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NOTCH DETECTING METHOD 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a notch de tecting 

method for detecting a notch representing a crystal  

orientation of a wafer. 

Description of the Related Art 

        Device chip manufacturing processes produce  device 

chips by processing wafers where devices are formed  in 

respective areas demarcated on the wafers by a grid  of 

streets, also known as projected dicing lines, 

established on face sides of the wafers.  The wafer s are 

divided along the streets into a plurality of devic e 

chips having the respective devices.  The device ch ips 

thus fabricated will be used in various electronic 

appliances including mobile phones, personal comput ers, 

etc. 

        A wafer is divided by a cutting apparatus, for 

example.  The cutting apparatus divides the wafer, i.e., a 

workpiece, by causing a rotating annular cutting bl ade to 

cut into the wafer.  A wafer may alternatively be d ivided 

by a laser processing apparatus that includes a las er 

beam applying unit for applying a laser beam to the  
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wafer, i.e., a workpiece.  In recent years, as elec tronic 

appliances have become smaller in size, the device chips 

have been required to be thinner.  To meet such a 

requirement, therefore, it has been customary to th in a 

wafer before the wafer is divided into individual d evice 

chips.  Wafers are typically thinned by a grinding 

apparatus that grinds a workpiece with a grinding w heel 

having a plurality of grindstones.  The wafers thus  

thinned are divided along the streets thereon into thin 

device chips. 

        Crystalline wafers such as silicon wafers e ach have 

an indentation referred to as a notch that represen ts 

their crystal orientation.  The notch is formed by 

intentionally cutting a fragment off from the outer  

circumferential portion of a wafer.  When such a no tched 

crystalline wafer is processed by various processin g 

apparatus described above, the notch of the wafer i s 

detected and its orientation is adjusted on the bas is of 

the position of the detected notch.  In this manner , it is 

possible to process the wafer with the notch direct ed in 

a predetermined orientation.  JP 2011-40637A, for e xample, 

discloses a grinding apparatus including positionin g 

means for positioning a wafer.  The disclosed posit ioning 

means detects a notch defined in the outer 
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circumferential portion of a wafer from an image ca ptured 

of the wafer by a camera, and adjusts the central 

position and orientation of the wafer on the basis of the 

detected notch. 

 

SUMMARY OF THE INVENTION 

        When a crystalline wafer is processed by a 

processing apparatus, the processability of the waf er may 

be different depending on the crystal orientation o f the 

wafer due to the processing details.  For this reas on, the 

processing apparatus detects a notch of the wafer a nd 

processes the wafer as it is directed in a predeter mined 

orientation based on the position of the detected n otch. 

        However, the outer circumferential portion of a 

notched wafer may have an indentation other than th e 

notch.  For example, when such a notched wafer is m achined 

in a cutting process, a grinding process, or the li ke, if 

the machining tool contacts the wafer, it may chip a 

fragment off from the outer circumferential portion  of 

the wafer, forming an unintentional indentation the rein 

that appears to be similar to the notch.  In the pr esence 

of the indentation, a subsequent process of detecti ng the 

notch of the wafer may tend to fail to identify the  notch 

or the indentation correctly, i.e., may determine t he 
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accidentally formed indentation as the notch in err or.  If 

the unintentional indentation formed in the outer 

circumferential portion of the wafer is erroneously  

determined as the notch, then the processing appara tus 

positions the wafer on the basis of the indentation  

erroneously identified as the notch, and then proce sses 

the wafer.  As a result, the wafer is processed whi le 

being directed in a wrong orientation, and is liabl e to 

suffer a processing failure. 

        In view of the above problems, it is an obj ect of 

the present invention to provide a method of correc tly 

detecting a notch of a wafer. 

        In accordance with an aspect of the present  

invention, there is provided a notch detecting meth od for 

detecting a notch defined in an outer circumferenti al 

portion of a disk-shaped wafer as representing a cr ystal 

orientation of the wafer, including a placing step of 

placing the wafer on a rotary table and positioning  a 

portion of the outer circumferential portion of the  wafer 

in an image capturing area of a camera, an image 

capturing step of capturing a plurality of images o f the 

wafer with the camera while the rotary table is rot ating, 

thereby acquiring an image of the outer circumferen tial 

portion of the wafer, a contour data acquiring step  of 
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acquiring contour data including coordinates of a c ontour 

of the wafer on the basis of the acquired image, a 

hypothetical circle calculating step of calculating  a 

hypothetical circle that approximates the contour o f the 

wafer on the basis of the coordinates of the contou r of 

the wafer, an irregularly shaped area determining s tep of 

determining whether an irregularly shaped area exis ts in 

the outer circumferential portion of the wafer or n ot on 

the basis of a distance between the hypothetical ci rcle 

and the contour of the wafer along radial direction s of 

the wafer, and a first notch determining step of 

determining whether the irregularly shaped area is the 

notch or not on the basis of a distance between the  

hypothetical circle and a tip end of the irregularl y 

shaped area along the radial directions of the wafe r. 

        Preferably, the notch detecting method furt her 

includes a pointedness calculating step for calcula ting 

pointedness of the irregularly shaped area and a se cond 

notch determining step of determining whether the 

irregularly shaped area is a notch or not on the ba sis of 

the pointedness of the irregularly shaped area. 

        Preferably, the notch detecting method furt her 

includes a dividing step of dividing the image into  a 

first image and a second image by a straight line t hat 
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extends radially of the wafer to divide the irregul arly 

shaped area into two parts, a first similarity 

calculating step of calculating a first similarity 

corresponding to a similarity between the first ima ge and 

an inverted image produced by inverting the second image 

about the straight line, a second similarity calcul ating 

step of calculating a second similarity correspondi ng to 

a similarity between the first image and the second  

image, a third notch determining step of determinin g 

whether the irregularly shaped area is a notch or n ot on 

the basis of the first similarity, and a fourth not ch 

determining step of determining whether the irregul arly 

shaped area is a notch or not on the basis of the s econd 

similarity. 

        The notch detecting method for detecting a notch 

according to an aspect of the present invention 

determines whether an irregularly shaped area forme d in 

the outer circumferential portion of the wafer is t he 

notch or not on the basis of the size or shape of t he 

irregularly shaped area.  Accordingly, even if an 

indentation other than the notch is formed in the o uter 

circumferential portion of the wafer, the indentati on is 

less likely to be erroneously determined as the not ch, 

and the notch can properly be detected. 
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        The above and other objects, features and 

advantages of the present invention and the manner of 

realizing them will become more apparent, and the 

invention itself will best be understood from a stu dy of 

the following description and appended claims with 

reference to the attached drawings showing a prefer red 

embodiment of the invention. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

        FIG. 1 is a perspective view of a wafer hav ing a 

notch to be detected by a notch detecting method 

according to an embodiment of the present invention ; 

        FIG. 2 is a perspective view of a notch det ecting 

apparatus; 

        FIG. 3 is a flowchart of an operation seque nce of 

the notch detecting apparatus; 

        FIG. 4A is a diagram illustrating a first i mage of 

a region where no notch exists; 

        FIG. 4B is a diagram illustrating a second image of 

a region where a notch exists; 

        FIG. 4C is a diagram illustrating a third i mage of 

a region where a semicircular indentation exists; 

        FIG. 4D is a diagram illustrating a fourth image of 

a region where a sectorial indentation exists; 
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        FIG. 4E is a diagram illustrating a fifth i mage of 

a region where a rectangular indentation exists; 

        FIG. 5A is a diagram illustrating the first  image 

where a hypothetical circle is displayed; 

        FIG. 5B is a diagram illustrating the secon d image 

where the hypothetical circle is displayed; 

        FIG. 6A is a diagram illustrating an image 

representing a distance D 1 in an irregularly shaped area 

in the second image; 

        FIG. 6B is a diagram illustrating an image 

representing a distance D 2 in an irregularly shaped area 

in the third image; 

        FIG. 7A is a diagram illustrating an image 

representing a tip end portion of the irregularly s haped 

area in the second image; 

        FIG. 7B is a diagram illustrating an image 

representing a tip end portion of the irregularly s haped 

area in the fourth image; 

        FIG. 8A is a diagram illustrating an image 

representing the second image that is divided by a 

dividing line; 

        FIG. 8B is a diagram illustrating an image 

representing the fifth image that is divided by a 

dividing line; 
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        FIG. 9A is a diagram illustrating an image 

representing the second image that includes an inve rted 

image; and 

        FIG. 9B is a diagram illustrating an image 

representing the fifth image that includes an inver ted 

image. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

        A notch detecting method according to a pre ferred 

embodiment of the present invention will be describ ed 

hereinbelow with reference to the accompanying draw ings.  

First, a wafer whose notch is to be detected by the  notch 

detecting method according to the present embodimen t will 

be described below.  FIG. 1 illustrates the wafer, 

generally denoted by 11, in perspective. 

        The wafer 11 is a disk-shaped crystalline w afer 

made of a semiconductor such as silicon, for exampl e, and 

includes a face side 11a and a reverse side 11b lyi ng 

generally parallel to each other.  The wafer 11 has  a 

plurality of rectangular areas demarcated on the fa ce 

side 11a by a grid of intersecting streets or proje cted 

dicing lines 13.  Devices 15 such as integrated cir cuits 

(ICs), large-scale integration (LSI) circuits, ligh t-

emitting diodes (LEDs), or microelectromechanical s ystems 
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(MEMSs) are formed respectively in the rectangular areas 

demarcated on the face side 11a by the streets 13. 

        The wafer 11 has a notch, i.e., an indentat ion, 11c 

defined in an outer circumferential portion thereof  as 

representing the crystal orientation of the wafer 1 1.  The 

notch 11c is formed when a fragment is cut off from  the 

outer circumferential portion of the wafer 11 from an 

outer circumferential edge of the wafer 11 radially  

inwardly toward the center of the wafer 11.  For ex ample, 

the notch 11c is of a semicircular shape as viewed in 

plan.  The notch 11c is formed in a predetermined p osition 

corresponding to the crystal orientation of the waf er 11.  

Therefore, the operator can grasp the crystal orien tation 

of the wafer 11 by confirming the position of the n otch 

11c. 

        The wafer 11 is not limited to any particul ar 

materials, shapes, structures, sizes, etc.  For exa mple, 

the wafer 11 may be a disk-shaped wafer made of a 

semiconductor such as GaAs, InP, GaN, or Sic other than 

silicon, sapphire, or the like.  The devices 15 are  not 

limited to any particular kinds, quantities, shapes , 

structures, sizes, layouts, etc. 

        The wafer 11 is processed in various ways.  For 

example, the wafer 11 may be divided along the stre ets 13 



11 

into a plurality of device chips having the respect ive 

devices 15.  Furthermore, the wafer 11 may be thinn ed 

before being divided, so that thinned device chips may be 

obtained from the thinned wafer 11. 

        A cutting apparatus or a laser processing 

apparatus, for example, is used to divide the wafer  11.  

The cutting apparatus includes a chuck table for ho lding 

the wafer 11 thereon and a cutting unit having an a nnular 

cutting blade.  When the cutting blade is rotated a nd 

moved to cut into the wafer 11 along the streets 13 , the 

wafer 11 is cut and divided into device chips.  The  laser 

processing apparatus includes a chuck table for hol ding 

the wafer 11 thereon and a laser beam applying unit  for 

applying a laser beam to the wafer 11.  When the la ser 

beam applying unit applies the laser beam to the wa fer 11 

along the streets, the wafer 11 is processed by the  laser 

beam and divided into device chips.  A grinding app aratus, 

for example, is used to thin the wafer 11.  The gri nding 

apparatus includes a chuck table for holding the wa fer 11 

thereon and a grinding unit having an annular grind ing 

wheel that includes a plurality of grindstones.  Wh en the 

grinding wheel is rotated and moved to bring the 

grindstones into contact with the wafer 11, the waf er 11 

is ground and thinned. 
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        After the wafer 11 has been processed, the 

processed wafer 11 may be inspected.  For example, an 

inspecting apparatus for observing the processed re gion 

of the wafer 11 is used to confirm the state of 

processing marks left on the wafer 11, e.g., kerfs,  

flaws, or the like. 

        For processing or inspecting the wafer 11, it may 

be necessary to place the wafer 11 in a predetermin ed 

orientation.  Therefore, various processing apparat us and 

inspecting apparatus incorporate or are coupled to a 

notch detecting apparatus for detecting the notch 1 1c of 

the wafer 11.  The orientation of the wafer 11 is a djusted 

on the basis of the position of the notch 11c detec ted by 

the notch detecting apparatus. 

        FIG. 2 illustrates a notch detecting appara tus, 

i.e., a notch detecting unit or a notch detector, 2  in 

perspective.  In FIG. 2, X-axis directions, i.e., f irst 

horizontal directions, and Y-axis directions, i.e.,  

second horizontal directions, extend perpendicularl y to 

each other.  Z-axis directions, i.e., vertical dire ctions, 

upward and downward directions, or heightwise direc tions, 

extend perpendicularly to the X-axis directions and  the 

Y-axis directions. 

        The notch detecting apparatus 2 includes a rotary 
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table, i.e., a holding table, 4 for holding the waf er 11 

thereon.  The rotary table 4 has an upper surface a s a 

flat surface generally parallel to the X-axis direc tions 

and the Y-axis directions, and acts as a holding su rface 

4a for holding the wafer 11 thereon. 

        Specifically, the rotary table 4 includes a  

cylindrical frame body, i.e., a main body, 6 made o f 

metal, ceramic, resin, or the like.  The frame body  6 has 

a hollow cylindrical cavity or groove, 6b defined 

centrally in an upper surface 6a thereof.  A disk-s haped 

holding member 8 for holding the wafer 11 thereon i s 

fitted in the cavity 6b.  The holding member 8 incl udes a 

porous member made of a porous material such as por ous 

ceramic, and includes pores, i.e., a fluid channel,  

therein that provides fluid communication between u pper 

and lower surfaces of the holding member 8.  The up per 

surface of the holding member 8 acts as a circular 

suction surface 8a for holding a central portion of  the 

wafer 11 under suction thereon.  The upper surface 6a of 

the frame body 6 and the suction surface 8a of the 

holding member 8 lie substantially flush with each other, 

jointly making up the holding surface 4a of the rot ary 

table 4. 

        A tubular spindle 10 extending vertically a long the 
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Z-axis directions is connected to the rotary table 4.  The 

spindle 10 has an upper end coupled to the lower en d of 

the rotary table 4 and a lower end coupled to a rot ary 

actuator 12.  The rotary actuator 12 includes an el ectric 

motor for rotating the spindle 10 about a vertical axis 

generally parallel to the Z-axis directions.  When the 

rotary actuator 12 applies rotary power through the  

spindle 10 to the rotary table 4, the rotary table 4 

rotates about its central axis generally perpendicu lar to 

the holding surface 4a.  The central axis about whi ch the 

rotary table 4 rotates is positioned at the center of the 

rotary table 4. 

        A connector 14 is mounted on a middle porti on of 

the spindle 10 in surrounding relation to the spind le 10.  

The connector 14 is connected to a suction source 1 8 such 

as an ejector through a fluid channel 16 in the for m of a 

tube, a pipe, or the like.  The holding surface 4a of the 

rotary table 4, i.e., the suction surface 8a of the  

holding member 8, is connected to the suction sourc e 18 

through the pores in the holding member 8, fluid 

channels, not illustrated, defined in the frame bod y 6 

and the spindle 10, the connector 14, and the fluid  

channel 16. 

        A camera, i.e., an image capturing unit, 20  for 
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capturing an image of the wafer 11 on the holding s urface 

4a is disposed over the rotary table 4.  The camera  20 may 

include a visible light camera having an image capt uring 

device for detecting visible light and converting i t into 

an electric signal, an infrared camera having an im age 

capturing device for detecting an infrared radiatio n and 

converting them into an electric signal, or the lik e.  The 

camera 20 captures an image of an object that is 

positioned in an image capturing area 22 thereof an d 

generates an image signal representing the captured  

image. 

        The components of the notch detecting appar atus 2, 

i.e., the rotary actuator 12, the suction source 18 , the 

cameras 20, etc. are electrically connected to a 

controller, i.e., a control unit or a control devic e, 24.  

The controller 24 outputs control signals to the 

components of the notch detecting apparatus 2 to co ntrol 

operation of the notch detecting apparatus 2.  The 

controller 24 includes a computer, for example, inc luding 

a processing unit, not illustrated, for performing 

processing operations required to operate the notch  

detecting apparatus 2, and a storage unit 26 for st oring 

various items of information including data, progra ms, 

etc.  The processing unit includes a processor such  as a 
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central processing unit (CPU).  The storage unit 26  

includes various memories as a main storage device,  an 

auxiliary storage device, etc. 

        The notch detecting apparatus 2 is incorpor ated in 

the various processing apparatus and the inspecting  

apparatus referred to above, for example.  The notc h 

detecting apparatus 2 may alternatively be installe d 

independently of the various processing apparatus a nd the 

inspecting apparatus, and connected to the processi ng 

apparatus and the inspecting apparatus.  The orient ation 

of the wafer 11 to be processed by the processing 

apparatus and the orientation of the wafer 11 to be  

inspected by the inspecting apparatus are adjusted on the 

basis of the position of the notch 11c detected by the 

notch detecting apparatus 2. 

        FIG. 3 is a flowchart of an operation seque nce of 

the notch detecting apparatus 2 for detecting the n otch 

11c of the wafer 11.  A specific example of the not ch 

detecting method according to the present embodimen t will 

be described below with reference to FIGS. 2, 3, an d so 

on. 

        First, a placing step (step S1) for placing  the 

wafer 11 on the rotary table 4 will be described be low.  

The wafer 11 is delivered to the rotary table 4 by a 
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delivery mechanism, not illustrated.  As illustrate d in 

FIG. 2, the wafer 11 is placed on the rotary table 4 such 

that the face side 11a is exposed upwardly and the 

reverse side 11b faces the holding surface 4a, for 

example.  Then, the suction source 18 applies a suc tion 

force, i.e., a negative pressure, to the suction su rface 

8a, holding the wafer 11 under suction on the rotar y 

table 4. 

        The holding surface 4a of the rotary table 4 is 

smaller in diameter than the wafer 11.  In addition , the 

wafer 11 is placed on the rotary table 4 such that the 

center of the wafer 11 and the center of the rotary  table 

4 are generally aligned with each other.  Therefore , when 

the rotary table 4 holds the wafer 11 thereon, the outer 

circumferential portion of the wafer 11 is position ed 

radially outwardly of the outer circumferential edg e of 

the holding surface 4a of the rotary table 4.  In o ther 

words, the wafer 11 is placed with its outer 

circumferential portion protruding radially outward ly 

from the holding surface 4a.  The camera 20 has bee n 

positionally adjusted such that the image capturing  area 

22 thereof is radially outwardly of the holding sur face 

4a of the rotary table 4.  When the wafer 11 is hel d on 

the rotary table 4, a portion of the outer 
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circumferential portion of the wafer 11 is position ed 

within the image capturing area 22 of the camera 20 .  

However, the diameter of the holding surface 4a of the 

rotary table 4 may be identical to or larger than t he 

diameter of the wafer 11.  In this case, the holdin g 

surface 4a of the rotary table 4 can support the wa fer 11 

in its entirety.  For example, if the wafer 11 is t hin and 

flexible, then it is preferable to hold the wafer 1 1 in 

its entirety on the holding surface 4a of the rotar y 

table 4. 

        Next, while the rotary table 4 is rotating,  the 

camera 20 captures a plurality of images of the waf er 11, 

thereby performing an image capturing step (step S2 ) for 

acquiring a plurality of images of the outer 

circumferential portion of the wafer 11.  Specifica lly, 

the controller 24 outputs a control signal to the r otary 

actuator 12 to rotate the rotary table 4 at a 

predetermined speed.  Moreover, the controller 24 o utputs 

a control signal to the camera 20 to capture a plur ality 

of successive images of the outer circumferential p ortion 

of the wafer 11 positioned within the image capturi ng 

area 22 of the camera 20 at predetermined time inte rvals. 

        When the rotary table 4 is rotated, differe nt areas 

of the outer circumferential portion of the wafer 1 1 are 



19 

successively positioned in the image capturing area  22 of 

the camera 20.  The camera 20 captures a succession  of 

images of the outer circumferential portion of the wafer 

11 along a circumferential direction thereof.  In t his 

manner, the camera 20 captures a plurality of image s at 

an enlarged scale of the different areas of the out er 

circumferential portion of the wafer 11.  The camer a 20 

continues to capture images of the outer circumfere ntial 

portion of the wafer 11 until the wafer 11 makes on e 

revolution upon rotation of the rotary table 4.  Th e 

camera 20 captures images of the outer circumferent ial 

portion of the wafer 11 at intervals depending on t he 

rotational speed of the rotary table 4 in order to cover 

the outer circumferential portion of the wafer 11 i n its 

entirety.  Therefore, when the image capturing step  is 

carried out, one or more images including the notch  11c 

of the wafer 11 are acquired. 

        An example of images of the wafer 11 acquir ed in 

the image capturing step is illustrated in FIGS. 4A  

through 4E.  FIGS. 4A through 4E illustrate respect ive 

images 30A through 30E captured by the camera 20 of  the 

outer circumferential portion of the wafer 11.  Eac h of 

the images 30A through 30E includes an existent reg ion 

(bright region) 32 corresponding to a region where the 
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wafer 11 exists and a non-existent region (dark reg ion) 

34 corresponding to a region where the wafer 11 doe s not 

exist.  However, depending on image capturing condi tions 

for the wafer 11, e.g., illuminating conditions, th e 

sensitivity of the camera 20, etc., the bright and dark 

regions may be inverted, and the region where the w afer 

11 exists may be a dark region whereas the region w here 

the wafer 11 does not exist may be a bright region.  

        FIG. 4A illustrates the image 30A (first im age) 

representing a region where the notch 11c does not exist.  

When an image of the wafer 11 is captured while the  notch 

11c is not positioned in the image capturing area 2 2 (see 

FIG. 2) of the camera 20, the image 30A is acquired  which 

does not include a pattern corresponding to the not ch 

11c.  The image 30A includes an arcuate contour 36 defined 

by the boundary line between the existent region 32  and 

the non-existent region 34 as representing the oute r 

circumferential edge of the wafer 11. 

        FIG. 4B illustrates the image 30B (second i mage) 

representing a region where the notch 11c exists.  When an 

image of the wafer 11 is captured while the notch 1 1c is 

positioned in the image capturing area 22 (see FIG.  2) of 

the camera 20, the image 30B which includes an 

irregularly shaped area 38A corresponding to the no tch 
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11c is acquired by the camera 20.  The image 30B in cludes 

a contour 40A of the irregularly shaped area 38A th at 

corresponds to the edge of the notch 11c, in additi on to 

the arcuate contour 36. 

        The wafer 11 may have indentations other th an the 

notch 11c in the outer circumferential portion ther eof.  

For example, when the wafer 11 is cut along the str eets 

13 (see FIG. 1) by the cutting blade of the cutting  

apparatus, a fragment may be chipped off from the o uter 

circumferential portion of the wafer 11 and scatter ed 

away, resulting in an indentation in the outer 

circumferential portion of the wafer 11.  When the wafer 

11 is ground by the grinding wheel of the grinding 

apparatus, a fragment may be broken off from the ou ter 

circumferential portion of the thinned wafer 11 by the 

pressure applied from the grinding wheel to the waf er 11, 

resulting in an indentation in the outer circumfere ntial 

portion of the wafer 11.  Therefore, the outer 

circumferential portion of the wafer 11 is liable t o have 

unintentional indentations produced by various caus es as 

described above.  If such unintentional indentation s are 

present in the outer circumferential portion of the  wafer 

11, then when the camera 20 captures successive ima ges of 

the outer circumferential portion of the wafer 11, the 



22 

captured images include images of those indentation s 

other than the notch 11c.  A semicircular indentati on, a 

sectorial indentation, and a rectangular indentatio n that 

are formed in the outer circumferential portion of the 

wafer 11 in addition to the notch 11c will hereinaf ter be 

described by way of example. 

        FIG. 4C illustrates the image 30C (third im age) 

representing a region where a semicircular indentat ion 

exists.  In a case where the semicircular indentati on 

exists in the outer circumferential portion of the wafer 

11, the image 30C which includes an irregularly sha ped 

area 38B corresponding to the semicircular indentat ion is 

acquired by the camera 20.  The image 30C includes a 

contour 40B of the irregularly shaped area 38B that  

corresponds to the edge of the semicircular indenta tion, 

in addition to the arcuate contour 36. 

        FIG. 4D illustrates the image 30D (fourth i mage) 

representing a region where a sectorial indentation  

exists.  In a case where the sectorial indentation exists 

in the outer circumferential portion of the wafer 1 1, the 

image 30D which includes an irregularly shaped area  38C 

corresponding to the sectorial indentation is acqui red by 

the camera 20.  The image 30D includes a contour 40 C of 

the irregularly shaped area 38C that corresponds to  the 
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edge of the sectorial indentation, in addition to t he 

arcuate contour 36. 

        FIG. 4E illustrates the image 30E (fifth im age) 

representing a region where a rectangular indentati on 

exists.  In a case where the rectangular indentatio n 

exists in the outer circumferential portion of the wafer 

11, the image 30E which includes an irregularly sha ped 

area 38D corresponding to the rectangular indentati on is 

acquired by the camera 20.  The image 30E includes a 

contour 40D of the irregularly shaped area 38D that  

corresponds to the edge of the rectangular indentat ion, 

in addition to the arcuate contour 36. 

        When the camera 20 captures a plurality of images 

of the outer circumferential portion of the wafer 1 1, the 

images 30A through 30E of the outer circumferential  

portion of the wafer 11 are generated.  The images 

acquired by the camera 20 are input to the controll er 24 

(see FIG. 2) where the images are stored in the sto rage 

unit or the memories 26.  If it is clear that the n otch 

11c is positioned in a predetermined area at the ti me the 

wafer 11 is placed on the rotary table 4 (see FIG. 2), 

then the camera 20 may capture an image of that are a 

only.  In this case, since it is not necessary for the 

camera 20 to capture images of the entire outer 
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circumferential portion of the wafer 11, the amount  of 

work and time involved in carrying out the image 

capturing step is reduced. 

        Next, a contour data acquiring step (step S 3) for 

acquiring contour data including the coordinates of  the 

contour of the wafer 11 is carried out on the basis  of 

the images 30A through 30E.  In the contour data ac quiring 

step, the controller 24 (see FIG. 2) performs an im age 

processing sequence such as edge detection on each of the 

images 30A through 30E.  The contours 36 and 40A th rough 

40D of the images 30A through 30E are now extracted , and 

the coordinates of the contours 36 and 40A through 40D 

are specified.  The coordinates of the contours 36 and 40A 

through 40D correspond to the coordinates of the co ntour, 

i.e., outer circumferential edge, of the wafer 11.  The 

contour data including the coordinates of the conto ur of 

the wafer 11 are input to the controller 24 where t he 

images are stored in the storage unit 26. 

        Next, a hypothetical circle calculating ste p (step 

S4) for calculating a hypothetical circle that 

approximates the contour of the wafer 11 is perform ed on 

the basis of the coordinates of the contour of the wafer 

11.  In the hypothetical circle calculating step, t he 

contour 36 is approximated by a circle on the basis  of 
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the coordinates of the contour 36 extracted in the 

contour data acquiring step.  The hypothetical circ le 

calculating step is not limited to any particular 

approximating process, but an approximating equatio n for 

approximating the contour 36 may be derived by the least-

squares method, for example.  A circle represented by the 

approximating equation corresponds to the hypotheti cal 

circle that approximates the contour of the wafer 1 1. 

        FIG. 5A illustrates the image 30A where a 

hypothetical circle 42 is displayed, and FIG. 5B 

illustrates the image 30B where the hypothetical ci rcle 

42 is displayed.  When the images 30A and 30B and t he 

hypothetical circle 42 are displayed in overlapping  

relation to each other, the hypothetical circle 42 is 

displayed along the contour 36.  In FIGS. 5A and 5B , the 

hypothetical circle 42 is indicated by the broken l ine.  

The hypothetical circle 42 is calculated with respe ct to 

each of the images 30A through 30E (see FIGS. 4A th rough 

4E).  The hypothetical circle (approximating equati on) 

calculated in the hypothetical circle calculating s tep is 

stored in the storage unit 26 of the controller 24 (see 

FIG. 2). 

        Then, an irregularly shaped area determinin g step 

(step S5) for determining whether an irregularly sh aped 
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area exists in the outer circumferential portion of  the 

wafer 11 or not is carried out.  The irregularly sh aped 

area corresponds to an area of irregular shape in o uter 

circumferential portion of the wafer 11 where the c ontour 

of the wafer 11 deviates from the hypothetical circ le 42 

by a certain distance or more. 

        In the irregularly shaped area determining step, 

the coordinates of the contour of the wafer 11, i.e ., the 

coordinates of the contours 36 and 40A through 40D (see 

FIGS. 4A through 4E), and the hypothetical circle 4 2 are 

read from the storage unit 26 of the controller 24.   Then, 

the controller 24 calculates the distance between t he 

contour of the wafer 11 and the hypothetical circle  42 

along the radial directions of the wafer 11.  The d istance 

corresponds to the deviation between the hypothetic al 

circle 42 that approximates the contour of the wafe r 11 

and the actual contour of the wafer 11. 

        The deviation of the contour is calculated 

successively along the contours 36 and 40A through 40D.  

The controller 24 then determines whether an irregu larly 

shaped area exists in the outer circumferential por tion 

of the wafer 11 or not on the basis of the calculat ed 

deviations.  For example, the storage unit 26 (see FIG. 2) 

of the controller 24 stores a preset reference valu e for 
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deviations, and the controller 24 compares the calc ulated 

deviations successively with the reference value.  If a 

deviation is equal to or larger than the reference value 

or is larger than the reference value, then the 

controller 24 determines that an irregularly shaped  area 

exists in the outer circumferential portion of the wafer 

11.  If a deviation is smaller than the reference v alue or 

is equal to or smaller than the reference value, th en the 

controller 24 determines that an irregularly shaped  area 

does not exist in the outer circumferential portion  of 

the wafer 11.  Specifically, in the region (see FIG . 4A) 

of the outer circumferential portion of the wafer 1 1 

where the notch 11c and indentations do not exist, the 

contour of the wafer 11 and the hypothetical circle  42 

are generally in conformity with each other, with l ittle 

deviation present therebetween.  As a result, the 

controller 24 determines that an irregularly shaped  area 

does not exist in the region.  On the other hand, i n the 

regions (see FIGS. 4B through 4E) of the outer 

circumferential portion of the wafer 11 where the n otch 

11c or an indentation exists, the contours 40A thro ugh 

40D of the wafer 11 do not extend along the hypothe tical 

circle 42, with a large deviation present therebetw een.  

As a result, the controller 24 determines that an 
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irregularly shaped area exists in the region. 

        The controller 24 is not limited to any spe cific 

determining process for determining whether an 

irregularly shaped area exists or not.  For example , the 

controller 24 may automatically set a reference val ue to 

be compared with deviations of the contours of the wafer.  

Specifically, after having successively calculated 

deviations along the contours 36 and 40A through 40 D, the 

controller 24 may set the value of an integral mult iple 

(two times or more) of the central value of calcula ted 

deviations as a reference value.  According to such  a 

process, it is possible to set a reference value 

individually for each wafer 11, taking into account  

variations of the contour shape of the wafer 11. 

        Next, a first notch determining step (step S6) is 

carried out for determining whether an irregularly shaped 

area is the notch 11c or not on the basis of the di stance 

between the hypothetical circle 42 and the tip end of the 

irregularly shaped area in the radial directions of  the 

wafer 11. 

        In the first notch determining step, the co ntroller 

24 (see FIG. 2) calculates a distance D between the  

hypothetical circle 42 and the tip end of the irreg ularly 

shaped area in the radial directions of the wafer 1 1.  
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Specifically, the controller 24 calculates the dist ance D 

in each of the regions determined as the irregularl y 

shaped regions of the outer circumferential portion  of 

the wafer 11 in the irregularly shaped area determi ning 

step, i.e., the irregularly shaped areas 38A throug h 38D 

(see FIGS. 4B through 4E).  The tip end of an irreg ularly 

shaped area corresponds to a spot at a position far thest 

from the hypothetical circle 42 in the radial direc tions 

of the wafer 11, on the edge (each of the contours 40A 

through 40D) of the irregularly shaped area. 

        FIG. 6A illustrates an image representing t he 

distance D (distance D 1) in the irregularly shaped area 

38A in the image 30B, and FIG. 6B illustrates an im age 

representing the distance D (distance D 2) in the 

irregularly shaped area 38B in the image 30C.  The tip end 

of the irregularly shaped area 38A corresponds to a  spot 

on the contour 40A that is closest to the center of  the 

wafer 11.  The tip end of the irregularly shaped ar ea 38B 

corresponds to a spot on the contour 40B that is cl osest 

to the center of the wafer 11. 

        Then, the controller 24 determines whether the 

irregularly shaped area is the notch 11c or not on the 

basis of the calculated distance D.  Specifically, the 

storage unit 26 of the controller 24 (see FIG. 2) s tores 
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in advance a reference value for the distance D 

corresponding to the depth of the notch 11c (see FI G. 1).  

The depth of the notch 11c corresponds to the dista nce 

between the outer end of the notch 11c along the ra dial 

directions of the wafer 11 and the inner end of the  notch 

11c along the radial directions of the wafer 11.  F or 

example, a lower limit value of the depth of the no tch 

11c that can actually be formed in the wafer 11 is stored 

as a reference value in the storage unit 26. 

        The controller 24 compares the calculated d istance 

D with the reference value to determine whether the  

irregularly shaped area is the notch 11c or not.  

Specifically, the irregularly shaped area 38A illus trated 

in FIG. 6A corresponds to the notch 11c, and the di stance 

D1 is equal to or larger than the lower limit value o f the 

depth of the notch 11c.  Therefore, the irregularly  shaped 

area 38A is determined as representing the notch 11 c by 

the controller 24.  On the other hand, the irregula rly 

shaped area 38B illustrated in FIG. 6B corresponds to an 

indentation smaller than the notch 11c, and the dis tance 

D2 is smaller than the lower limit value of the depth  of 

the notch 11c.  Therefore, the irregularly shaped a rea 38B 

is determined as not representing the notch 11c by the 

controller 24. 
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        The controller 24 is not limited to the abo ve 

specific determining process for determining whethe r the 

irregularly shaped area is the notch 11c or not.  F or 

example, a range (upper and lower limit values) of the 

depth of the notch 11c that can actually be formed in the 

wafer 11 may be stored as a reference value in the 

storage unit 26.  Furthermore, a reference value fo r the 

depth of the notch 11c can automatically be set as in the 

irregularly shaped area determining step referred t o 

above.  In this case, the process of presetting a 

reference value and storing the preset reference va lue in 

the storage unit 26 is not necessary. 

        As described above, the first notch determi ning 

step determines whether an irregularly shaped area formed 

in the outer circumferential portion of the wafer 1 1 is 

the notch 11c or not on the basis of the size of th e 

irregularly shaped area.  Therefore, an indentation  that 

is different in size from the notch 11c is prevente d from 

being erroneously determined as the notch 11c, and the 

notch 11c is properly detected. 

        However, if the size of an indentation form ed in 

the outer circumferential portion of the wafer 11 i s 

close to the size of the notch 11c, then the notch 11c 

may not be identified in the first notch determinin g 
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step.  For example, in a case where the irregularly  shaped 

areas 38C and 38D that are equivalent in size to th e 

notch 11c exist in the outer circumferential portio n of 

the wafer 11, as illustrated in FIGS. 4D and 4E, th e 

irregularly shaped areas 38C and 38D are each deter mined 

as the notch 11c, and the notch 11c is not identifi ed. 

        Consequently, if there are a plurality of 

irregularly shaped areas determined as the notch 11 c in 

the first notch determining step, then it is determ ined 

whether each of the irregularly shaped areas is the  notch 

11c or not according to another determining process .  

Specifically, a pointedness calculating step (step S7) 

for calculating the pointedness of an irregularly s haped 

area and a second notch determining step (step S8) for 

determining whether the irregularly shaped area is the 

notch 11c or not on the basis of the pointedness of  the 

irregularly shaped area are carried out. 

        Specifically, the controller 24 performs im age 

processing on the images (the images 30B, 30D, and 30E) 

of the irregularly shaped areas determined as the n otch 

11c in the first notch determining step for thereby  

converting the pointedness of each of the irregular ly 

shaped areas into a numerical value.  For example, the 

controller 24 performs a corner detecting process o n the 
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image of an irregularly shaped area according to a 

Moravec corner detecting method or the like to calc ulate 

a numerical value (corner likelihood) corresponding  to 

the pointedness of the tip end of the irregularly s haped 

area. 

        Next, the controller 24 determines whether the 

irregularly shaped area is the notch 11c or not on the 

basis of the pointedness of the irregularly shaped area.  

Specifically, a reference value for corner likeliho od is 

stored in advance in the storage unit 26 (see FIG. 2) of 

the controller 24.  For example, an upper limit val ue for 

the corner likelihood of the notch 11c that can act ually 

be formed in the wafer 11 is stored as a reference value 

in the storage unit 26.  Then, the controller 24 co mpares 

the calculated corner likelihood with the reference  value 

for thereby determining whether the irregularly sha ped 

area is the notch 11c or not. 

        FIG. 7A illustrates an image representing a  tip end 

portion 44A of the irregularly shaped area 38A in t he 

image 30B, and FIG. 7B illustrates an image represe nting 

a tip end portion 44B of the irregularly shaped are a 38C 

in the image 30D.  As illustrated in FIGS. 7A and 7 B, the 

tip end portion 44A of the irregularly shaped area 38A 

does not include a corner, and the tip end portion 44B of 
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the irregularly shaped area 38C includes a corner.  

Therefore, the irregularly shaped area 38A and the 

irregularly shaped area 38C have different degrees of 

corner likelihood. 

        The irregularly shaped area 38A illustrated  in FIG. 

7A corresponds to the notch 11c, and the corner 

likelihood of the irregularly shaped area 38A is eq ual to 

or smaller than the upper limit value of the corner  

likelihood of the notch 11c.  Consequently, the 

irregularly shaped area 38A is determined as the no tch 

11c by the controller 24.  On the other hand, the 

irregularly shaped area 38C illustrated in FIG. 7B 

corresponds to an indentation sharper than the notc h 11c, 

and the corner likelihood of the irregularly shaped  area 

38C is larger than the upper limit value of the cor ner 

likelihood of the notch 11c.  Consequently, the 

irregularly shaped area 38C is determined as not th e 

notch 11c by the controller 24. 

        The notch 11c is not limited to any specifi c 

determining process.  For example, a range (upper a nd 

lower limit values) of the corner likelihood of the  notch 

11c that can actually be formed in the wafer 11 may  be 

stored as a reference value in the storage unit 26.   

Furthermore, a reference value for the corner likel ihood 
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can automatically be set.  For example, after havin g 

successively calculated degrees of corner likelihoo d of 

areas included as irregularly shaped areas, the 

controller 24 may set the value of an integral mult iple 

(two times or more) of the central value of calcula ted 

degrees of corner likelihood as a reference value f or the 

corner likelihood. 

        As described above, the second notch determ ining 

step determines whether an irregularly shaped area formed 

in the outer circumferential portion of the wafer 1 1 is 

the notch 11c or not on the basis of the pointednes s of 

the irregularly shaped area.  Therefore, an indenta tion 

that is different in pointedness from the notch 11c  is 

prevented from being erroneously determined as the notch 

11c, and the notch 11c is properly detected. 

        However, if the tip end portion of an inden tation 

formed in the outer circumferential portion of the wafer 

11 does not include a corner, then the notch 11c ma y not 

be identified in the second notch determining step.   For 

example, the tip end of the irregularly shaped area  38D 

illustrated in FIG. 4E is flat and does not include  a 

sharp corner.  Therefore, the irregularly shaped ar ea 38D 

tends to be determined as the notch 11c, and the no tch 

11c is less likely to be identified. 
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        Consequently, if there are a plurality of 

irregularly shaped areas determined as the notch 11 c in 

the second notch determining step, then it is deter mined 

whether each of the irregularly shaped areas is the  notch 

11c or not according to another determining process .  

Specifically, a similarity calculating step (step S 9) for 

calculating the similarity between a first image an d a 

second image that are obtained by dividing an image  

including an irregularly shaped area, a third notch  

determining step (step S10) for determining whether  the 

irregularly shaped area is the notch 11c or not on the 

basis of the similarity between the first image and  an 

inverted image of the second image, i.e., an image 

produced by inverting the second image, and a fourt h 

notch determining step (step S11) for determining w hether 

the irregularly shaped area is the notch 11c or not  on 

the basis of the similarity between the first image  and 

the second image are carried out. 

        In the similarity calculating step, an imag e 

including an irregularly shaped area is divided int o a 

first image and a second image by a straight line t hat 

extends radially of the wafer 11 to divide the 

irregularly shaped area into two parts (dividing st ep).  

The division of each of the images 30B and 30E into  a 
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first image and a second image will be described 

hereinafter in detail. 

        FIG. 8A illustrates the image 30B that has been 

divided into a first image 48A and a second image 5 0A by 

a dividing line 46A.  The image 30B is divided into  the 

first image 48A and the second image 50A by the div iding 

line 46A as a straight line that extends radially o f the 

wafer 11 to divide the irregularly shaped area 38A into 

two equal parts.  As a result, the first image 48A 

includes an area 48Aa including an irregularly shap ed 

area 38A 1 corresponding to a portion of the divided 

irregularly shaped area 38A.  Moreover, the second image 

50A includes an area 50Aa including an irregularly shaped 

area 38A 2 corresponding to a portion of the divided 

irregularly shaped area 38A. 

        FIG. 8B illustrates the image 30E that has been 

divided into a first image 48B and a second image 5 0B by 

a dividing line 46B.  The image 30E is divided into  the 

first image 48B and the second image 50B by the div iding 

line 46B as a straight line that extends radially o f the 

wafer 11 to divide the irregularly shaped area 38D into 

two equal parts.  As a result, the first image 48B 

includes an area 48Ba including an irregularly shap ed 

area 38D 1 corresponding to a portion of the divided 
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irregularly shaped area 38D.  Moreover, the second image 

50B includes an area 50Ba including an irregularly shaped 

area 38D 2 corresponding to a portion of the divided 

irregularly shaped area 38D. 

        There is no limitation on how to specify a straight 

line, i.e., a dividing line, that divides an irregu larly 

shaped area into two parts.  For example, one of a 

plurality of straight lines, i.e., candidate lines,  

interconnecting the hypothetical circle 42 (see FIG . 5B, 

etc.) and an edge of the irregularly shaped area ra dially 

of the wafer 11 may be selected as a dividing line.  

        Specifically, of a plurality of candidate l ines, 

the candidate line whose length is largest or the 

candidate line whose moving average value of length  is 

largest is selected as a dividing line.  Alternativ ely, of 

a plurality of candidate lines, the candidate line that 

passes through the midpoint between both ends of th e 

irregularly shaped area, i.e., between a point wher e an 

end of the irregularly shaped area and the hypothet ical 

circle 42 are joined to each other and a point wher e 

another end of the irregularly shaped area and the 

hypothetical circle 42 are joined to each other, ma y be 

selected as a dividing line. 

        Furthermore, a dividing line may be establi shed on 
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the basis of the positions and lengths of candidate  

lines.  Specifically, first, a plurality of points on the 

hypothetical circle 42 that are included in an area  

adjacent to the irregularly shaped area are establi shed 

as reference points.  Next, the product xL of the 

positional coordinates x representing the position of a 

reference point and the length L of the candidate l ine 

passing through the reference point is calculated f or 

each of the reference points.  Then, the sum of the  values 

xL of the respective reference points is divided by  the 

sum of the lengths L of the candidate lines.  In th is 

manner, the positional coordinates x’ of a referenc e 

point weighed by the length of the candidate line a re 

calculated.  The candidate line passing through the  

reference point specified by the positional coordin ates 

x’ is now established as a dividing line.  The posi tion of 

a reference point may be represented by an angle θ based 

on the hypothetical circle 42, rather than the posi tional 

coordinates x.  In this case, an angle θ’ of a reference 

point weighed by the length of the candidate line i s 

calculated.  The candidate line passing through the  

reference point specified by the angle θ’ is established 

as a dividing line. 

        Next, the second image 50A of the image 30B  and the 
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second image 50B of the image 30E are inverted.  

Specifically, the controller 24 performs an image 

processing sequence on the image 30B to invert the second 

image 50A about the dividing line 46A.  Likewise, t he 

controller 24 performs an image processing sequence  on 

the image 30E to invert the second image 50B about the 

dividing line 46B.  In this fashion, an inverted im age of 

the second image 50A and an inverted image of the s econd 

image 50B are generated. 

        FIG. 9A illustrates the image 30B that incl udes the 

first image 48A and the inverted image, denoted by 50A’, 

of the second image 50A.  FIG. 9B illustrates the i mage 

30E that includes the first image 48B and the inver ted 

image, denoted by 50B’, of the second image 50B.  T he 

inverted image 50A’ includes an area 50Aa’ includin g an 

irregularly shaped area 38A 2’ corresponding to the 

irregularly shaped area 38A 2 (see FIG. 8A) prior to being 

inverted.  The inverted image 50B’ includes an area  50Ba’ 

including an irregularly shaped area 38D 2’ corresponding 

to the irregularly shaped area 38D 2 (see FIG. 8B) prior to 

being inverted. 

        Next, the controller 24 calculates a first 

similarity corresponding to the similarity between the 

first image and the inverted image of the second im age 
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(first similarity calculating step).  Specifically,  first, 

the controller 24 compares the first image 48A and the 

inverted image 50A’ of the image 30B with each othe r 

according to an image processing sequence and conve rts 

the similarity between the first image 48A and the 

inverted image 50A’ into a numerical value.  There is no 

limitation on the details of the image processing 

sequence for comparing the first image 48A and the 

inverted image 50A’ with each other.  For example, the 

similarity between the area 48Aa included in the fi rst 

image 48A and the area 50Aa’ included in the invert ed 

image 50A’ is converted into a numerical value acco rding 

to a similarity calculating method that is used for  

template matching or the like.  A specific similari ty 

calculating method may freely be selected from, for  

example, sum of squared difference (SSD), sum of ab solute 

difference (SAD), normalized cross correlation (NCC ), 

etc.  Similarly, the controller 24 compares the fir st 

image 48B and the inverted image 50B’ of the image 30E 

with each other according to an image processing se quence 

and converts the similarity therebetween into a num erical 

value.  As a result, the numerical value representi ng the 

similarity between the first image 48A and the inve rted 

image 50A’ that are included in the image 30B, and the 
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numerical value representing the similarity between  the 

first image 48B and the inverted image 50B’ that ar e 

included in the image 30E are obtained.  The numeri cal 

values representing the similarities correspond to the 

first similarity. 

        Next, the controller 24 calculates a second  

similarity corresponding to the similarity between the 

first image and the second image (second similarity  

calculating step).  Specifically, the controller 24  

compares the first image 48A and the second image 5 0A 

(see FIG. 8A) of the image 30B with each other acco rding 

to an image processing sequence and converts the 

similarity between the first image 48A and the seco nd 

image 50A into a numerical value.  Similarly, the 

controller 24 compares the first image 48B and the second 

image 50B (see FIG. 8B) of the image 30E with each other 

according to an image processing sequence and conve rts 

the similarity therebetween into a numerical value.   As a 

result, the numerical value representing the simila rity 

between the first image 48A and the second image 50 A that 

are included in the image 30B, and the numerical va lue 

representing the similarity between the first image  48B 

and the second image 50B that are included in the i mage 

30E are obtained.  The numerical values representin g the 
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similarities correspond to the second similarity.  There 

is no limitation on the process for comparing the f irst 

image and the second image with each other.  A simi larity 

may be calculated according to a process similar to  the 

process in the first similarity calculating step.  

Specifically, in the image 30B, the similarity betw een 

the area 48Aa included in the first image 48A and t he 

area 50Aa included in the second image 50A is conve rted 

into a numerical value.  Moreover, in the image 30D , the 

similarity between the area 48Ba included in the fi rst 

image 48B and the area 50Ba included in the second image 

50B is converted into a numerical value. 

        Next, the controller 24 determines whether the 

irregularly shaped area is the notch 11c or not on the 

basis of the first similarity (third notch determin ing 

step).  For example, the storage unit 26 of the con troller 

24 stores in advance a preset reference value for t he 

first similarity, and the controller 24 compares th e 

first similarity with the reference value.  Then, t he 

controller 24 determines whether the irregularly sh aped 

area is the notch 11c or not on the basis of the 

relationship between the magnitudes of the first 

similarity and the reference value.  Specifically, if the 

similarity between the first image and the inserted  image 
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is equal to or larger than the reference value or i s 

larger than the reference value, the controller 24 

determines that the irregularly shaped area is the notch 

11c. 

        As illustrated in FIG. 9A, the first image 48A 

includes the area 48Aa representing an arcuate patt ern 

(the irregularly shaped area 38A 1), and the inverted image 

50A’ includes the area 50Aa’ representing an arcuat e 

pattern (the irregularly shaped area 38A 2’).  Those 

arcuate patterns are generally in conformity with e ach 

other and are similar to each other.  Therefore, th e first 

image 48A and the inverted image 50A’ include patte rns 

that are similar to each other, and the similarity 

between the first image 48A and the inverted image 50A’ 

is high. 

        Moreover, as illustrated in FIG. 9B, the fi rst 

image 48B includes the area 48Ba representing a 

rectangular pattern (the irregularly shaped area 38 D1), 

and the inverted image 50B’ includes the area 50Ba’  

representing a rectangular pattern (the irregularly  

shaped area 38D 2’).  Those rectangular patterns are 

generally in conformity with each other and are sim ilar 

to each other.  Therefore, the first image 48B and the 

inverted image 50B’ include patterns that are simil ar to 
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each other, and the similarity between the first im age 

48B and the inverted image 50B’ is high. 

        Therefore, both the similarity between the first 

image 48A and the inverted image 50A’ and the simil arity 

between the first image 48B and the inverted image 50B’ 

are larger than the reference value.  As a result, the 

irregularly shaped area 38A included in the image 3 0B and 

the irregularly shaped area 38D included in the ima ge 30E 

are each determined as the notch 11c. 

        Furthermore, the controller 24 determines w hether 

the irregularly shaped area is the notch 11c or not  on 

the basis of the second similarity (the fourth notc h 

determining step).  For example, the storage unit 2 6 of 

the controller 24 stores in advance a preset refere nce 

value for the second similarity, and the controller  24 

compares the second similarity with the reference v alue.  

Then, the controller 24 determines whether the 

irregularly shaped area is the notch 11c or not on the 

basis of the relationship between the magnitudes of  the 

second similarity and the reference value.  Specifi cally, 

if the similarity between the first image and the s econd 

image is equal to or smaller than the reference val ue or 

is smaller than the reference value, the controller  24 

determines that the irregularly shaped area is the notch 
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11c. 

        As illustrated in FIG. 8A, the first image 48A 

includes the area 48Aa representing an arcuate patt ern 

(the irregularly shaped area 38A 1), and the second image 

50A includes the area 50Aa representing an arcuate 

pattern (the irregularly shaped area 38A 2).  However, 

those arcuate patterns are angularly different from  each 

other by approximately 90°, and are not similar to each 

other.  Therefore, the first image 48A and the seco nd 

image 50A do not include patterns that are similar to 

each other, and the similarity between the first im age 

48A and the second image 50A is low.  On the other hand, 

as illustrated in FIG. 8B, the first image 48B incl udes 

the area 48Ba representing a rectangular pattern (t he 

irregularly shaped area 38D 1), and the second image 50B 

includes the area 50Ba representing a rectangular p attern 

(the irregularly shaped area 38D 2).  Those rectangular 

patterns are generally in conformity with each othe r, and 

are similar to each other.  Therefore, the first im age 48B 

and the second image 50B include patterns that are 

similar to each other, and the similarity between t he 

first image 48B and the second image 50B is high.  

Consequently, the similarity between the first imag e 48A 

and the second image 50A is lower than the referenc e 
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value.  As a result, the irregularly shaped area 38 A 

included in the image 30B is determined as the notc h 11c.  

On the other hand, the similarity between the first  image 

48B and the second image 50B is higher than the ref erence 

value.  As a result, the irregularly shaped area 38 D 

included in the image 30E is determined as not the notch 

11c. 

        As described above, an irregularly shaped a rea that 

is of bilateral symmetry is excluded from the candi dates 

for the notch 11c by the third notch determining st ep, 

and an irregularly shaped area that is rectangular is 

excluded from the candidates for the notch 11c by t he 

fourth notch determining step.  According to the pr esent 

embodiment, since the irregularly shaped area 38D 

included in the image 30E, for example, is of bilat eral 

symmetry, the irregularly shaped area 38D is not ex cluded 

from the candidates for the notch 11c by the third notch 

determining step, but is excluded from the candidat es for 

the notch 11c by the fourth notch determining step.   As a 

consequence, it is found that the irregularly shape d area 

38A (see FIG. 4B) included in the image 30B represe nts 

the notch 11c, and the irregularly shaped areas 38B  

through 38D (see FIGS. 4C through 4E) included in t he 

images 30C through 30E represent indentations other  than 
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the notch 11c. 

        As described above, the notch detecting met hod 

according to the present embodiment determines whet her an 

irregularly shaped area formed in the outer 

circumferential portion of the wafer 11 is the notc h 11c 

or not on the basis of the size or shape of the 

irregularly shaped area.  Accordingly, even if an 

indentation other than the notch 11c is formed in t he 

outer circumferential portion of the wafer 11, the 

indentation is less likely to be erroneously determ ined 

as the notch 11c, and the notch 11c can properly be  

detected. 

        The notch detecting method described above is 

automatically carried out by the controller 24 (see  FIG. 

2).  Specifically, the storage unit 26 of the contr oller 

24 stores a program descriptive of a sequence of 

operation (see steps S2 through S11 in FIG. 3) for 

detecting the notch 11c.  When the wafer 11 is plac ed on 

the rotary table 4 (step S1), the controller 24 rea ds the 

program from the storage unit 26 and executes the p rogram 

to detect the notch 11c.  Thus, the notch 11c can b e 

detected easily and quickly. 

        According to the present embodiment, the fo ur notch 

detecting steps, i.e., the first through fourth not ch 
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detecting steps, are successively carried out.  How ever, 

the number of notch detecting steps may be varied 

appropriately.  Specifically, of the first through fourth 

notch detecting steps, any one, two, or three notch  

detecting steps may be carried out.  Furthermore, i n a 

case where a plurality of notch detecting steps are  

carried out, the notch detecting steps may be carri ed out 

in a freely established order. 

        Structural details, operational details, an d other 

details of the present embodiment may be changed or  

modified appropriately without departing from the s cope 

of the invention. 

        The present invention is not limited to the  details 

of the above described preferred embodiment.  The s cope of 

the invention is defined by the appended claims and  all 

changes and modifications as fall within the equiva lence 

of the scope of the claims are therefore to be embr aced 

by the invention.   
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WHAT IS CLAIMED IS: 

        1.  A notch detecting method for detecting a notch 

defined in an outer circumferential portion of a di sk-

shaped wafer as representing a crystal orientation of the 

wafer, comprising: 

        a placing step of placing the wafer on a ro tary 

table and positioning a portion of the outer 

circumferential portion of the wafer in an image 

capturing area of a camera; 

        an image capturing step of capturing a plur ality of 

images of the wafer with the camera while the rotar y 

table is rotating, thereby acquiring an image of th e 

outer circumferential portion of the wafer; 

        a contour data acquiring step of acquiring contour 

data including coordinates of a contour of the wafe r on a 

basis of the acquired image; 

        a hypothetical circle calculating step of 

calculating a hypothetical circle that approximates  the 

contour of the wafer, on a basis of the coordinates  of 

the contour of the wafer; 

        an irregularly shaped area determining step  of 

determining whether an irregularly shaped area exis ts in 

the outer circumferential portion of the wafer or n ot on 

a basis of a distance between the hypothetical circ le and 
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the contour of the wafer along radial directions of  the 

wafer; and 

        a first notch determining step of determini ng 

whether the irregularly shaped area is a notch or n ot on 

a basis of a distance between the hypothetical circ le and 

a tip end of the irregularly shaped area along the radial 

directions of the wafer. 

        2.  The notch detecting method according to  claim 

1, further comprising: 

        a pointedness calculating step for calculat ing 

pointedness of the irregularly shaped area; and 

        a second notch determining step of determin ing 

whether the irregularly shaped area is a notch or n ot on 

a basis of the pointedness of the irregularly shape d 

area. 

        3.  The notch detecting method according to  claim 

2, further comprising: 

        a dividing step of dividing the image into a first 

image and a second image by a straight line that ex tends 

radially of the wafer to divide the irregularly sha ped 

area into two parts; 

        a first similarity calculating step of calc ulating 

a first similarity corresponding to a similarity be tween 

the first image and an inverted image produced by 
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inverting the second image about the straight line;  

        a second similarity calculating step of cal culating 

a second similarity corresponding to a similarity b etween 

the first image and the second image; 

        a third notch determining step of determini ng 

whether the irregularly shaped area is a notch or n ot on 

a basis of the first similarity; and 

        a fourth notch determining step of determin ing 

whether the irregularly shaped area is a notch or n ot on 

a basis of the second similarity.   


