic auto alignment sub-
system of images, which performs the alignment of optical
and reference images in whole or fractional pixel parts, but
work with outstripping. VSA perform the signal code
modification on the model only, without changing of real
mutual position of optical and reference images from the
point of view their global alignment.

VSS don’t change (neither improve no worsen)
mutual alignment of optical and reference images, but only
align the digitization grid of the inspection system with
real defect position.

These two sub-systems form two-levels image model,
which allows, on the one hand, to perform precise
alignment of optical and reference images on each
scanning step, and on the other hand — to perform optimum
digitization of pattern.

For example, in image acquisition sub-system, which
has amplitude resolution on the level of four signal units, a
defect with size of one pixel, having 40% optical contrast,
after scanning can be presented by four pixels with
amplitude electric contrast on 10% level. Virtual scanning
algorithm, performing the integration of adjacent elements,
in this case transforming it into one pixel element with
40% amplitude contrast. Fig.2 shows a semi-transparent
defect example. Performing of such transformation would
allow, in its turn, to detect such defect with high
probability.

Thus, the inspection system, which has a detection
capability P without using VSA, must be designed taking
into account the possibility of defect (with near-pixel sizes)
dividing into parts during photometric scanning. Usage of
VSA allows not to take into account this opportunity and,
accordingly, to provide the better detection capability P-
AP. In response to this fact it is certainly necessary to take
into account real resolution capability of tool’s optical sub-
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system. Features contrast for lenses of EM-6029B and
EM-6329 inspection systems is shown in Fig. 3.

As the Fig. 6 indicates, real tool’s lens resolute the
pattern features, essentially lesser than pixel size, with
satisfactory contrast. So, for example, for the elements
with the sizes of 0.12 pm is getting optical contrast on the
level 0.5 and 0.3 for lenses with aperture 0.75 and 0.5
accordingly.

Results of the use of VSA

During the inspection using die-to-die or die-to-
database comparison methods on each step of image
scanning it is possible to know exactly what pattern must
appear. Especially it is possible to determine exactly in the
case of die-to-database method, because in this case the
reference image has an ideal form, that essentially decrease
the analysis complication and increase considerably its
trustworthiness. This circumstance allows on each
scanning step due to quite easy hardware logic to have the
sign, which determines the type of inspected pattern. That
allows to choose the proper virtual scanning alghorithm for
each defect type separately, and to spread forming
principles of the two-levels model of layout digitizing to
all defects types.

Sub-pixel resolution by such approach allows to get
the detection capability of inspection system for image
with high contrast at the minimum 20% more.
Accordingly, the image capture factor K4 [2] {K4 =Defect
size/ (A / NA)} decrease approximately on 20%. The value
of sub-pixel detection capability by such approach is
0,20um by pixel size 0,25um, 0,40um by pixel size 0,5um.
By lesser pixel sizes these values can be different,
depending on specific realizations of image acquisition
sub-system and using algorithms. The calculation value of
sub-pixel detection capability by the pixel size of 0,15um
is 0,12pum.

The value of element’s contrast, beginning with that
they can be printable defects is difficult to determine
because of the multiformity of mask classes, differed by
this sign. These values depend on many factors, such as,
for example, wavelength of wafer stepper, the type of
layout, on the transmission value of substrate material and
photomask coating and so on. In some cases the critical
value of transmission errors can be on the 6% level [3].
The necessity of transmission error inspection on such
level can appear, for example, during the work with weak-
contrasted images [4,5].

Conclusions

Thus, the usage of the two-levels model of image
with VSA, working concurrently with dynamic auto
alignment sub-system, allows to improve the detection
capability of die-to-database reticle inspection system,
namely:

»  to increase the detection capability of the inspection
system (to decrease the detection threshold) without
a pixel size changing;

» to decrease the probability of false defect detection

owing to the inspection system can inspect at lower
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The description of the new Virtual Scanning Algorithms (VSA), providing sub-pixel resolution, is presented. VSA are developed
specially for EM-6029B and EM-6329 die-to-database reticle and photomask inspection systems of UE"KBTEM-OMO" Minsk,
Belarus. For the effective building of these algorithms into the inspection system the special two-level dynamic model of optical image
was created. This model allows to perform the precise alignment of optical image (collected from the reticle) with a reference image
(generated from the design data), and to perform the analysis of optical image to get optimum mutual position of the digitization grid of
the inspection system and detected defects position. VSA calculate the second level of this model. Both the VSA and the second level of
dynamic model of optical image are presented the Virtual Scanning sub-System (VSS). VSS allows to increase the detection capability
of automatic reticle inspection system by means of achievement sub-pixel resolution. During detection of semi-transparent defects, VSA
allow to get maximum available amplitude contrast of the CCD-signals on the image model. VSA allow also the inspection system to
work without using maximum sensitivity settings with the same detection capability. Result is the reduction of the risk of false or
nuisance defects detection while keeping maximum sensitivity to printable defects. The VSS design and test results are discussed. Ill. 3,
bibl. 5 (in English; summaries in English, Russian and Lithuanian).

C. M. ABakoB. CyOnukcejbHOe pa3pelieHHe NMPH KOHTPoJie GoTomAGJ0HOB METOOM CPABHEHHSI C MPOEKTHBIMHU JAHHBIMH //
DJIeKTPOHHUKA U djleKTpoTexHuka. — Kaynac: Texuousorust, 2007. — Ne 7(79). — C. 45-48.

[IpencraBneHsl HOBbIE aNrOPUTMBI BUPTyadbHOro ckaHuposaHus (ABC), obecneunBaromme cyOnukcenbHoe paspemenue. ABC
pa3paboTaHO CHELHATbHO Ul YCTAaHOBOK KOHTPOIIS (OTOLIaOI0HOB METOIOM CPaBHEHUsI C MPOSKTHbIME AaHHbIMH DM-60295 1 DM-
6329, pazpaboranubix YII «KETOM-OMO» (Munck, benapycs). s obecrieuenust 3pheKTHBHOr0 BCTPauBaHHsI ITUX AJITOPUTMOB B
CHCTEMY KOHTPOJIS, CO3JlaHa CIeLHalbHAs NBYXYPOBHEBas AMHAMUYECKas MOJEIb ONTHYECKOro H300paxxeHHs. Mozenb Mo3BOiseT
BBIMIOJIHATH TOYHOE COBMEICHHE ONTHYECKOro H300paxkeHHs (moiydaemMoro ¢ (oTomabioHa) C STalIOHHBIM H300paKCHHEM
(reHeppreMMM U3 MPOEKTHBIX )IaHHl)lX) H BBINIOJIHATH aHAJIU3 ONTHUYCCKOIO 1/1306pa>1<e1-11/1$[ JUIS TIOJTYYE€HUST ONITUMAJIBHOI'O B3aMMHOI'O
PacHoNOXKEHHsT CETKU TUCKPETH3alMN YCTaHOBKH KOHTpOJS U 0OHapyxuBaeMmbix aedekrtoB. ABC dopmupyroT BTOpoll ypoBeHb 3TOi
mozenu. ABC u BTOopod ypoBeHb AMHAMHUYECKOW MOJAENIM NPEACTABISAIOT CHcTeMy BHpTyanbHoro ckanuposanus (CBC). CBC
HO3BOJISIET YJIYYIIUTh OOHAPYKUTEIBHYIO CIOCOOHOCTh YCTAHOBKM aBTOMATHYECKOIO KOHTPOJIST (OTOUIAOIOHOB 32 CUET JOCTHIKEHUS
cyOnuKcesIpHOro paspeiueHus. [Ipu oGHapyKeHUH MOIYHPO3pavHBIX Je()EKTOB ATH AJTOPUTMBI ITO3BOJISIOT, B YaCTHOCTH, IMOJIydYaTh
MaKCUMaJIbHO BO3MOKHBIA aMILTUTYAHbINH KOHTpacT curHaia [13C na monmenu uzobpaxkeHus. ABC MO3BOJSIIOT yCTaHOBKE KOHTPOJIS
paboTaTh HE HCIOJIB3YSl MPEICIbHbIE BO3MOXXHOCTH 110 YYyBCTBUTEIBHOCTH C COXpaHEHHEM TOH XK€ caMoil OOHapyKUTEIbHOU
crocoOHOCTH. Pe3ynbTaT — yMeHbIICHHE pUCcKa OOHAPYKEHUS! JIOKHBIX WIIH HEKPUTHYHBIX J1e(EKTOB IIPU COXPAHEHUH MaKCHMaJbHON
YyBCTBUTEIBFHOCTH K KPUTUYHBIM JiedextaM. OOCYKIAI0TCs pe3ysIbTaThl IPOSKTUPOBAHUS | NpeABapuTenbHbIX ucnsitanuii CBC. Wi
3, 6ubi. 5 (Ha aHIIHIICKOM sI3bIKe; pedepaThl Ha aHTIIMHCKOM, PYCCKOM U JIATOBCKOM $13.).

S. M. Avakaw. Subpikselio skiriamoji geba atliekant fotoSablony kontrole lyginimo su projektiniais duomenimis metodu //
Elektronika ir elektrotechnika. — Kaunas: Technologija, 2007. — Nr. 7(79). — P. 45-48.

Pateiktas virtualiy skenuojanciyjy algoritmy (VSA), leidzianéiy pasiekti subpikselio skiriamaja geba, apibiidinimas. VSA sukurti
specialiai EM-6029B ir EM-6329 fotosablony kontrolés sistemose imonéje KBTEM-OMO (Minskas, Baltarusija). Siekiant Siuos
algoritmus efektyviai jterpti { kontrolés sistema, sukurtas specialus dvieju lygiy dinaminis optinio vaizdo modelis. Modelis leidzia
tiksliai iSlygiuoti gauta optinj vaizda su atraminiu vaizdu, sugeneruotu pagal projektinius duomenis, taip pat atlikti vaizdo analize
siekiant gauti optimaly kontrolés sistemos diskretizavimo tinklelio ir aptikty defekty tarpusavio i8déstyma. VSA apskaiiuoja antraji §io
modelio lygmeni. VSA ir antrasis dinaminio modelio lygmuo sudaro virtualy skenavimo posistemj (VSP). VSP leidzia padidinti
sistemos geba aptikti defektus pritaikant subpikselio skiriamaja geba. Aptinkant pusiau permatomus defektus VSA leidzia gauti
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maksimaly vaizdo modelio CCD signaly amplitudés kontrasta. Pritaikius VSA, kontrolés sistemos jautris padidé¢jo. Dél to sumazéjo
klaidingy aptikimy skai¢ius. Aptariami VSS projektavimo ir pirminiy bandymy rezultatai. Il. 3, bibl. 5 (anglu kalba; santraukos angly,
rusy ir lietuviy k.).
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