DEFECT MONITORING IN SEMICONDUCTOR DEVICE FABRICATION

BACKGROUND [0001] In the fabrication process of electronic devices, for

instance, integrated circuits (ICs), it is essential to detect defects effectively
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particle beam systems such as electron beam inspection (EBI) systems, are

being widely implemented in in-Ih&Cdefd@Ritoring. EBI systems are able

to detect electrical failures such as open and leakage defects through the
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"reference site” are acquired. Every image comprises a plurality of pixels .
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obtained by comparing or subtracting their surface charge induced grey
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maximum GLV from the "defective site" pixels. For some defects, for
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real GLV can be distorted by surrounding charging effects or noises,
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a risFeIenes deferpsaedisied UVIVIARYZ 000 BT % yadied Of FopMy withesAek niscel
presented. The method includes providing a substrate containing at leasta
baingielitneaivdy Wsdios thidhiadhe Thested et voiiprase drsrfiansdawe ! purabtel. Pixel
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bright voltage contrast (BVC), the real GLV can be distorted by surrounding charging effects or
noises, resulting in inaccurate and inconsistent GLV based on one pixel. Therefore, challenges
for charge particle beam inspectors to distinguish killer and non-killer defects exist.

SUMMARY
[0003] A method of forming a device is presented. The method includes providing a
substrate containing at least a partially formed device thereon. The device comprises at least one
defect site. A pixilated image of the defect site is acquired, and each pixel comprises a grey level
value (GLV). Surrounding noises of the defect site is eliminated. A point of the image is
identified as the center of the defect. A plurality of iterations to exclude outer edge pixels
surrounding the center of the defect image is performed. The defect is categorized as a killer or

non-killer defect.



1 [0004] In another embodiment, a method of forming a device is presented.

The method includes providing a substrate containing at least a partially

formed device thereon. The device comprises at least one defect site. A
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grey level value (GLV). Surrounding noises of the defect site is eliminated. A
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defect includes one pixel or adjacent pixels having the highest GLV in a BVC
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defect site. A plurality of iterations to exclude outer edge pixels surroundin .
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comprises at least one defect site. The system also includes means fo
hASREIHE O ReRiXiiabed intage @litbesdefechhilaRelacierdbach PixalramRises:
a grey level value (GLV). Means for eliminating surrounding noises of the
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defect are also included. In addition, means for performing a plurality of
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image, as well as means for categorizing the defect as a killer defect or a
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with advantages and features of the present invention herein disclosed, will
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the image as the center of the defect are also included. In addition, means for performing a
plurality of iterations to exclude outer edge pixels surrounding the center of the defect image, as
well as means for categorizing the defect as a killer defect or a non-killer defect are also included.
[0006] These and other objects, along with advantages and features of the present invention
herein disclosed, will become apparent through reference to the following description and the
accompanying drawings. Furthermore, it is to be understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in various combinations
and permutations.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] In the drawings, like reference characters generally refer to the same parts throughout
the different views. Also, the drawings are not necessarily to scale, emphasis instead generally

being placed upon illustrating the principles of the invention. In the following description,



the different views. Also, the drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the
invention. In the following description, 2 various embodiments of the present
vianventiohdadiencles ofidedwitmreferengeate das fikdwinl rdcasuiegs, the Whliohing
[0008] Fig. 1 shows a semiconductor wafer; [0009] Figs. 2-3 show different
drypiagsofiehaehs for analysis; [0010] Fig. 4 shows an inspection system;
0%)011] Fig. 5 shows an embodiment of a process for defect detection; [0012]
(090316 sf?gﬂvé ShQBRE PTRICPIVRIRPT W0EY] Figs. 7a-b show an image of a

ct site and corresponding schematic image, [0014] Figs. 8a-b show an
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ith a threshold value; [0015] Figs. 9a-b and 10a-b show images of a defect
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current. TAILED DESCRIPTION [0017] Embodiments generally relate to

[odgn)iconduciNhdfvigastdaroaxamiple, integrated circuits (ICs). The ICs can
be any type of IC, such as dynamic or static random access memories,
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in the semiconductor devices manufacturing, it is essential for in-line
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feedbacks on the defects and yield detractors for corrective actions to be
Priegesting0n1IB} Higpshodhveea semiconductor wafer 101. The semiconductor

wafer, for example, comprises silicon. Other types of semiconductor wafers
[09)2 L sokigefid: glde;%ﬁm]g)\mglages of a defect site and corresponding schematic

images with edge exclusion of 1 and 2, respectively; and
[0016] Fig. 11 shows a graph correlating GLV with leakage current.

DETAILED DESCRIPTION
[0017] Embodiments generally relate to semiconductor devices, for example, integrated
circuits (ICs). The ICs can be any type of IC, such as dynamic or static random access
memories, signal processors, or system-on-chip devices. In order to achieve high yield in the
semiconductor devices manufacturing, it is essential for in-line electrical defect monitoring
systems to provide timely and accurate feedbacks on the defects and yield detractors for
corrective actions to be taken.
[0018] Fig. 1 shows a semiconductor wafer 101. The semiconductor wafer, for example,
comprises silicon. Other types of semiconductor wafers are also useful. For example, the
semiconductor wafer may be a p-type, n-type, silicon-on-insulator or silicon germanium wafer.
The semiconductor wafer may include a notch 121 to indicate the crystal orientation of the wafer.
Other techniques for indicating the crystal orientation may also be useful. Additional indicators

may also be included to indicate the dopant type of the wafer.



semiconductor wafer may be a p-type, n-type, silicon-on-insulator or silicon
germanium wafer. The semiconductor wafer may include a notch 121 to
indicate the crystal orientation of the wafer. Other techniques for indicating
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included to indicate the dopant type of the wafer. 3 [0019] The wafer includes
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devices or integrated circuits (ICs) involves the formation of features on a
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the development or fabrication phase, defects may occur. Defects, for

TRXAVRIQ, Mavbcduag I elastical defgetsyisdahasshprt or open connections,
which result in current leakage or high resistance. [0021] Fig. 2 shows a type

[0oR0iefecDutigh i ayverguiiciu tngbabiicatiohnsd podiemibafa waterdsfor
shown. The wafer includes an active region in which a transistor 210 is
efamnpledmdgobating thetactivée fegiosuftom dibre pregeonsare isokatidncregiottsn
280, for example, shallow trench isolation (STI) regions. The transistor
cypenidekeyatdigesiuacdor example, includes a gate electrode 222 over a
ate dielectric layer 224. Sidewall spacers 240 are provided on sidewalls of
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tr&?&ﬁ%@o@ﬂf&ﬁqgﬁ?@&s. The transistor includes a gate. The gate, for example, includes a
gate electrode 222 over a gate dielectric layer 224. Sidewall spacers 240 are provided on
sidewalls of the gate. Source/drain diffusion regions 225 are disposed in the active region
adjacent to the gate. Silicide contacts 235 are provided on the source/drain diffusion regions.
The silicide contacts, for example, may be nickel silicide. However, in the formation of the
silicide contacts, piping 236 may occur. Piping refers to the extension of the silicide beneath the
spacer, which can cause current leakage.
[0022] Fig. 3 shows another type of defect which may occur during fabrication. As shown, a
transistor is provided in an active region, like in Fig. 2. A dielectric layer 330 is formed over the
transistor. First and second contact plugs 335a-b are formed in the dielectric layer to provide

electrical contact to the source/drain regions. The contact plugs, for example, comprise tungsten.

Other types of conductive material may also be useful.



[0022] Fig. 3 shows another type of defect which may occur during

fabrication. As shown, a transistor is provided in an active region, like in Fig.

2. A dielectric layer 330 is formed over the transistor. First and second
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contact to the source/drain regions. The contact plugs, for example, comprise
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form the contact plugs, vial are etched into the dielectric layer and
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f provided in the %ontact vial. The conductive material is then polished by, for
ERFAIRRBAMEAf Fnechanical polishing (CMP) to form a planar top surface.
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plug 335b is misaligned to the source/drain diffusion region. This ‘may result
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causing current leakage. It is further understood that other types of leakage
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implant damage induced leakage or other types of leakage can be detected.
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Other types of EBI systems may also be useful. [0026] The system, in one
legkAgoetnicsfbrises a primary electron beam source, a secondary

lectron_etection portion, an image processing portion, and a system control.
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[0026] The system, in one embodiment, comprises a primary electron beam source, a
secondary electron detection portion, an image processing portion, and a system control portion.
The primary electron beam source portion, for example, includes an electron gun 10, a beam
extraction electrode 11, a condenser lens 12, a beam blanking deflector 13, an aperture 14, a
scanning deflector 15, and an objective lens 16. The secondary electron detection portion can
include an ExB electron detour device 17, a secondary electron detector 21, a preamplifier 22, an
A/D converter 23, and a high voltage electric source 24. The image processing portion, for
example, includes a first image storage 46, a second image storage 47, an arithmetic operation
device 48, a defect judgment device 49, and a monitor 50. The system control portion may
include a microprocessor computer 6, a position correction and control circuit 43, a stage driver
34, an objective lens source 45, a scan deflector signal generator 44, a sample stage 30, a X-Y

direction stage 31, and a high voltage electric source 36.



include an ExB electron detour device 17, a secondary electron detector 21,

a preamplifier 22, an A/D converter 23, and a high voltage electric source 24.

The image processing portion, for example, includes a first image storage
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judgment device 49, and a monitor 50. The system control portion may
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43, a stage driver 34, an objective lens source 45, a scan deflector signal
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voltage electric source 36. 5 [0027] An article, such as a wafer, which is to be
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rimary electron beam. T econdary electron. 20 emanati from the
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digital signal for further image processing and defect judgment. The wafer is
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5a-b show an embodiment of a process 500 for detecting defects in an
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described in Fig. 1. Detecting defects in other types of articles is also useful.
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example, the semiconductor wafer can be at processing to form
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subsequent to chemical mechanical polishing of conductive material, such
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open connections.

[0029] An image of the article is obtained at step 505. The image, for example, comprises an
image of the active surface of the wafer on which devices are formed. In an alternative
embodiment, the image can be an image of a portion of the wafer. For example, the image can
be of a specific die or specific dies on the wafer or even a specific portion of a die or some dies.
Other configurations of the image may also be useful. In one embodiment, defects are detected
by an EBI system, such as one described in Fig. 4. Other types of inspection systems can also be
useful.

[0030] The acquired image, in one embodiment, comprises a plurality of pixels. The pixel
size of the image acquisition can be selected to produce a defect site which comprises a plurality
of pixels. For example, the pixel size is selected to produce a defect site with an average of at

least 5 pixels in the x and y directions. The pixel size can be selected by setting the inspector



embodiment, the image can be an image of a portion of the wafer. For
example, the image can be of a specific die or specific dies on the wafer or
even a specific portion of a die or some dies. Other configurations of the
toihaygyeapaatedys Phdengefu thindefret siehwdimentindefeets afetdetagcigikdbyiarthe x and
EBI system, such as one described in Fig. 4. Other types of inspection
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comprises a plurality of pixels. The pixel size of the image acquisition can be
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example, the pixel sjze is selected.to produce a defect site with an average. of
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useful. It is understood that the number of pixels in the x and y directions do

inkhaURKAke-a04andRenumber of pixels in a defect site is inversely related
to the pixel size. For example, smaller pixel size produces higher number of
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size produces lower number of pixels per image, which decreases image
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image. Each pixel will be associated with a grey level (GL). In one
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Providing other number of GLVs is also useful. For example, the GLV can be
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correspond to
may correspond to completely dark level (e.g., 0) while the highest value may correspond to

completely bright level (e.g., 255). One of the GLVs can be designated as the transition level
between BVC and DVC.

[0033] In one embodiment, BVC levels may correspond to leakage current magnitudes while
DVC levels correspond to resistance magnitudes. For example, the greater the GLV from the
transition level, the higher the magnitude of leakage current; the lesser the GLV from the
transition level, the higher the magnitude of resistance.

[0034] Fig. 11 shows a graph 1000 correlating leakage current to GLV. As shown, a GLV of
99 correlates to a leakage current of 0.42 nA, a GLV of 107.5 correlates to a leakage current of
1.64 nA, a GLV of 120 correlates to a leakage current of 3.72 nA and a GLV of 150.5 correlates
to a leakage current of 7.42. Clearly, the magnitude of the leakage current is directly related to

the brightness of the pixel or magnitude of the GLV.



completely bright level (e.g., 255). One of the GLVs can be designated as the
transition level between BVC and DVC. [0033] In one embodiment, BVC
levels may correspond to leakage current magnitudes while DVC levels
[083 /e spdmd ¢ohesisiandaemagritises)itied axample)ithe gréstemtheiGhdfdroen
the transition level, the higher the magnitude of leakage current; the lesser
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é0034] Fig. 11 shows a graph 1000 correlatinlg\lleakage current to GLV. As
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defects. For example, the image may have numerous BVC and DVC defects.
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defect. The wafer comprises P+ regions which are bright and N+ regions
dashighuergdardefiRroviding P+ regions which are dark and N+ regions which
are bright is also useful. This can be achieved by reversing the surface bias
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Fig. 7a shows an image 700 of a defect site and Fig. 7b shows its o
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evels above the threshold value.
[0037] Going back to Figs. 5a-b, a defect site is selected for analysis at step 510. In one
embodiment, the defect site comprises a BVC defect site. Selecting a DVC defect site may also
be useful. Analysis can be performed inline by the inspector tool. For example, the software in
the inspector tool can be tailored to perform the analysis inline. Alternatively, the analysis can
be performed offline.
[0038] At step 515, the selected site is processed to eliminate surrounding noises. In one
embodiment, a noise threshold value (NTV) is defined. The NTV determines the pixels to be
eliminated from the defect site. For example, in a BVC defect site, pixels having GLV less than
the NTV are eliminated. Conversely, pixels having GLV greater than the NTV are eliminated in
a DVC defect site. In the event that all pixels in the defect site are eliminated as a result of the
NTYV, the defect site is re-categorized as a non-defect site. The NTV can be determined or

derived from historical data, test wafers or characterization of wafers having intentional defects

and known good sites.



[0037] Going back to Figs. 5a-b, a defect site is selected for analysis at step
510. In one embodiment, the defect site comprises a BVC defect site.
Selecting a DVC defect site may also be useful. Analysis can be performed
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can be tailored to perform the analysis inline. Alternatively, the analysis can
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eliminate surroundigg noises. In one embodiment, a noise threshold value
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2f Mncdefiect sitg. The NTV can be determined or derived from historical
data, test wafers or characterization of wafers having intentional defects and
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defined for BVC defect sites and a dark NTV (DNTV) is defined for DVC
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can be about 150-180. Other BNTVs and DNTVs are also useful. In other
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for both BVC and DVC can be about 20 to 100. Other NTV values such as

Fgoapianizgdohpeinse §kof poth VeSS aisd DY daripitketenago040] Fig. 8a
shows an image 800 of a BVC defect site and Fig. 8b shows its

1088 Hesp GHRIFARP S B itshadge 86 PG utet Wt tethghaerGe it ddentified a
oL FHE A prO L Th e AT VRIOE S HF Rl
H %%%Pﬁ%‘l%%(%r%@é %agg %fleeﬁ git%rl%firg 8 a?fli r];{gr%‘ltﬁgg ir]yea gél[(%%%]tile highest

g back to Figs. ba-b, the pixel or pixels with the hignest are
Gig@n%?gngnple, adjacent pixels may have the same GLV. In one embodiment, the point of
the image with pixels having the highest GLV corresponds to the center of the defect.
[0042] In one embodiment, at step 525, the image is processed to determine outer edge pixels
of the defect site. The outer edge pixels can be those pixels which have a precipitous decrease in
GLYV with respect to the center of the defect (e.g., brightest pixel or pixels). For example, the
outer edge pixels may be those pixels which have a greater than 30% change in GLV with
respect to the brightest pixel. The resulting image after the edge pixels are determined may
include rows and columns with different numbers of pixels.
[0043] An edge exclusion number (EEN), in one embodiment, is defined at step 530. The
EEN indicates the number or iterations of edge exclusion processes to be performed. For

example, if EEN is equal to 3, three edge exclusion processes are performed. An edge exclusion

process comprises removing end pixels of each column and each row of the image.



step 520. The defect site in Fig. 7b or Fig. 8b shows only one pixel (B) with
highest GLV. However, it is understood that a defect site may contain more
than one pixel with the highest GLV. For example, adjacent pixels may have
[00v sam & Gk b wive camhedifilé rtnthe gpinthofe thenimageareitithpixelsdual/ing .
the highest GLV corresponds to the center of the defect. [0042] In one
Tegriad rand ket ate p 538 nilvebin by evid Praidessedqedememirdsgareriedyde
pixels of the defect site. The outer edge pixels can be those pixels which

PRESed BRABTtUS Heplatls TRER 4 e spalectonthe ientbropiraabiedte

e e TR B e s R o
t ightest pixel. Th Iting i the.ed I determined

g Qrgntest pixel. [ cgné%s%éﬁ%'en&ﬁ%%ﬁ%?«fcaﬁb% e ?l;cﬁ&f%glfgpfgg%%{p%%ro

may Include rows and columns wit erent numbe}]s 0]

whfH§ X WRIRMPBRE FEHENY. RS S RRRAIRI GRS RMEM Rt SIERRBOallows

The FEN indicates the number or iterations of edge exclusion processes to

fpePerRronedicRRurBYARP &y dr ENNS, gRaLLO .k dhteR L dae &XGHRI@Ment, prior to
processes are performed. An edge exclusion process comprises removing

therdmpix&lscafcaachaaglttpneann Lachroowspidhne image. 19 WR4AINIR enel to the
embodiment, the FEN can be any whole number greater than or equal to 1.

iterhgo R ENbs herdidaniel any whole number for which at least one or some pixels
remain in the processed image. For example, the FEN can be any whole

[0QdM ber fdstethad ordeq Gak ke viepTesd s &rmetherbettdrdse e ldsfacpipnegane is
The radius, for example, can be taken as the shortest radius from the center.

repe R USIDd difrent, ﬁ?@%éﬂngc%*ﬁevw WHSH i BeM SRS ANE VAL may
less than the radius from the center of the defect image. Preferably, the | |

DS A AV 07 A BN G Lt A0 2 A AT B 0 e eagine

[Oﬂﬁgiu". I?n%%%‘ gnq’ﬂ)%ggﬁlm%né’sgfé%’l%?d (t,%r? lg:eomcr.(r)]re Ql(r:a?e %Q(t: O{h%p Q/ r%{jngr%umbnumber of
eXxclusion processing, IS set , where IS equa to the Iteration to be

piREHPURES -{A04PL A FER 2330 GH9F EXLMRIOR PARRESIPEhiSRRIFOIMRE G rined.

exclusion processing is
For example, the MNP can be defined at step 530. The MNP, in one embodiment, is equal to at

least 1. In other embodiments, the MNP can be at least about 4 or about 4-8. Providing other
MNP values is also useful.

[0047] For example, after an iteration of edge exclusion at step 535, the image is analyzed to
determine the number of pixels remaining at step 540. In one embodiment, if the number of
pixels remaining in the image is equal to MNP, the edge exclusion processing terminates
regardless of the value of N. In another embodiment, if the number of pixels remaining is less
than MNP, the edge exclusion processing terminates regardless of the value of N. Additionally,
the pixels removed in the current iteration of edge exclusion processing which resulted in the
number of pixels in the image to be less than MNP are reinstated into the image. In other
embodiments, the number of pixels reinstated results in the image having the number of pixels

equal to MNP. For such embodiments, the pixels with the highest or higher GLVs are reinstated
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repeated until N = FEN. Depending on the value of FEN, one or more rows
and/or columns may be eliminated, leaving at least the pixel or pixels at or
near the center of the image remaining. [0046] In one embodiment, a
befafethedvennnbe incerpoiratetngubh tvat adinichumana mibenefopike sl pixels,
remain after edge exclusion processing, regardless of the value of the FEN
thg sflae excsor vapagisEngHervingesa et i e be drapn 53 the PHec oM Pisipnarecess
embodiment, is equal to at least 1. In other embodiments, the MNP can be at
cqp et ButAtaddf hetsuie &Eée.alﬂrBWd?Hﬁldﬂﬁ'&mmgd Eegles f M uldhsr [0047]
Far example, after an iterat;ri)n of .edgg echLé?io at step 535, t%e imagg?jgsion

coptigTIBATO BRI S 4RiHRG AP B BISR eMishg A S e i

embodim[gent if the number. of ixﬁl& remaining in the image is equal to MNP,

TOCCSSING, 0CeSS proceeds to st .
Pihe edge engusmnpprocessmg ferminates regardless of the value of N. In

[dagfher AmRQAImRRLALIGNUMPRL 91 PHE S LEMRININA I8 1052 a0ARM NRENRe

edge exclusion processing terminates regardless of the value of N.

vaediianalbomiheeRixels remavedjnibe gwrenbitesaiian PERALSR SXGHFRON is less
processing which resulted in the number of pixels in the image to be less
ththvalPEM N atguecin staienkivtacthelinnagp S50 atliat pemnbadinreolisith e rodesiieg at
of pixels reinstated results in the image having the number of pixels equal to
sthpNiB2. FOn suottlemiipodinients;athe gikelsegith th&EN kgt exdhigherp@icktsiageft the
reinstated 10 before the lower ones. After reinstating the removed pixels or
ingnge Greappletest the PesRsdedopivela/ the edge exclusion processing
terminates. In yet other embodiments, the edge exclusion process can be

[0 Minatelsemer Butlelsebits IsmaiHempirhilgn BgdriFesurgsame vesaser ©
fi [ d | impl . inagi h
o o o R BB e e &5 T b e
b f pixel iniRg in th ' ' h
QA B e L YRR A R Rt

dEXARE o N RIS FAAR N HE Yelkg NS IAMEMANET ASHRAR8Q &M de of

repeats edge exclusion processing at
the acceptable range defined by a threshold DGLYV, the defect site is categorized as a killer

defect. On the other hand, if the FGLV is within the acceptable range defined by the threshold
DGLYV, the defect is categorized as a non-Kkiller or marginal defect.

[0050] In one embodiment, for BVC sites, a FGLV which is greater than the threshold
DGLYV is categorized as a killer defect while below or equal to the threshold DGLYV is
categorized as a non-killer defect. For DVC sites, a FGLV which is less than the threshold
DGLYV is categorized as a killer defect while above or equal to the threshold DGLYV is
categorized as a non-killer defect. The threshold DGLV can be determined from historical test
data measured from test wafers, for example, having intentional defects and known good sites.
[0051] Furthermore, the type of defects can be ascertained based on the FGLV. To

determine or correlate a FGLV to a type of defect, metrological techniques can be employed.
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step 535. On the other hand, if the value of N is equal to FEN, edge exclusion

processing of the image is completed and proceeds to step 570. [0049] At

step 570, the GLVs of the remaining pixels in the defect image are averaged
Foo extafiple, thvertiabGind (RlidbkAfipo caefeqie@bivh¢DGistd) doiGihrd-tete ciasiterdtiag

FGLV is used to categorize the defect at step 575. In one embodiment,
wihgespesh tthe PG LWthen eelotideetEm praraetiagrandéd eddibridingr(efeearorlso be used.

non-killer defect. In one embodiment, if the FGLV is outside of the

[092L prabie RIAERS TatitER Wy detRredrsid Eb@wetﬂ@edéfé%ftsﬁi@%éoc%ﬁé@%m% If
as a killer defect. On the othe fé) ﬁ if the FGLV is within thea table
these g d%‘?uR%’&EBW%“EﬁF&ﬁ% I cri @e‘iﬁér%?e%l’%% é{;&lﬁf‘fé OCessed the

non Iler or marg naI [1(1)0 ment f%r BVC si tes
pr’ggﬁi} 11‘1 tes at Sh EQ? ome df € sequence PI‘OCCSS
IS gre ert ant res is categorized as a

stdedesh M‘Aﬁ‘?eﬁﬂ'%&&&ﬁ st HQ&L'E‘% IﬂJﬁ?QQJQPG'—V is categorized as a

non-killer defect. For DVC sites, a FGLV which is less than the threshold

(00534 V isicategrized s billslAetachwhileaone oF saual 9 thexthriasholthage is
DGLYV is categorized as a non-killer defect. The threshold DGLV can be

subetersined feosreistorcalRest Vo atamesauredsirom Tast walens focixampleLyV.
having intentional defects and known good sites. [0051] Furthermore, the

ThygeGdf\dede tts ateairisd, dscertaipkedibasedaerdhe BEL By Tabtdetergriird 6LV from
correlate a FGLV to a type of defect, metrological techniques can be

Repioyeanti vElambpeskéya ple Vesae hationagied Ealibpatidn s wanplerfopegagive GLV
based on C-AFM or nano Eroblng with respect to GLV. Other techniques for

may il dnifor ERtBRIRG B IoYdsRiEI R isar! GdoseripdtigrheaseaPVC
75 det if th t tob I If th
Sa e s W b ke A e e S
' IEEE, % the ,Rrecess terminates atste g% 280, IS U dersiood hat at least
ome 0 e sequencego process steps é?t accor Ing to the

[66§le p'ii"tfr%‘t?&{:?p 999&&%&9&%%%}{%@5&%@%?H&g%%ma@%doﬁi&\é&ge

GLV of a pixel in the image is
cells of the image in step 525 can be determined when there is a change in polarity. Other

process steps for such applications remain similar, taking into account of the polarity differences.
[0055] We have found that the edge cells are most susceptible to surface charging or noise
which renders the measured values unstable. That is, the measured values may not be repeatable
or consistent. By eliminating these unstable pixels, more stable and repeatable DGLV
distribution can be obtained.

[0056] Figs. 9a-b and 10a-b show images and corresponding schematic images of a defect
site after edge exclusion of 1 and 2, respectively. As shown, after edge exclusion, the number of
pixels in the image is reduced. For example, after one edge pixel 910 is removed from each end
of each row and column of pixels, 13 pixels remain in the image. After two edge pixels 930 are
removed from each end of each row and column of pixels, 2 pixels remain. In either case, the

center pixel remains.
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subtracted by a reference GLV (RGLV) to arrive at the GLV. That is, GLV =
DGLV - RGLV. The RGLV can be obtained, for example, from a reference
die. By subtracting the DGLV from RGLV, negative and positive GLVs can
[00&87d btainddifonallyixs|désoribodanhplignd GéYative GL Vitawayntelate tdaeDMEddy
positive GLV may relate to a BVC and 0 is the transition between DVC and
they\Crage Sile¥scddbe thmgireegdritle Ghy stiseatifg meecdseirgadhitueis bide&irengeo
current. On the other hand, the more nP?atlve the GLV, the higher the

fﬁ%ﬁﬁﬂ%‘bftﬁ@gﬁaﬁ‘?@éem%ﬁ?@oﬁs@% di5pisins where there can be
tlve atlve GLV, outer e cells of the | e in step.525 can

38t AR SRS e MO e o L dpeonn
such ap Ilcatlons maln k|n into account of the rit
P S R A R S PRI RO K e e
tolQoRkifass @Qﬁmae&oawmgmﬂqsmna MEAIVEGH HALES HRAAPIBm sub-
That is, the measured values may not be repeatable or consistent. By
siehimipatipgdhese unstable pixels, more stable and repeatable DGLV

distribution can be obtained. [0056] Figs. 9a-b and I0a-b show images and
[00SOESPandihgr seftedialia i) hgesofiGcasiect sitecalianatgoexatusote@tihine root
and 2, respectively. As shown, after edge exclusion, the number of pixels in
caires wiatpéeissradbe ethnbHicexagptesafteOocretietge pixek9 AR & remoeddiirom
each end of each row and column of pixels, 13 pixels remain in the image.
MARERGNBIEdRCpixaNg B0 fRshoceiEettdm Backfesld of each row and

column of pixels, 2 pixels remain. In either case, the center pixel remains. 12
(008871 A%tiav%aivndga@r&ﬁmwfﬁéwmamwlﬁls APTRE itRodt flsReydiagifom the

determined by the avera ft e remain ixels of the site after
Spb?68é%%ﬁﬁ515r TS Un HEL 13 A HEP ERANED BB Sr . r o e

COIIS1 at%q}!@ﬁ rf Ge'?:y 1q %‘s:lilrb ;[/I o tl[lgp %811 deqtlflct%tlon Oft‘igg (ge%gr %peltl)le gcope
prodpuctlon Wa?e? uring t efa%rlcatlon process OPdeVICeS to determ ine

offglaatvRdieR M aRarkdies mEng AadhideRWIl AR PIRGASSEE foregoing

description, and all changes that come within the meaning and range of equivalency of the claims

are intended to be embraced therein.
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to completion to form devices. Also, dies with non-killer defects can be
completed to form sub- standard devices. [0059] In other embodiments, the
identification of defects can also be used to determine root causes of defects
Whathe alaanefacturing process. Once the root causes are determined, the
manufacturing process may be modified to correct for the defects. [0060] The
invention may be embodied in other Sp&&ME forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments,
Lthereforesthed o6 IBENEsisigeics imait@epects illustrative rather than limiting

the invention described herein. Scope of the invention is thus indicated by
the aPISEHEE QTGS SESP HAH bl e ROginG BB e eaRe i eren the

decvrilgen es trQSaetS %Pw%tvghtg%%gcg rlreee,aning and range of equivalency of the
claims J)re Intended to be emf)ra’ced therein. 13 What is claimed is: CLAIMS

1. A methadof farmipg it ARVieeCANRUSO: MAUHIRGASHORH K SBIRAINAD o

at least a partially formed device thereon, wherein the device comprises at
olepst enadefent site; acquiring a pixilated image of the defect site selected,
wherein each pixel comprises a grey level value (GLV); eliminating
surroglnflingingisesaidihe aefecbsiles didentifygng a point of the image as the
center of the defect; performing a plurality of iterations to exclude outer edge
pixelsdsutifgingdipgithefobaieragé dththelefeer whédgealedand categorizing the
defect as a killer defect or a non-killer defect. 2. The method of claim 1
wherefifelinigAtipigrativy ol Herdonvises dainprgsasdge pixels surrounding the center of

the defect image; and

categorizing the defect as a killer defect or a non-killer defect.

2. The method of claim 1 wherein eliminating surrounding noises comprises:

defining a bright noise threshold value (BNTV) in a bright voltage contrast (BVC) defect
site, eliminating pixels having GLV less than the BNTV; or

defining a dark noise threshold value (DNTV) in a dark voltage contrast (DVC) defect

site, eliminating pixels having GLV greater than the DNTV.
3. The method of claim 2 wherein the center of the defect comprises:
one pixel or adjacent pixels having the highest GLV in a BVC defect site; or

one pixel or adjacent pixels having the lowest GLV in a DVC defect site.

4. The method of claim 3 wherein the outer edge pixels comprises pixels with a drastic

change in GLV with respect to the center of the defect.
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defining a bright noise threshold value (BNTV) in a bright voltage contrast
(BVC) defect site, eliminating pixels having GLV less than the BNTV; or
defining a dark noise threshold value (DNTV) in a dark voltage contrast
(DVC) defect site, eliminating pixels having GLV greater than the DNTV. 3.
The method of claim 2 wherein the center of the defect comprises: one pixel
5.or adfaeenethidds Hawirg wherdiigpredudnaoites E@rapidefeetBitEsest one pixel
or adjacent pixels having the lowest GLV in a DVC defect site. 4. The method
of clRYIBRgHardseREBister %‘&Qéeb@ﬁg%mﬁ."é% %&@@Rﬁfﬁ@ﬁ?ﬁ&f@ of edge
change in GLV with respect to the center of the defect. 14 5. The method of
e’iﬁ%‘iﬂ&h%@?&?ﬁ@i&%’iﬁoﬂ%ﬁer edge pixels comprises: defining an edge
exclu‘%%rrlepnutr}pebgél(]EC%N 1tlcs)eisnglfi‘%l(t)t?ethe number of itera ioqls of ed

dnun}‘l])er exce, ZEI%I\\Y iIch1s less t%gnt e radius
exclusion processes to be periormed, wherein the comprises a wnole

fr%@ﬁ%e%?%?[tée&&é@mméé less than the radius from the center of the

defect image. 6. The method of claim 4 further comprises: defining a

minimum number of pixels (MNP) remain after edge exclusion processing;

comparing the number of pixels remaining in the image with MNP after each
6.iteratitfe afel@dg@erexdiusiantiesid derprivaating the edge exclusion process if the

number of pixels remaining in the image is equal to MNP. 7. The method of

claimdéfiuirth e moomprisesmbefiofi pge sl ramuimddenr ofl gieatd (WO Plocessing;

remain after edge exclusion processing; comparing the number of pixels

remasRIRBRINEEG e MNP e pia g ch the iatien BithegE efieliagighiteration of
edge exclusion; and

terminating the edge exclusion process if the number of pixels remaining in the image is

equal to MNP.

7. The method of claim 4 further comprises:

defining a minimum number of pixels (MNP) remain after edge exclusion processing;

comparing the number of pixels remaining in the image with MNP after each iteration of
edge exclusion;

terminating the edge exclusion process if the number of pixels remaining in the image is
less than MNP; and

reinstating the pixels removed in the current iteration of edge exclusion processing.
8. The method of claim 7 wherein reinstating the pixels removed comprises:

reinstating the pixels with higher GLVs before the pixels with lower GLVs in a BVC

defect site until the image has the number of pixels equal to MNP; or
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terminating the edge exclusion process if the number of pixels remaining in
the image is less than MNP; and reinstating the pixels removed in the
current iteration of edge exclusion processing. 8. The method of claim 7
wheraimseinstaltinpithle pidelswen{dyvés tedmprisgsxebinstatingdhGlpiels it C
higher GLVs before the pixels with lower GLVs in a BVC defect site until the

defpeigeicheniitiie nagsdras fhsivaisbey abpiempapalde MNRinstating the pixels
with lower GLVs before the pixels with higher GLVs in a DVC defect site until

9the irﬁﬁ@ BethedRE i 6&@%&@% "é’éﬁ&l"?&)uﬁm{}mr@eﬁsdé BB bvERMRe is at
wherein. the edge_exclusion process is terminated when there is at least one

oA QP F IR Y8 The method of claim 1 wherein categorizing the defect
comprises: determining a defect grey level value (DGLV) for the defect site
by averaging the GLVs of the remaining pixels; determining a threshold

1QCLYdefining ap agceptaple.rangedas akilier defect,andsgomparing the
DGLYV for the defect site with the threshold DGLV. 11. The method of claim

10 fugthemnrempriastccategrugingitReniefort as adiiesdefedihire BRlMISLYs

greater than the threshold DGLV and categorizing the defect as a non-killer
ofttataehihikiegHixkl; is less than or equal to the threshold DGLV in a BVC

defect site; or categorizing the defect as a killer defect if the DGLV is less

than deetinresizolch2Siold RGH Caliggonz imptheptbdle ctras onokikiielctiefentdf

the DGLYV is greater than or equal to the threshold DGLV in a DVC defect

site. $OMTHEEIEeHRH Y dRaithe eivrs réio wifd B¢ Yrigshpld BidINs derived from

subtracting a measured GLV by a reference GLV.

11. The method of claim 10 further comprises:

categorizing the defect as a killer defect if the DGLYV is greater than the threshold DGLV
and categorizing the defect as a non-killer defect if the DGLYV is less than or equal to the
threshold DGLYV in a BVC defect site; or

categorizing the defect as a killer defect if the DGLYV is less than the threshold DGLV
and categorizing the defect as a non-killer defect if the DGLYV is greater than or equal to the

threshold DGLYV in a DVC defect site.

12. The method of claim 1 wherein the GLV of the pixel is derived from subtracting a

measured GLV by a reference GLV.
13. The method of claim 12 wherein the GLV of the pixel comprises:

a positive GLV relating to a BVC; or

a negative GLV relating to a DVC.
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13. The method of claim 12 wherein the GLV of the pixel comprises: a
positive GLV relating to a BVC; or a negative GLV relating to a DVC. 16 14.
The method of claim 13 further comprises: processing the image to
determine outer edge pixels of the defect site, wherein the outer edge pixels
comprises pixels with a change in polarity in GLV. 15. The method of claim
14 wherein excluding outer edge pixels comprises: defining an edge
exclusion number (EE %bo indicate the number of iterations of edge
lexclubisristiedebelaits bbb rABarHerein the EEN comprises a whole

number excegt zero which is less than th rad fro center of the
defedRFAYEE 1% THREGIR TSI YR IART FESFREIECE %éqﬁ%% iti%he defect

comprses termln&%ade ect re Ievel alu for the defe

R R R AR

by averaglng
DGLYV defining an acceptable range for a killer defect; and comparing the
DGLYV for the defect site with the threshold DGLV. 17. A method of forming a

1$leviceneanemidaingeRfVidiRgfeavbatialn conaining fklgastageacially formed
device thereon, wherein the device comprises at least one defect site;

acquirdngiagrixitaiedeirageroith® alefat sitcisttact el rerainferehipikelf edge
comprises a grey level value (GLV); eliminating surrounding noises of the
expéigion gitesdskentiingeafpoiat of the image as the center of the defect wherein

the center of the defect comprises
wherein the EEN comprises a whole number except zero which is less than the radius

from the center of the defect image.

16. The method of claim 15 wherein categorizing the defect comprises:

determining a defect grey level value (DGLV) for the defect site by averaging the GLVs
of the remaining pixels;

determining a threshold DGLV defining an acceptable range for a killer defect; and

comparing the DGLV for the defect site with the threshold DGLV.

17. A method of forming a device comprising:

providing a substrate containing at least a partially formed device thereon, wherein the
device comprises at least one defect site;

acquiring a pixilated image of the defect site selected, wherein each pixel comprises a
grey level value (GLV);

eliminating surrounding noises of the defect site;

identifying a point of the image as the center of the defect wherein the center of the

defect comprises
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17 one pixel or adjacent pixels having the highest GLV in a BVC defect site,

or one pixel or adjacent pixels having the lowest GLV in a DVC defect site;

performing a plurality of iterations to exclude outer edge pixels surrounding

the center afnd¢ipéxdefeeat ey @jahtheateydr iy dhidtidfact VL kidecdefectr

or a non-killer defect. 18. The method of claim 17 wherein the outer edge

pixels compriserxghxaiadipirpnanixalsthavorghg doiwies (L With a &5(fe detectiride;

center of the defect. 19. The method of claim 18 wherein categorizing the

defe&E@ﬁ‘?ﬁﬂ%@éﬂ'&@léﬁﬁfﬁ?ﬁ@%’%‘%éﬁﬂ%@ﬁ R %ﬁj@’(ﬁi@?j’%ﬁ%ﬂ&eﬁ‘é‘&‘?r of

sitéga averaging the GLVs of the remaining pixels; determining a threshold
thy %tdgﬁﬁf’hﬁrgn acceptable range for a killer defect; comparing the DGLV

for the defect site with the thresho LV; and .categorizing the defect as a
ler S AT T e Lo R RIS (e defoct aq a
killer defect if the DGLV is greater than the threshold DGLV and categorizing
the defect as a non-killer defect if the DGLV is less than or equal to the

18hreshpidbdoin RiBMG WriRGh SHeo 0L CAIEIRHZINBNErAEi gt as witkila rastic
defect if the DGLYV is less than the threshold DGLV and categorizing the

cldafedhas v nath killpe dedant delhier DGhd/diSegreater than or equal to the
threshold DGLV in a DVC defect site. 20. A system for monitoring defects
comprises: means for providing a substrate containing at least a partially
formed device thereon, wherein the device comprises at least one defect

1%ite; TBaesns] ffrcadiguisrigharpixfaraiviag e fecdetaprisae selected,

wherein each pixel ) )
determining a defect grey level value (DGLV) for the defect site by averaging the GLVs

of the remaining pixels;
determining a threshold DGLV defining an acceptable range for a killer defect;
comparing the DGLV for the defect site with the threshold DGLV; and
categorizing the defect as a killer or non-killer defect which further comprises
categorizing the defect as a killer defect if the DGLYV is greater than the threshold
DGLYV and categorizing the defect as a non-killer defect if the DGLYV is less than or equal
to the threshold DGLYV in a BVC defect site, or
categorizing the defect as a killer defect if the DGLYV is less than the threshold
DGLYV and categorizing the defect as a non-killer defect if the DGLV is greater than or

equal to the threshold DGLYV in a DVC defect site.
20. A system for monitoring defects comprises:

means for providing a substrate containing at least a partially formed device thereon,

wherein the device comprises at least one defect site;
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comprises a grey level value (GLV); means for eliminating surrounding
noises of the defect site; means for identifying a point of the image as the
center of the defect; means for performing a plurality of iterations to exclude
oute mazige fpixelgusingoumdifage d heage nieth o fittie defe stliavied) oy lemd meeangifor
categorizing the defect as a killer defect or a non-killer defect. 19
comprises a grey level value (GLV);

means for eliminating surrounding noises of the defect site;

means for identifying a point of the image as the center of the defect;

means for performing a plurality of iterations to exclude outer edge pixels surrounding

the center of the defect image; and

means for categorizing the defect as a killer defect or a non-killer defect.
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