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WAFER DEFECT CLASSIFICATION 

FIELD OF THE INVENTION 

The present invention is in the geiieral field of detecting and classifying 

· defects in wafers during and/or after manufacture. 

s BACKGROUND OF THE INVENTION 

As is well known, considerable effort is spent in academia and industry 

towards developing techniques enabling the detection of defects in wafers 

before their cleavage into distinct dies, capsulation and subsequent · 

distribution to the marketplace in the form of chips. Preliminary defect 

IO detection inter alia improves the_ ''yield" in terms of discarding defective 

wafers and consequently increasing the percentage of fault~free chips 

delivered from the productic;m line. 

In recent years, defect detection has. been improved by techniques for 

classifying defects into distinct defect types. These techniques not only allow 

15 identification of defective wafers so as to increase the yield,1 but also to 

provide some information on the cause of the defects. The production stage 

can then be reconfigured or" modified in order to produce a better wafer 

series. 

The improved sensitivity accomplished by classifying defects is 

20 illustrated graphically in Fig. 1 (10), which shows the number of defects (Z) 

of various types (Y) for four sequentially produced wafers (X). Whilst the 
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total count (12) is essentially the same for the four wafers, the count for defect 

type ~ (14) dramatically increased over time. This allows the cause of the 

defect to be identified and corrected. 

A ru~entary defect classification method involves a person visually 

s inspecting wafers for defects and classifying the defects according to 

predetermined criteria. This manual procedure is not only slow but also error 

prone, since it relies on the inspector's professional skills which obviously 

differ from one inspector to another. 

Automatic Defect Classification (ADC) ~echniques cope in many 

10 respects with the shortcomings of the manual procedures. Thus, for example, . 

KLA of Santa Clara, CA, markets a software package, called Impact, 

as an add-on option to its inspection-review systems, such as the Indy 2230. 

The software applies certain algorithm. to the defect image taken by a CCD 

camera to attempt and classify the defect. Notably, the Impact algorithm 

1s can be operated only when the system ~ in the 'review mode, and is 

inoperable when. the system is in the inspection mode. Thus, in order to 

classify the defects, the system first has to scan the entire wafer in the 

inspection mode, switch to the review mode and re-visit the suspected sites 

identified during the inspection mode, take a magnified image of the defect 

20 and a reference site, and only then apply the ADC algorithm to classify the 

defect. The latter mode of operation is generally known in the industry as 

"re-visit ADC". Also notably, the system: uses only a siI,igle image of the 

defect from a single perspective. 

Whilst the CCD image based analysis is more ac~ and reproducible 

2s than the manual procedure (i.e. virtually i~entical results are obtained by 

repeated analysis of the same wafer), it still has some major shortcomings, 

e.g. it is time consuming. It is important to note in this context, that a 

prolonged wafer inspection session adversely affects the entire production line 

throughout. Unduly· slowing down the production line throughput for wafer 
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inspection is, in many cases, commercially infeasible from a cost perspective, 

consi~g the high cost of the chip fabrication process. 

There is accordingly, a need in the art to provide for an ADC technique 

that will provide a relatively accurate and reproducible defect classification, 

s and that at the same time, will substantially reduce the duration of the 

defect classification stage of hitherto known devices. To this end, in the 

present ~vention, defect classification is substantially incorporated into the 

wafer inspection phase so as to constitute an. 9n-the-fly ADC, i.e. the ADC is 

inspected as the wafer is scanned for defects. 

10 Throughout this specification, a use is made of the convention that 

"inspection" refers to the process wherein a substrate is scanned to identify 

locations suspected o~ having defects thereon, whilst "review" refers to the 

process wherein the suspected locations are revisited to confirm/refute the 

presence of a defect in the suspect location and investigate the defect should 

ts such indeed exists, all as known per se. 

SUMMARY OF THE INVENTION: 

20 The present invention is based on the finding that by illuminating a 

wafer and collecting the scattered light by at least two detectors it is possible 

not only to detect defects in the wafer but also to classify the defects into 

distinct types by analyzing the attributes of the collected llght. By this 

approach, an "on the fly" ADC is accomplished. According to the invention, 

25 dark field type detectors are utilized for collecting the scattered light. 

Wafer has substantially mirror-like surface and, accordingly, when the 

illuminating beam is incident on a fault-free region of the inspected wafer it is 

reflected at expected direction (in compliance with the SNELL law). Thus, by 

way of example, if the angle of the incident beam is normal to the wafer's 
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surface, the expected· direction of the . scattered light is also nomial to the 

wafer surface (i.e. the angle between the illuminating beam and the scattered 

beam is substantially zero). By way of another. example if the angle· of the 

incident be8:JD is in 45 relative to the wafer's surface, the expected direction 

s of the scattered light is 135 relative to the wafer surface (i.e. the angle 

between the illuminating beam and the scattered beam is substantially 90 ). 

Dark field detector is placed such that it is adapted to detect light 

scattered in direction substantially different from the specified expected 

direction. Accordingly, when the beam is incident on a fault-free region of the 

to inspected wafer a dark field detector senses low (if any) energy. It: on the 

other hand, high energy is sensed by a dark :field detector, this indicated, that 

the illuminating beam is not incident on a mirror like surface but rather on an 

irregular geometry being a defect of a given type. In contrast for bright field 

detectors an attenuated energy indicates that the illuminating beam is incident 

15 on an irregular geometry, whereas high energy indicates that the illuminating 

beam is not incident on a mirror like surface. 

Since dark field detectors respond predominantly to defects (unlike the 

so called ''bright field detectors") they virtually filter out "noise" and respond 

to "signal" (signal stands for "defecf'), and substa1'-tially the whole process 

20 of defect detection. and classification is not only simplified but is also more 

accurate. 

Accordingly, the present invention provides for a method for on-the-fly 

automatic defect classification (ADC) in a scanned wafer, comprising: 

(a) providing at least two spaced apart detectors; 

25 (b) illuminating the scanned wafer so as to generate an illuminating spot 

incident on the wafer; 

( c ) collecting light scattered from the spot by the at least two spaced 

apart detectors; and 
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( d) analyzing said collected light so as to detect defects in said wafer 

and c~assi:fying said defects into distinct defect types. 

In the context of the ... invention, when referring to the location of 

detectors, tJ:t.is does not necessarily imply that all the constituents of the 

5 detector are placed at the prescribed location, but rather that at least the light 

sensing or collecting part of the detector is plac~d at the specified location. 

Thus, for example, by one embodiment, the light receiving edge of a bundle 

of optic fibers (forming part of a detector) are placed in the vicinity of the 
. . . . 

wafer whereas the rest of the detector's. components are coupled to the 

Io opposite remote edge of the bundle. 

By one embodiment the illuminating light is incident on the wafer at an 

angle substantially normal to the wafer surface. According to this embodiment 

the optical axis of each dark field detector is at a grazing angle to the surface 

of th~ inspected wafer. 

15 By another embodiment, the illtlTDinating light is incident on the wafer 

at a grazing angle to the wafer surface. 

By one embodiment, said light detectors are arranged such that each 

detector faces another detector located substantially opposite thereto. 

By another embodiment said detectors are located in substantially even 

20 distribution. 

The number of dark field detectors may vary depending upon the 

particular application, e.g. 2 or 4. 

"Collecting" may include, whenever required, conversion of the 

received optical energy to an elecirical signal. 

25 By yet another embodiment, at least one additional bright field detector 

is. employed. By this embodiment there is further provided the step of 

providing at least one additional bright field detector; scattered light being 

collected by said additional at least one bright field detector according to step 
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(b) and said analysis, stipulated in said step ( c ), being applied to the scattered 

light collected by said additional at least one detector. 

Preferably said analysis for classifying defects utilizes a so called 

scattered light attributes. Typical, yet not exclusive, example of attributes 

5 being reflected light ~tensity, reflected light volume, refl~cted light linearity 

and reflected light asymmetry. The nature and utilization of the specified 

reflected light attributes are discussed in greater detail below. 

Typical, yet not exclusive, examples of ylassificatibn types being: small 

or big particle (substantially a three-dimensional defect); small or big pattern 

10 (substantially a two dimensional defect). A refined classification may be used 

to determine whether the defect is a scratch (big or small). Other defect types 

may, of course, be used all as required and appropriate, including an unknown 

defect category. 

The present invention :further provides for a system for on-the-fly 

15 automatic defect classification (ADC) in a scanned wafer, comprising: 

(a) light source illuminating the scanned wafer so as to generate an 

illuminating spot incident on the wafer; 

(b ) sensor collecting light scattered from the spot by the at least two 
. . . 

spaced apart detectors; and 

20 ( c) processor analyzing said collected light so as to detect defects in 

said wafer and classifying said defects into distinct defect types. 

Still further the invention provides at least one additional bright field 

·detector; said scattered light being collected by said additional at least one 

bright field detector and said processor applies said analysis to the scattered 

25 light collected by said additional at least one detector. 

Still further, the invention provides for: in a system for on-the-fly 

automatic defect classification (ADC) in a scanned wafer, 

processor programmed to perform the steps comprising: 
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receiving signals from at least two spaced apart detectors, which signals 

.indicative of light scattered from the wafer and. detected by said detectors; 

and 

~g said signals so as to detect defects in said wafer and 

s classifying said defects into distinct defect types. 

10 BRIEF DESCRIPTION OF THE DRAWINGS: 

In order to understand the invention and to see how it may be carried out 

in practice, a preferred embodiment will now be described, by way of 

non-limiting example only, with reference to the accompanying drawings, in 

which: 

is Fig. 1 is a three dimensional graph that illustrates the advantages of 

defect classification; 

Fig. 2 is a schematic block diagram of a system according to one 

embodiment of the invention; 

Fig. 3 is a graphical representation of a light scattered pattern as detected 

20 by respective evenly distributed dark field detectors in response to 

illuminating a particle type defect; 

Fig. 4 is a graphical representation of a light reflection pattern as 

detected by respective evenly distributed dark field detectors in response to 

illuminating a pattern type defect; 

25 Fig. 5 is a graphic representation of one embodiment for identifying 

pixels of a defect; 

Fig. 6 is a block diagram illustrating a generalized defect classification 

analysis sequence, according to one embodiment of the invention; 
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Fig. 7 is a graph representing volume vs. ·intensity attributes that is 

utilized in a defect classification analysis procedure, according to one 

embodiment of the invention; 

Fig. 8, is a graph of aSymmetry vs. linearity attributes that is utilized in 

s the defect classification analysis procedure, according to one embodiment of 

the invention; 

Fig. 9 is a schematic block diagram of a system according to another 

embodiment of the invention; and 

Fig. 10 is a schematic block diagram of a system according to yet 

10 another embodiment of the invention. 

8 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS: 

Turning first to Fig. 2, there is shown a schematic block diagram of a 

system (20) according to one embodiment of the invention. As shown, a 

s source of light (21) illuminates a small region of an inspected wafer (22) 

that is secured to a known per se X-Y stage (not shown). Th~ light source 

may be, for example, a conventional laser source. The incident light beam 

continuously scans the wafer in the X direc~on (arrow 23). At the end of 

each scan, the wafer is displaced in the Y ~ection arrow (24), under the 

1 o control of said X-Y stage, and the wafer is rescanned in the X direction 

until the _entire wafer has been scanned, all as known per se. Four evenly 

distributed dark field detectors 26, 27, 28 and 29-are placed adjacent to the 

peripheral edge of the wafer such that their respective fields of view 

substantially overlap to form the detection zone. The detection zone 

is includes the illuminated region of the wafer, and due to the XY movement 

of the wafer relative to the detectors, the entire wafer will eventually pass 

through the detection zone. 

Any incident light scattered in the direction of one or more of 

detectors 26, 27; 28 and/or 29 (e.g. photo multiplier or CCD) will be 

20 collected.and converted into an electrical signal to be transmitted (typically 

in digital form) to an analyzer module 34 whose operation will be 

expounded upon in greater detail below. 

Those versed in the art will readily appreciate that Fig~ 2 illustrates 

only one out of many possible embodiments of the invention. Thus, by way 

25 of non-limiting example, when considering the detectors of the system, 

whereas in Fig. 2 four evenly distributed dark field detectors are shown, the 

invention is by no means bound by e.g. the number of detectors, the 

location of the detectors and/or their type. Two non-limiting dark field 

examples are shown also in Figs. 9 and 10 below. 
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There follows · a brief description of the so called scattered light 

attributes according to a specific embodiment of the invention which, as 

will be explained below; are used in the defect classification process. 

Attention i~ now directed to Figs. 3A-B showing graphical representations 

· s of light scattering patterns as detected by respective, evenly distributed, 

dark field detectors in response to illuminating a particle (Fig. 3A) type 

· defect. Fig 3A shows a wafer (31) with a particle type defect adhered 

thereto (32) (shown in enlarged scale for the· sake of clarity). A particle type 

defect is chaiacterized by rising above the surface of the wafer. Due to the 

10 3- dimensional (D) geometry of the particle and the irregular (non mirror 

like) surface thereof: the incident light beam is scattered in various 

·· directions as clearly shoWn. in Fig. 3B. The latter illustrates, schematically a 

cross sectional side view of the wafer along A-A. Thus, light beam (35) that 

· is incident on particle (32) is reflected in· various directions (e.g. 36(1) 36(2) 

15 · 36(3) 36<4> and 36<~ •. Tum1ng back to Fig. 3A, ·the reflected light is detected 

by the four evenly dis1ributed detectors ((26) (27) (28) and (29) ~ee Fig. 2) 

and the intensity (in terms of gray level) as detected by each detector is 

illustrated graphically in respective 3D graphs · (36)-(39) in Fig. 3A. Each 

graph represents an X-Y matrix of pixels and· the detected intensity (Z) 

20 expressed in 8-bit gray level value. As expected, higher energy 

(represented as a higher gray level value) is sensed by those pixels in a 

detector receiving light scattered from the particle (e.g. 36' in graph 36), 

compared to the energy sensed by those pixels which receive light·reflected 

from the fault-free flat regions (e.g. 36" in graph 36). 

2s Since light is scattered from the 3D particle in all directions, aparticle 

type defect is detected as a high energy level, sensed by most or all Qf the 

detectors). A pattern type defect, in contrast, does not substantially rise 

above the surface of the inspected wafer. Thus, as shown in Fig. 4, a 

pattern type defect will normally give rise to detected high energy in only a 

10 
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few of the detectors. Hence, by way of example, defect (41) has an 

irregular pattern as compared to that of neighboring members ( 42 and 43). 

·The irregular pattern (41) has inclined edges (44) and (45) which, when 

illuminated.by the incident beam, will scatter reflects light in directions (46) 

5 and ( 47), which is detected as. a high intensity in regions ( 48) and ( 49) of 

detectors (26) and (28) respectively. 

Whilst the specific pattern and particle examples depicted in Figs. 3 

and 4 are, of course, not binding and numer~us others may be encountered 

in real life scenario," they serve, generally, for understanding the distinction 

10 . between pattern and particle type defects. 

As explained above, in order to classify defects to certain categories, 

it is necessary to identify pixels originating from a defect. There are known 

in the literature techniques for accomplishing preliminary defect detection 

and a typical, yet not exclusive, technique is explained with reference to 

15 Fig. 5 (see also U.S patent no. 5,699,447 to Alumot) 

Thus, Fig. 5 shows a graphic method for identifying pixels from a 

defect. The graph of Fig. 5 is constructed by plotting the gray level value of a 

pixel having (x,y) coordinates in a first die of an inspected wafer as a 

function of the gray level. value of the pixel having the same (x,y) 

20 coordinates in a neighboring die. Jn the ideal case, (no defect), the two gray 

level values are equal and consequently all the points in ~ph 5 lie on line 

(50). Put differently, the gray level value of the pixel in the first die (abscissa) 

is identical to the gray level value of the counterpart pixel in th~ neighboring 

die (ordinate). In reality, the points in the graph ofFig. 5 will be gathered 

25 around line (50), and most of them will lie within the boundaries (52) and 

(53). 

When a defect.in a first die is encountered, a significant difference is 

detected between the gray level values of pixels originating from the 

defected region in first die and the gray level values of the counterpart 

11 
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pixels originating .from the fault free region in a second die (for example, 

pixel~ 54, 55 and 56 that form part of a defect). 

. It should be noted that the graphic illustration of Fig. 5 is obtained by 

analyzing r~sults obtained from one detector~ As recalled, encountering 

s defects in one detector does not necessarily imply that the same defect ·is 

encountered in the remaining detectors (see e.g. Fig. 4 where only two 

detectors detected the defect). 

It should again be emphasized that 1h:e example of Fig. 5 is by no 

means binding and other techniques for detecting suspected defects are also 

10 feasible. 

The following discussion will assist in understanding the specific 

scattered light attributes· utilized for defect classification according to one 

embodiment of the invention, to wit: 

• Intensity: for all pixels classified by · at least one detector as 

1s originating from a defect (or suspected of originating from a defect), 

sum the gray level values thereof so as to give rise to a total intensity 

value. Thus, for example, if 5 pixels in the first detector are classified 

as originating from a defect, and 6,8, and 5 pixels in respective second 

third ~d fourth detectors are, likewise, classified as originating from 

20 the defect, the total interisity value is calculated by summing the gray 

level values of the specified 24 pixels. Volume: the total number of 

pix.els suspected of originating from defect in at least one detector. 

Thus, for example, if a given defect extends over 10 piiels in a first 

detector, 'I 5 pixels in the second detector, 17 ·pix.els in a third detector 

25 and none in the forth detector, thevoluine attribute is 10+15+17=42. 

• Linearity: this attribute grades how linear the array of defective 

pixels is in each detector. Thus, if all pixels suspected of originating 

from a defect lie (in a given detector) on a straight line, the linearity 

12 
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grade is l;· As the array of pixels deviates .from a sttaight line, the 

linearity grade decreases 

•. Asymmetry: this attribute . grades the symmetry of the defect by 

comparing the intensities of the scattered light detected by pairs of 

s radially opposite placed detectors. 

Having describe~ in general, the scattered light attributes according to 

one embodiment of the invention, there follows a description, with 

reference to Figs. 6 and 7, of a sequence af steps for performing defect 

classification. 

10 It should be emphasized that after having detected pixels constituting 

a defect (e.g. by utiliZing the technique of Fig. 5), the specified attributes 

are utilized for defect classification whilst the wafer is still under inspection 

(i.e. ~'on the fly). 

Turning now to Fig. 6, a defect (61) is classified as Big (62) or Small 

1s (63) according to whether its volume attribute is smaller or larger than a 

threshold value B. In thls specific example the threshold Bis set to 16. For 

"Big" defects (62), a further analysis step which exploits a first threshold Tl 

(<i5) aims at distinguishing between a Particle type defect (66) and a 

Pattern type defect (67). As_ recalled, a particle has a substantially 

20 three-dimensional geometry, whereas a pattern ~ a substantially 

two-dimensional geometry. For a better understanding of the foregoing, 

attention is . now directed to Fig. 7 showing a graphic representation of 

volume (abscissa) vs. intensity (ordinate) ~ttributes. Distinguishing 

between a pattern and a particle is based on the observation that for a given 

25 volume attribute (i.e. number of pixels that constitute a defect), the iiltensity 

grade associated with a particle is, as a rule, higher than that associated with 

a pattern. This is due to the ·ract that particles tend to scatter the incident 

light in all directions and consequently, a high intensity is sensed in all 

detectors. In contrast, a pattern type defect of the same size (i.e. having the 

13 
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same volume value) tends to scatter the incident light in particular 

directions, so that only some of the detectors sense a high intensity (see e.g. 

Fig. 3A-B vs. 4). Th.us, for a given defect.size, a particle will give rise to a 

· higher int~sity attribute than a pattern. 

s This observation is clearly reflected in Fig. 7, where for "Big" 

volumes (i.e. exceeding the threshold ·B (~4)), those defects ,lying above 

threshold Tl (65) are classifi.ed as particles whereas those residing below Tl 

are classified as patterns. Thus, for example, defects (71) and (72) both 

have the same volume grading 30, but respective intensity values of 2200 

10 (below threshold Tl) and 6800 (above threshold Tl). Accordingly, the 

former is classified as a pattern and the latter a particle. 

Reverting now to Fig. 6, T4 (68) provides an additional fine tuning 

tool. Thus, T4 can be placed between the abscissa and Tl{des~gnated T4" 

· in Fig. 6) or above Tl{ designated T4' in Fig. 6). In the former option, T4" 

1s . assists in discerning · between scratches · and patterns~ Thus, all the 

population of suspected· defects that reside below T4'' is classified as 

patterns (70 in Fig. 6) whereas the population of patterns that reside 

between T4" and Tl is subject to :further analysis in order to distinguish 

between pattern and scratch. (see below). This decision criterion is based on 

20 the assumption that for a given volume, patterns will generate lower 

intensity than scratches and therefore all those population who generate low 

intensity for a given volume (i.e. they reside below T4 "). 

Now, The asymmetry and linearity attributes will assist in refined 

classification patterns into scratch type defects and pattern type defects. 

25 The underlying premise in distinguishing scratches from patterns is that 

scratches are linear whereas other pattern type defects are round. The 

linearity-asymmetry criterion is applied only to those populations that 

reside between T4" and Tl.. 

14 
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Bearing thisg~neral observation in mind, attention is·now directed to 

Fig. 8, which will assist in clarifying the distinctions between scratches and 

patterns. The abscissa in Fig. 8 is the linear regression_ coefficient wherein I 

indicates p~rfect linear and 0 random scattering. In the graph of Fig. 8, the 

5 asymmetry values range from 0 to 0.7. The asymmetry value is obtained 

according to the following algorithmic expression: !-(A +BIC+D) 

where A, B are the intensities detected by respective members of a first 

pair of opposite detectors (e.g. 27 and 29. in Fig. 2) and C, D are the 

intensities detected by respective members of a second pair of opposite 

10 detectors (e.g. 26 and 28 in Fig. 2). 

Thus, for example, defect (41) in Fig. 2 is asymmetric as it scatters 

light only in the directions of one pair of detectors and virtually does not 

reflect light in the direction of the other pair. The ratio A +B/C+p is th.us 

small and the overall result 1-(A +BIC+D) is, obviously, close to 1. 

15 Accordingly, the m~e asymmetry is the attribute of the defect the 

closer is the asymmetry grading to l. 

In Fig. 8, areas (81, 82 and 83) are characterized by high linear and 

asymmetric grading and therefore defects residing therein are classified as 

scratches (69 in Fig. 6). Defects residing in areas (84, 85 and 86), are 

20 characterized by low linearity and a high symmetric grading ((70) in Fig. 6) 

and are therefore classified as patterns. 

The rest of the areas (87), (88) and 89) are equivocally classified as 

scratch or pattern. 

It should be noted that various modifications may be applied. Thus, by 

25 way of a non limiting example, the thresholds which distinguish between 

the specified areas (0.2 and 0.5 in the ordinate) and (0.974 and 0.982 in the 

abscissa may be set to different values and, likewise, the number of areas 

may be changed, all as required and appropriate. 

15 
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T 4 ' serves for fine tuning decision criteria between big pa.i."'ticle and 

scratahes. Thus, all the population of defects that reside above T4 • is 

classifies as big particles (since for a given volume they generate a very 

high intensity), whereas the population that reside· between Tl and T4' is 

s send to the asyminetry-linearity ·decision· phase for ·classifying the defects 

as scratch, big particle or not decided (Le .. · scratch or big particle). ·. 

Turning now to small defects (63 in Fig. 6), due to their small 

geometry, it is difficult to apply the intensity/volume criteria used for big 

defects to discern between 3D (particle) and 2D (pattern) defects. Thus, a 

10 second threshold T2 (73), serves for distinguishing between small particle 

(74) and· small unknown (?5). As before, T2 is determined empirically, 

depending upon the particular application". 

Now, the distinction betWeen small pattern (74) and micro-scratch .. 
(76) obtained according to· the asymmetric grading, i.e. symmetric defects 

15 are classified .as small particle whereas asymmetric defects are classified as 

micro-scratches. Due to the small dimension of the defect, use of the 

liriearity attribute to distinguiSh between micro scratches and small particles 

is unreliable and therefore not used. 

Those versed in the art will readily appreciate that the definition of the 

20 scattered light attributes ·may be modified, one or more attnoutes may be 

deleted and/or others may be added,· all as required and appropriate 

depending upon the particular application. Likewise, the utilization of 

scattered light attributes for classifying defects is by no means bound to the 

specific examples illustrated with reference to Figs. 6 to 8. Put differently, 

25 the attributes may be utilized in a different manner for classifying the 

specified defects, one or more of the ·classifications may be modified, one 

or more classifications may be deleted and/or others may be added, all as 

required and appropriate. One, no~-limiting, modification concerns 

utilization of at least one additional bright field detector (not shown). By 
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this specific embodiment, the bright field detector contributes only to the 

volume attribute in That the number of pixels detected by the bright field 

·detector (and which are suspected to originate from a defect) is summed to 

together wi1:}i the counterpart numbers of pixels as contributed by the dark 

s field detectors so as to constitute a volume value. Thus, the volume ~ttribute 

will consist on the sum of pixels that form part of a defect in all the dark 

field detectors and in the bright field detector. The utilization of the brlght 

field by this specific embodiment is bas~d on that unlike dark field 

detectors, which sense energy reflected from only parts of the defect under 

10 question, bright field detector is placed above the defect ~d therefore has a 

clearer view of the entire defect, or at least a major portion thereof. 

By this specific example, the bright field detector does not contribute 

to the other attributes (intensity, linearity and asymmetry). 

Another non-limiting modification is illustrated in reference to Fig. 9, 

1s where unlike Fig. 2, the illuminating beam (90) is incident on the wafer at 

an angle a. substantially different than 90°. Fig. 10 illustrates yet another 

non limiting modification where the illuminating beam (100) is incident on 

the wafer at an angle a. substantially different than 90°, and only two dark 

field detectors are utilized. Generally speaking, the exploitation of intensity, 

20 volume, asymmetry and linearity characteristics as generally illustrated and 

described with reference to Fig. 6 may be used in a similar manner also for 

the configurations of Fig. 9 and/or 10. This, however, is not obligatory. 

It should be noted that designation of order of steps in the claims are 

done for convenience only. 

25 The present invention has been descn'bed with a certain degree of 

particularity but it should be understood that various modifications and 

alterations may be made without departing :from the scope or spirit of the 

invention as defined by the following claims: 
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.CLAIMS: 111111111111111111111111111111 
* C ·L M S * 

1. A m~o~ _for Ol).-the-:fly automatic defect classification (ADC) in a 
. . 

s scanned iwafef; comprising: 

(a) providing at least tWo sp~cec). ap~ det~tors; 

(b) illuminating the scanned1w¢°e1ifso as to generate an illuminating spot 

incident on the wa.fetr; 

( c ) collecting light scattered from the .spot; by the at least two spaced 

10 apart detectors;:~q· 

( d) analyzing said collected light so as to detect defects in sai4 wafet and 
. . . r 

classifying said defects into distinct defect typ~ 

2. The method of Claim 1, wherein said step (a) comprises providing at 

least .twct. spaced apart dark field detectors. 

1s 3. The me1hod of Claim 2, wherein said step (a) comprises arranging said 

detectors such that each detector faces another detector located substantially 

opposite thereto. 

4. The method of Claim 2, wherein said step (a) eomprises arranging 

said detect91'S .in a substantially uniform distribution around the scanned 
. . . 

20 waferr . 

S. The method. of c~.-~' wherein said step (a) comprls~ arranging 

said detectors such that the optical axis of eacb detector is at a grazing angle 

to the surface of the inspecteti. Wafet. 

6. The mc;thod of Claim .2, wherein said step (b) co~prisi112 illuminating 
~ 

25 the wafer sucli that said spot is incident on the wafer' at a grazing angle to the 

waf~~surface. 
' 

7. The method of Claim 1, further compi;ij;ing the steps of providing at 

least one additional bright field detector; scattered· light being collected by 

said additional at least one bright field detector according to step (b) and said 
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analysis, stipulated in said step ( c ), being applied to the scattered/. light 
.. . . . . . . .. 

collected by said additional at least one detector. 

8. The method of Claim 2, :further comprising the :•eps. of ;rovicling at 

least one a4ditional bright field detector; · scattere~ .. li'ght bemg collected by 

5 said additional at least one bright field detector according to step (b) and . .-aid 

analysis, stipulated in said step ( c ), being applied to the sc:atteredl light 

collected by said additional at least one detector. 

9. The method of Claint.?,; wherein said ~tep for ~ysis for classifying 

defects utilizing s~ttered light attnoute$" 

10 10. The method of Claim ~' wherelli said step for an8J.ysis for classifying 

defects utilizing scattered light attnoutes includes at least one of the following 

attributes: scattered light ,intensiw, scattered light volume, scattered light 

linearity ancf reflected tight. asymmetry. 
'- . 

11. The method according to Claim 1, wherein said step of classifying 

15 includes at least two of the following types: small particle, big particle; small 

. ·-· pattern, big pattern; small scratch, big scratch. 

12. The method according to Claim 2, wherein said step of classifying 

includes at least two of the following types: small particle, big particle; small 

pattern, big pattern; small scratch, big scratch. 

20 13. A 8Ys1'.~ for on-the-fly automatic defect classification (ADC) in a 

scanned wafer~ comprising: 

(a) light source illuminating the scanned wafer so as to generate an 

illuminating spot incident on the wafer; 

(b ) sensor collecting light scattered from the spot by the at least two spaced 

25 apart detectors; and 

( c) processor analyzing said collected light so as to detect defects in said 

wafer and classifying said defects into distinct defect types. 

14. The system of Claim 13, wherein said at least two spaced apart detectors 

being of dark field type. 
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15. The system of Claim 14, wherein said detectors are arranged such that 

. each detector faces another detector located substantially opposite thereto. 

16. The system of Claim 14, wherein said detector ~ arranged in a 

substantially unifonn distn"bution around the scanned ·wafej: 

s 17. The system· of Claim 14, w~erein said detectors are arranged such that 

the optical axis of each detector is at a grazing angle to the surface of the 

inspected _wafey. 

18. The system of Claim 14, wherein said light sourctt illuminating the wafer 

such that said ·_spot is incident on the wafer flt a grazing angle to the wafer 
. . 

10 surface. 

19. The system of Claim 14, further comprising at least one ·additional 

bright field detector; ·said s~ttere~·'. light being collected by said additional at 

least one bright field detector and said processor applies said analysis to the 
r 

scattered light_ collected by said: additional at least one detector. · 

is 20. The system of Clam 1.:\, further comprising at least one additional bright 

field detector; said scattered light being collected by said additional at least 

one bright field detector and said processor applies said analysis to· the 

scattered light collected by said additional at least one·. detector. 

21. The system of Claim 14, wherein said utilizing scattered light attributes 

20 for said analysis. 

22. The system of Claim 21. wherein said ~qattered ligh' at1riput~ incl~ 

at least one of the following attributes: scattered light intensity, scattered light 

volume, scattered light linearity and reflected light asymmetry. 

23. The system according to Claim.14, wherein said:Jl!<>Cessoi1!classi:fies 

25 said defects into at least two of the following types: small particle, big 

particle; small pattern, big pattern; small scratch, big scra.tcb 

24. The system of Claim ·14, wherein said processor classifies satd defects 

into at least two of the following types: small particle, big particle; small 

pattern, big pattern; small scratch, big scratch. 
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25. In a s}rstemfor on-the-fly automatic defect classification (ADC) in a 

. scanned wafer, 

processor programmed to perform the steps comprising: 

receiving s~gnals from at least two spaeed apart detectors, which signals 

s indicative of light scattered from the wafer and detected by said detectors; 

and 

analyzing said signals so as to detect defects in said wafer and classifying said 

defects into distinct defect types. 

26. The system of Claim 22, wherein said intensit.v and v9lum~ attributes 

IO are utilized for defining a first threshold (fl); said ·'91'oce$or is capable of 

utilizing said Tl· for ··~lassifying said defects into particle type or pattern type; 

27. The system of Claim 26, wherein said intensity and volume attributes · 

are further utilized for defim:ng a .second tbr~hold (f 4); said ·~ocessor is 

capable of: utilizing said .T4i for classl:fying said pattern. defects into pattepi 

is type defect or scratch type defect. 

28. The system of Claim 26, wherein said intensity and volurile. atttjbut~ 
-

are further utilized for defining a second threshold {f 4]; said. ~ocessor is 

capable of utilizing said. T4 for classifying said particle defects into big 

particle type or scratch\particle type defect. 

20 29. The system of Claim 22, wherein said process~ utilizes said 

asymmetry and linearity attn'butes for classifying· patterp. ~e def~ct into 

scratch type defect or pattern type· defect; said 1processot :further utilizes said 

asymmetry and linearity attributes for classifying particle type defect into 

particle type or scratch type defect. 
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