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the abrication process of electronic devices, for instance, integrated
circuits (ICit is'"al to detect defects effectively at an early stage in
order to NMEDEFECT MONITRRING INSEMIGOMND UCTOR ®HVECE FABREATEINt ens
such as el ectron beam i nspection (EBD systens, are being w dely inplenented
inin-line defect nonitoring. EBlI gaxtE€r®NBE able to detect electrical
Fai l ures such as open and | eakage defects through the use of voltage
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effects or noises, resulting in accurate and inconsistent N based on one
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manufacturing processes. Typically, charged particle microscope images for a “defect site” and
a “reference site” are acquired. Every image comprises a plurality of pixels, with each pixel
being defined by its location within the image. The two images are aligned pixel-by-pixel. Pixel
grey level variations are then obtained by comparing or subtracting their surface charge induced
grey levels or intensities. Grey level value (GLV) is determined by taking the maximum GLV
from the “defective site” pixels. For some defects, for example, leakage defects which cause
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.



[ 00031A nmethod of formng a device is presented. The nethod includes
provi di ng substrate containing at |east a partially foinied device thereon.
The device conprises at |east one defect site. A pixilated i mage of the
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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,
enphasi s instead generally being placed upon illustrating the principles of
the invention. In the follow ng de various enbodi nents of the present

invention are described with reference to the foll ow ng draw , .1 n which:
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types of defects for analysis; [0010] Fig, 4 shows aninspection system

[ 00111 FrgEingsan whidhow an enmbodi ment of a process for defect detection

[ 00121Fig. 6 shows a defect on a wafer; 100131Figs, 7a.-b show an i mage of
a def ed006S8]t e Bipd1 chowes panmidomincaeiwatat i c i mage; [0014] Figs. Sa-b show an
image of a defect site and correspondi ng schematic i nage after processing

W th a [béyegshokghs vak YRow dd@ked it sis of 98febts@BithrafRisd show i mages of a defect

site a dcorrespondi ng schematic
[0010] Fig. 4 shows an inspection system;

[0011] Figs. 5a-b show an embodiment of a process for defect detection;
[0012] Fig. 6 shows a defect on a wafer;
[0013] Figs. 7a-b show an image of a defect site and corresponding schematic image;
[0014] Figs. 8a-b show an image of a defect site and corresponding schematic image after
processing with a threshold value;
[0015] Figs. 9a-b and 10a-b show images 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.



i mages with edge exclusion of 1 and 2, respectively; and [0016]Fig. II
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wafer is shown. The wafer includes an active region in which a transistor 210 is formed.
Isolating the active region from other regions are isolation regions 280, for example, shallow
trench isolation (STI) regions. 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.



100211Fig. 2 shows a type of defect which may occur during fabrication. A
portion 201 of a wafer is shown. The wafer 'hides art active region in
which a transistor 210 is fornmed. Isolating the active region from ot her
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enbodi nent, conprises a prinary_electron,beanlsourcF, a
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.



secondary el ectron detection portion, an inmage processing portion, and a
system control portion. The primary el ectron beam source portion, for

exanpl e, includes an electron gun 10, a beamextraction electrode 11, a
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is obtal at step 50 for exanp conprises image of the
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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



size of the image acquisition can be selected to produce a defect site

whi ch conprises a plurality of pixels. For exanple, the pixel size is
selected to produce a defect site with an average of at |east 5 pixelthe x
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[0033] I n one enbodi ment, BVC | evels may correspond to | eakage current
magni t AYeshendin nds Dv@olemeher conregopding to therramitetr afibits allwgatiedudes. For
exanple, die gr er the AN fromthe transition |level, the higher the
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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.



[ 0035] Once the image of the. wafer is acquired, it is examned to determ ne
if there are defects. For exanple, the inmage may have nunerous 131, 7C and
DVC defects. Fig. 6 shows a SEM of a portion f sem conductor wafer 600 with
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the i naxirni mnunber of pixels inthe y direction is 8 The pixels vary in
di f f er éids dEldireyveariesgya by shotvhe the ¥ € sdpddminehidesa bfig3PpdCalSn dictikg b defecys.
5a-b, a defect site is selected for analysis at step 510. In one

enbodi meRtdefdch en &S @fbodiiett, ¢pr¥ehE @Shart BY (eall@dettthStdnlact PRige TithérdypesdyC
defect site may al so be useful . Anal ysis can be perfornmed inline by the

inspecglgfecgs(%gé alsERlesEXampl e, the software in the inspector tool can be
tailored to perfgonn the analysis inline. Alternatively, the analysis can be

perfor ffline 0038] At st 515 e.sel ed,sjte i.s processed to

eli mmﬁ&s(’ir r otlﬁd7€h NG %’E‘gl.agF QB%Réa Qﬁéﬁ% |ltﬁ€ﬂ§%%iqht§}lg‘gs t%?%gef‘?g?fbdslgv%l ue

(NTV) is defined. The NTV.detetinines the pixels to be elimnpated fraont the
def ect sshqmaticpyage@lyplke detect sitepthe deteet sitias shown elig. bra e, Enageqompases; han
the NI/ are elimnated. Conversely, pixels having GLV gn-eater than the NW
are el iampluralityofipixeds BE dehé ytdirsttianst Ade enaxmmumhaumber pf pixglslis therk dirgstigef ect
site are elimnated as a result of the NIV, the defect site is re tegorized

as a nans dailethic matigwunThembr\ofpateldia they diractivedis 8t The pirctvdry amlifffessnor i cal
data, test wafers or characterization of wafers having intentional defects

and kneymy 9Qef BbiEde thicdi@) e one enbodi ment, a bright NTV (BNTV) is
defined for BVC defect sites and a dark NTV (DNYV) is defined for DVC

detect (RS R B RISy SR AR SR b S 4 BT con
bot . EVEDSHRDLEHE SFictiai BUIPIED AV EOBIo-Er e SAAGRITRE lichsiaa0aio0
can al so be used for both BVC and DVC defect sites.

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

NTV, 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.



[ 00401Fi g. 8a shows an i $00 of a BVC defect site8b shows its corresponding
schematic image 801. The defect is the defect site as shown in Fig. 6. The
i mge conprises a plurality of pixels in the x and y directions. The image
is pro¢es3®d wintdneaniiNdiment| aibrigit NBV (BN Vo xadefired foi RECslefat siteg and @lderkof

35 or less are renoved fromthe i mage. [0041] Referring back to Figs. 5a-b,

the pixefrvep nged &eﬁ/Merfoﬁ D& i b SitesI THeBIRTVAAA b fof Bxadiipl6,taPutBRP60 The
defect sitein Fig. 7b or Fig. Sti shows only one plxel E’S wi t h hi ghest

it ik BRAS) SAPREAIE] sG186 Sftfer BNTR/ITM 15003 zgw&er@.am gty Pi xel

est exa acent” pixel's may e sane GV.

o T O o 8, LR B P SRR fonfolgEahg =

525, the image is processed to detern ne outer eg& pi xel s of the defect
site. THECeun be aluriy 0t X&0-sOthen NI/ valbesesugh aefe-1 F%‘halﬁfab‘*eu% deeathiBVius
decrease in GLV with respect to the center of the defect (e.g., brightest

pi xel and piVetstect sies. exanpl e, the outer edge pixels ay be those pi xel s
whi ch have a greater than 30% change in GLV with respect to the brightest

pi xel . [(d] r eskilt 8NhowkB@ENALE 800 bhe B8UDEe Bt et Snd Fip. 8B tledwe ifesbrivayoridingy ude
rows and colums with different numbers of pixels. [0043]An edge excl usi on

number n%lfeﬁm ic 1ﬂn O8FL. eﬁ%) }te id e ﬁ@f@&t@% a8@ShWSth | 06 et chdhisat es

the nunber or 1t{erations o ge excl usion processes he per 0|ned For

exanpl e, f FEN is.e e_excl usion proge

per f or AP alAtrX BI(?B@IS 'glc{ﬁﬁélaf}ﬂ Yﬁ%‘%&‘é‘g’é ?gl%ﬂﬁ;lfl%e 'S pfocm?)\ﬂﬁ r%&eigﬁg]\@e e 9k3%ach
colum_and each row of .the imag 1004411 n one enbadi.nment, the FEN can be
any \Ahgp’ée’ffﬂ!ili‘ﬂi%rp"&rl%]é%"é?gP%V8$3%6{1]§F5 grg removed drqrefRedABEr-d be any whol e
nunber for which at | east one or sone pixels remain in the processed inage.
For exdffle, tReferiny ek thEiganga-buttbe pixabonmixels with thtibighent Glo(iane identified at
radius fromthe center of the defect inmage. The radius, for exanple, can be
t aken agptshe. ThedtfestsitedaiFug 7brod Mig. 13 shews eily ona pbme(E:)rmiMh'rghest GIt\ie HEN
can be any whol enunber except zero which is less than the radius fromthe

cent er rRfwdvBE itde ﬁﬁ@érstb@@ﬂﬁt a BEREESGRRLYY cdnBifn RO ManlohePsel Rith &k HiEResof at

| east about 3-4. Qther EEN values are also useful. In one enbodiment, prior

o e TR SR, BB pRUEmEY fetihe LRl B2 MM he chibb ik, h@pdinter e N

is equa

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
GLV 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.



100451At step 535, edge exclusion processing is perfornmed. Edge exclusion
processing is repeated until N = HEN. Depending on the val ue of EEN, one or
nore rows and/or colums may be elimnated, |eaving at |east the pixel or
pi xel s [68449r nkronetdnebodanerey the fEENeani epgy wisnlehwinbher. grf@oA8id or wel to 1.
enbodi ment, a safeguard can be incorporated such that a m ni nrum nunber of

pi xel s THMERN SR Be afy Rhole dembeX ok WHi @ at PERESESIMN@me L flhessinahe t he
val ue of the EEN defined. For exanple, the MNP can be defined at step 530.

The MNP, | n i i ipoents,
the 1 il iaBE Y TERbio LAY Sin SOl whiBShusber e MUTEE cBBPRRMTR! D
is also yseful. [0047]FEor anmpl e, ter an iteration o e exclusion at
step 5:§@§ﬂust @ R RALe é’féli‘Fa‘f S dmags- g]gtfe ﬂ’iuﬁeflof ﬁ’éalmﬁ’bcélpfbﬁaq%flféﬁ? Sﬁg ' ni ng
at step 540. In one enbodinent, if the nunber of S remaining in the

i mage radiegiiom thocauer; Inhec eaedimest, thi AN srb b8 48 Wholedrmbeaexsedt &8ar dl ess
of the value of N. In another enbodinent, if the nunber of pixels renmaining
i's | essviitipis lédihantthe raelfigefran theisintn of threatessit ngagee rRrelveabls thesgrmed bbess of
the value of N. Additionally, the pixels renoved in the current iteration

of edggoEMCERINiI0Ph: RANGBSSI 3 Oitick BENeGdhdsefle hRo ubeful) UATRE epbodimeat, priontd he
image to be less than MNP arc reinstated into the image. I n other

enbodi i i eq ; tSwhtel i Vi ng
the nutpayyptEBH Ry QusPLt fhgiol BO0S R £ Sp AN R uTRdg st T

t he hi g%@aﬁt ?r hi gher Vs are reinstated before the |ower ones. After
r ei nst guiqhep “pi xel s or one or sone of the renoved pixels, the
edge excl usi on Er ocessing term nates. |In yet other enbodinents, the edge

excl usil¥#Shr ocAbser a3 1562¢ Bxckisin Bacessinghepetomeg; Hdgg sxclyfien progessing 1s
remai ni ng, regardless of MNP, O her configurations of safeguards can al so
be i nprepretedantil M+t BENt ddapending ng thmlum@ng%Nmnmrmorp reeeayy erpolunes may
process proceeds to step 570. (00481If the nunber of pixels remaining in

the pr beehmethtédyb@@ingSt \est the pidedor Pphls at drencdatheecenter OE the imagqramathivg.t h EEN
at step 545. If Nis not equal to BEN, for exanple, Nis |less than EEN, the

al ue of[odﬂs'!;s | DR TRNoRn @, SLBEnaR0cANYS ihERPEhEIRNOR IAKE hisihRih RIABEST NY
at step 535. On tnhe other hand, 1f the value of Nis equal to EEN, edge

G S A N ST S S

are av %rm{sl gxea%ll}lc(:), 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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define the final CGEV (FGAV) or defect G N (DGEV) for the defect site. The
MEV is used to categorize the defect at step 575. In one enbodi nent, based
on the FGEV, the defect can be determined as a killer defect or non-killer
def ect befoie thedowethads Mrfier rdifistathg thé Evhoved pinteds aleonefor shrae at thepembi @&l piaelge
defined by a threshold DAV, the defect site is categorized as a killer

def ect 4, d gk RecINLibR brd?:@ [%!ef'mfdﬁ?es F@l-Yetlothepetdboink s, BECRARE @J@él@swﬁlg@@ess

defi ned by the threshold N, the defect is categorized as a non-killer or

mar gi nal ect n WEG_%( ichis

gr eat er?t ﬂ%L Hieat‘%é)l{/%\iF lFe llsdit %oneg)? %eg{eem%hngia%ggﬂgi%? ; ect while
bel ow or equal to _the threshold DGEV. is categqrized. as killer defect,
For Dveowfigugations O@Fﬁemréﬁcqnsalﬁoe%m%ﬂeﬁt?é R AreSrpnatnsche e f&ﬁ' Yo i zed
as a killer defect while above or equal to the threshold DAV is

cat egopraceshing the progesk prdcgedsdtefstaptS70The t hr eshol d DALV can be det er mi ned
fromhistorical test data neasured fromtest wafers, for exanple, having

i ntent (@8] delfeled suralie of Pivsts Eonthisg incthe pRBBSEF imagess greater thanedVNPptheof

KI'EV t QaRe bY REis @bmP&c@Hith PENT2LRPI5a8! Immamqea 16 BEND CorQARIPMEH; is 1dsOT
exanpl e, correlation and calibration can be perforned based on C AFM or

cal o PR QB EPR, lﬁﬁﬂ%@iﬁ*ﬁ%ﬁ@?’*k@#ﬁiﬁdﬁ%@@ﬁ%“’ PRk
"ot ur netba38t oy BS6et pad, ne S BNt KEFTin bl SiTelluPm s iREEE s

the process ternminates at step 580. it is understood that at |east sone of
t he seéjnegeds complstaslcamdpraeesgstader H8-al t ered according to the user's
preference. 100531In an alternative enbodi nent, the neasured GLV or DGV of
a pi xe[0449] t heAt stey570, shesGhMsax tlerretpinng pikelsan tw dafoet {ngdjare aveapgedie at
the GV. That is, (TIN= WAN - RGV. The RGV can be obtained, for exanple,

from adedecthe figel QLY. (FBYL \s)ditdetet GLY (MEGL Y the deteddGlty, TheBGLIWR vasdito
positive G N s can be obtained for a pixel. For exanple, a negative G N may

rel atefy %ﬂ@\‘g‘e %%&&Qtﬁ btreg q%ﬁ%nﬁ@dlﬁteﬁt b&ed oRYite ?@ﬁWtHeSiefé%?cérf wnsition

betvveen case e great er the G LV, the higher the

magni tyde of | eaka ent h han t he t.
G oV, iEieg &0 Rl A NCALE mﬁt?&gﬂ ”?‘%eu B2 b RalB0s o
wher e there can be posiitive or negative GV, the outer edge cells of the

i mage the aseepiablomngs dehrediay o twpsheld RELY tﬂl*f‘e‘ieé‘e‘it st 1 q3teggizedAs AN ot her
defect. On the other hand, if the FGLYV is within the acceptable range defined by the threshold

DGLYV, the defect is categorized as a non-killer 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 DGLV 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 DGLV 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 FGLYV to a type of defect, metrological techniques can be employed.
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process steps for such applications remain simlar, takingTthepolarity

di fferences. [00551We have found that the edge cells are nost susceptible
to surface chargi ng or noise which renders the neasured val ues unstabl e.
That i For themplte aurcbadiovn ahd eslibratjomern tegerfopead hired oorC-AdM bsanotproBpg
elimnating these stable pixels, nore stable and repeatable DAV

di stri kuitH RBp&etty GEVOb}tﬁéﬂ@@lmuﬁ&@%M&tm@&n&/oaaﬂlb%&m BlrQan alxa e sisand
correspondl ng schematic imges f a defect site after edge exclusion of |

and 2, ect W@Eéé)cesﬁsat% Vs c?eftén%'ineg ex%xa% YilePBefeltife fé"ﬂ?:%a@&ed?' pels

in the e i s reduced r exanpl e, ter one edge plxe 910 1S renoved

frome h end _of each row er e

| mage, GTE are lwovr%%?g%reﬁwafosﬁ%g &R ke e Tpesieadt s bEPRisBeh® A0 and
col um of pixels, ixels remain, In eit her case, the center p| xel

r emai nPrOCCIDEHMNAL o F stein a80-yIt iundersiead thait leartesomie ef thepequencs it PEIFESSi t e of
interest is deter5 the average G Ns of the remaining pixels of the site
af t er pteps emsbaglierdhicsohiisg wuhd usey’ sfprefetace.enhance stability and
repeatability of G N distribution. 100581ldentification of the defects can
be on poessyct i Branafeaiasive @fibbdinidie, the lesdueed GOV @DGEYSofaf it i dRdmiage is
determ ne defective dies fromgood dies. The good dies wll be processed to

conpl efts{é@&c&éa %}% fE'f&@Nd gbiq:) td 2Byt ik @w kitat B GESS @I waRbEY.

conpl e to f msubsta devices. [0059]1n other enbodi nents, the

| dent | tIth ?{(5190 Cgtfl bde{)t%{:ntea f%lagxa?nllﬁg, 11190 %Srgf%rén%e qiaet eéynld%?raét(ﬁ% the DGLV from

RGLYV, negative and positive GLVs can be obtained for a pixel. For example, a negative GLV

may relate to a DVC, a positive GLV may relate to a BVC and 0 is the transition between DVC
and BVC. In such case, the greater the GLV, the higher the magnitude of leakage current. On
the other hand, the more negative the GLV, the higher the magnitude of resistance.

[0054] For such applications where there can be positive or negative GLV, the outer edge
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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causes of defects in the manufacturing process. Once the root causes are
determ ned, the manufacturing process may be nodified to correct for the
defects. 10060] The invention may be enbodied in other specific forns

wi t hout{0asSpar t Additibnalhy, as Aescspéd, ithe Hinal €8s\ fitoimathe shiap fintarest st detgmitasryof |
The foregoi ng enbodi nents, therefore, are to be considered in all respects

i1 ust fid dveeage @IS of tha Ferhziifﬂntggﬂﬂelé bEthi Bite AftdrPRoctesifg.| Deid hieb&@hnfourliiope of
the invention is thus indicated by the appended cl ai nsrather than by the

f or egoi e%ﬁl?;g{cgtsfaﬂﬂig %@B%%tgﬁw&%lﬁ%w wi t hin the neaning and

range of equi val ency are intended to be enbraced the Wat is
claimed 1s:; . A.nmethad of form ng.a device conpri,sifng. ..
o ovi afL sl o 05 TR difirs san Heuuod Ry iaiFis GOTRH e dPissrion
t hereon, wherein the device conprises at |east one defect, site;
acqui r Prgess gfidevicas idateranes dfeetive diestlaem 2epd dieseilbe gees dighwilbbspregessedyi xel
conprises a grey level value (A N); urrounding noises of the defect site;
i dent i toycomgplatipotonforrofdetices. | Alegedieswith@oudimlice defsttstcar bd ebmpleted to form sub-
performng a plurality of iterations to exclude outer edge pixels
sur r oug@hagdidegiceent er of the defect i1image; and
[0059] In other embodiments, the identification of defects can also be used to determine root
causes of defects in the manufacturing 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 specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the invention described herein. Scope
of the invention is thus indicated by the appended claims, rather than by the 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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categorizing the defect as a killer defect or a non-killer defect. 2. The
nmet hod of claim |l wherein elimnating surroundi ng noi ses conpri ses:
defining a bright noise threshold value (BMN in a bright voltage contrast
(BVC) defect site, elimnating pixels having G N less than the BNTV; or
defi ni ng ar.k noise threshold value (DNTV) in a dark vol tage contrast
(DVC) def &¢patds ¢lamed iy nat i ng pi xel s having G N greater than the DNIV, 3.
The nethod of claim2 wherein the center f the defect conprises: one pixel
or adj acent pixels having the hi gheSLABMP in a BVC defect site; or one

pi xel or adjacent pixels having the lowest GV in a DVC defect site. 4.
The met hod. of & mkethod offi@enga ibecocdmepristtige pi xel s conprises pixels with a
drastic change in G N with respect to the center of the defect. 5. The

met hod of cl ai mrdvidheheubstRxEeonetimdg atletst aQRABMIR fSRh& dRTRth&esH, defining
an edge exclusion nunber (ERN) to indicate the nunber of iteration of edge

excl usi on processes. .0 cgﬁlgﬁgésfa?[ ne defect Si(yﬁner ein the EEN conprises a ole

unber except zero which'i ess than the ra ’us fromthe center of the
m i o B el EITRRER PP ek 6 P dgls b rheb o bR cafRphd "0 °
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;
performing a plurality of iterations to exclude outer edge 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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conparing the nunber of pixels remaining in the inmagewith MNP after each

iteration of edge exclusion; and termnating the edge exclusion
process if the nunber of pixels remaining in the image is equal to MNP. 7.
The met hod of claim4 further conprises: defining a m ni num nunber of
pi xels (MNP) remain after edge excl usion processing; conparing the

nunber of pixels remaining in the image with MNP after each itetation of
edge exclusion; termnating the edge exclusion process if the nunber of

pi xel s redmi ni Ageimethdseofidhamet Whetemsexcluding qutir; edga gixels comprisesist ati ng t he
pi xel s renpved in the current iteration of edge exclusion processing. 8.
The met hod of dbfuhing ankeégetxelustinnaindicr GENh® ipdicateshe eumbve of derghpnses;
reinstating the pixels with higher GINs before the pixels with [ ower G Ns

in a BVC deft@flexsiuk®n gelssgslg@bégﬁﬁﬂéa,s t he nunber of pixels equal to MNP;
or rei nstati(ﬁ%pi xels va\’/i?‘%h | ower Vs before the pixels with higher ANs in

wherein the EEN comprises a whole number except zero which is 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
iteration 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.
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a DVC defect siteiage has the nunber of pixels equal to MNP. 9. The nethod
of claim4 wherein the edge exclusion process is termnated when there is
at least one " el 10. The nmethod of claim| wherein categorizing the defect
conprises: determning a defect grey level value (DGLV) for the defect site
by averaglng t GVs of inin |xe S; etum ni.ng a threshol d
DCLV defi i ng Qﬁ tﬂE W ‘ére’fncﬁeq”é nglli’rplﬁfé?gﬂove ARG Bar i ng t he
DUN for the defect site with the threshold DGEN. 11. The nethod of claim
10 further conpeingeting the pixelscwitlehightr G hYs bpleraibe btelawith lawar |(ErViaf ect i f
the DAV is greater than the threshold DEAV and categorizing the defect as
a non kil h@Vddéfect sifefuntihtheDbye hs thessmbéraf pieleepual totMNPher t hr eshol d DGV

in a -BVC defect site; or categorizing the defect as a killer defect
if the DAV Isrélﬁs%&lﬂghﬁeﬁtﬁag With RSP RBNoraeke FiRtie Atk g GInes wef ect as
a non-killer defect it t e DAV is greater than or equal to the threshold

DALV in a 'B\(fc %ﬁfe‘é%t if the n%&iQ% ﬁzgs‘%gé E%nﬁﬁ‘éﬁﬁﬁ%l@%@l% IQNPa reference CLV.

The net hod arm L ere n e pl conprises: a positive
GV relating to a bright voltage contrast (BVC); or a negative CGEV rel ating
to a dark voltage contrast (MG .

9. The method of claim 4 wherein the edge exclusion process is terminated when

there is at least one pixel remaining.

10.  The method of claim 1 wherein categorizing the defect comprises:
determining a defect grey level value (DGLYV) 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.

11.  The method of claim 10 further comprises:

categorizing the defect as a killer defect if the DGLV 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 DGLV is less than the threshold
DGLYV 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.
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14. The nethod of claim 13 further conprises: processing the inmage to
determ ne outer edge pixels of the defect site, e outer edge pixels

conprises pixel, with a change in polarity 15, The nmethod of claim 14
wher ei n excl udi ng outer edge pixels conprises: defining an edge

excl usi on nunber (E to i.ndjcate. the r of iterations of edge

excl usi on 1pr oci&é‘ée%?'\‘gﬁ ‘b&%@‘rﬂﬁﬁ@ﬂ!t edi%ﬁﬂi‘@rpé’fq]mlst VE‘%%OE’Orrpri ges a
whol e nunber except zero which is |less than the radius fromthe center of
t he def ecsubtragtjog a ng:afured fBi\hbra sffershes GLY5 wherein cat egori zing t he

def ect pri ses: determ ning a defect grey level value (DGEV) for the

defect site by averaging the GEVs of the remaining pixels;
determ ning a threshold DAV defining an acceptable range for a killer

defect; and conpamhditod Seldd M WRéreinBe BRf\esE the iph@l Whrhpridebe threshol d DCLV.
17, A nethod of form ng a device conprising:
a positive GLV relating to a bright voltage contrast (BVC); or

a negative GLV relating to a dark voltage contrast (DVC).

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 (EEN) to indicate the number of iterations
of edge exclusion processes to be performed,
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 (DGLYV) for the defect site by averaging
the GLVs of the remaining pixels;
determining a threshold DGLYV defining an acceptable range for a killer
defect; and

comparing the DGLV for the defect site with the threshold DGLV.
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provi ding a substrate containing at |least a partially foiiued device

t hereon, wherein the device Lonprises at | east one defect site;

acquiring a pixilated i nage of the defect site sel ected, wherein each pixel
conprises a grey level value (GEN); elimnating surroundi ng noises of the

defect site; identifying . a.point of the image as the center of the
def ect whé?ei n‘qt‘iﬁ‘éthegr??gqn%‘?ggﬂ‘é“g"e?‘g’&ﬂn%ri ses one pixel or adjacent
pi xel s having the highest CLV in bright voltage contrast (M) defect site,
or one pipsetidiag a gapsiratatongiinag ot leastiamgritatly fhawesedevee therpon.a dar k

vol tage contrast (DVC) defect site; performng a plurality of

i t er at i onsvheietheldediee cuimerisesd) eapt oveldefestisitepundi ng t he center of the
defect image; and categorizing the defect as a killer defect or a

non-killer def aequir_inglgpixﬁia@dmhg@slﬂﬁ& defeai sMekélcvfes) whéteinRaciopiker edge
pi xel s conprises pixels with a drastic change in GEN with respect to the

center of chﬁ?ﬁQe%fae%Qlewtva]—&e(dﬁ%)hOd of claim 18 wherein categorizing the

def ect conprtses: ermning a defect grey level value (DAY) for the
detect 1L by oL 0% 2 1S, R Germa g pi el s deterini s 1d
identifying a point of the image as the center of the defect wherein the center
of the defect comprises
one pixel or adjacent pixels having the highest GLV in a bright voltage
contrast (BVC) defect site, or
one pixel or adjacent pixels having the lowest GLV in a dark voltage
contrast (DVC) defect site;
performing a plurality of iterations to exclude outer edge pixels surrounding
the center of the defect image; and

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

18.  The method of claim 17 wherein the outer edge pixels comprises pixels with a

drastic change in GLV with respect to the center of the defect.

19.  The method of claim 18 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 DGLYV defining an acceptable range for a killer
defect;

comparing the DGLV for the defect site with the threshold DGLV; and
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conparing the D@ A for the defect site with the threshold DA N, and
categorizing the defect as a killer or non-killer defect which further
conpri ses categorizing the defect as a killer defect if the DAV is
greater than the threshold DA N and categor|2| ng the defect as a non-killer

defect if the DOD is equal tao. t t hreshol d in 13-Ve
Gefect i ter osteorising GEait o1 fki1ERE brar BT Saseed Mo Bthicseimirishs ¢ e
DA Nis less than the threshold DC LV and categorizing the defect as a
non-killer defect ifcateherizigg feidefapt ane killer fefactdf theddfa EVtI%glteh@rthaneshold
DALV in a DVC defect site. 20. A systemfor nonitoring defects conprises:
means for provitlk theeshold DG Vaind categordzing thg defect ens homkiplar defattlifthet ri ed
devi ce thereon, wherein the device conprises at |east one defect site;

means for cqui MEOVas RsXihkAbPeyialBd@e #iredhdf DEACIn SBVE &ERst&er Wherein
each pixel conprises a grey level value (G N); neans for elim nat i ng

surrounding nol ses_aluch it HefRRcrak hea iller AERNT HRDELOM Idkyiaigup poi nt of

the image as the cente or per ormngapurallty of
iterations to cIu S .S rroundl th £r of the
def ect age; (rﬂ D%Tt\?ﬁlé‘f‘éag%ﬁorr‘%fq@h? ﬂ‘@yﬁtﬁ@&onggu ‘%ﬁcﬁ?t Yefect or a

non-kil | er
DGLYV is greater 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 site;

means for acquiring a pixilated image of the defect site selected, wherein each
pixel 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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