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WAFER INSPECTING APPARATUS 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a wafer in specting 

apparatus. 

Description of the Related Art 

        It has been customary in the art to capture  an 

image of a surface of a wafer that has been ground by 

grinding stones and inspect the state of the ground  

surface of the wafer on the basis of the captured i mage 

(see JP 2016-049581A and JP 2016-075554A).  There i s also 

a technology for capturing an image of the edge of a 

wafer with an image capturing unit and inspecting t he 

edge of the wafer to ascertain whether or not the e dge 

has chipped on the basis of the captured image. 

        For inspecting the ground surface of a wafe r, an 

image capturing camera having a wide field of visio n, 

i.e., a wide image capturing range, or a macro came ra, is 

used in order to shorten the time required to inspe ct the 

ground surface.  For inspecting the edge of a wafer , on 

the other hand, an image capturing camera having a narrow 

field of vision, i.e., a narrow image capturing ran ge, or 

a micro camera, is used in order to measure the siz e of a 
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chip on the edge of the wafer.  In other words, an image 

in the narrow image capturing range is captured wit h a 

high pixel count for increased measurement accuracy .  Two 

cameras, i.e., a macro camera and a micro camera, a re 

thus used to capture images of both the ground surf ace 

and the edge of a wafer. 

 

SUMMARY OF THE INVENTION 

        In the case where a macro camera and a micr o camera 

are used, these two cameras capture images of diffe rent 

areas, i.e., the surface and the edge of a wafer th at are 

different from each other.  If the cameras are comb ined 

with respective moving means for moving the cameras  to 

the respective areas whose images are to be capture d by 

the cameras, then an inspecting apparatus incorpora ting 

these cameras tends to large in size. 

        It is therefore an object of the present in vention 

to provide a wafer inspecting apparatus that is cap able 

of moving a macro camera and a micro camera to resp ective 

areas of a wafer whose images are to be captured by  the 

cameras, with minimum moving means, for inspecting the 

ground surface and the edge of the wafer on the bas is of 

the captured images. 

        In accordance with an aspect of the present  
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invention, there is provided a wafer inspecting app aratus 

for capturing images of a surface and an outer 

circumference of a wafer and inspecting the surface  and 

the outer circumference of the wafer on the basis o f the 

captured images, including a macro camera for captu ring 

images of the surface of the wafer, a micro camera for 

capturing an image of the outer circumference of th e 

wafer, the micro camera having a narrower image cap turing 

range and a higher magnification ratio than the mac ro 

camera, a holding table having a holding surface fo r 

holding the wafer thereon, an electric motor for ro tating 

the holding table about an axis at the center of th e 

holding surface, an angle recognizer for recognizin g a 

rotational angle of the holding table that is rotat ed by 

the electric motor, a support supporting the macro camera 

and the micro camera thereon, an X-axis moving mech anism 

for moving the support in X-axis directions paralle l to 

the holding surface, and a control unit.  The contr ol unit 

includes a center calculating section for moving th e 

macro camera to a position capable of capturing the  image 

of the outer circumference of the wafer, recognizin g 

coordinates of at least three points on the outer 

circumference of the wafer from the images captured  by 

the macro camera, and calculating center coordinate s of 
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the wafer on the basis of the coordinates of the th ree 

points, and a distance calculating section for acqu iring 

a relation between a center-to-center distance in t he X-

axis directions between center coordinates of the h olding 

surface that are recognized beforehand and the cent er 

coordinates of the wafer calculated by the center 

calculating section, and the rotational angle of th e 

holding table, rotating the holding table, and 

calculating the center-to-center distance depending  on 

the rotational angle of the holding table that is 

recognized by the angle recognizer.  The control un it 

controls the X-axis moving mechanism to move the mi cro 

camera along the X-axis directions on the basis of the 

distance in the X-axis directions between a center of the 

image capturing range of the micro camera and the c enter 

of the holding surface, and the center-to-center di stance 

calculated by the distance calculating section and to 

place the micro camera in an image capturing positi on in 

the X-axis directions for placing the image capturi ng 

range of the micro camera over the outer circumfere nce of 

the wafer.  The control unit controls the micro cam era to 

capture the image of the outer circumference of the  wafer 

and inspect the state of the outer circumference of  the 

wafer on the basis of the captured image. 
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        According to the present invention, even in  the 

case where the center coordinates of the holding su rface 

and the center coordinates of the wafer are displac ed out 

of alignment with each other, allowing the position  in 

the X-axis directions of the outer circumference of  the 

wafer to vary as the holding table rotates, the con trol 

unit can make the image capturing range of the micr o 

camera follow the varying position of the outer 

circumference of the wafer.  Therefore, the image 

capturing range of the micro camera can be determin ed 

with ease even if the center coordinates of the hol ding 

surface and the center coordinates of the wafer are  

displaced out of alignment with each other. 

        Furthermore, images of both the surface of the 

wafer and the outer circumference of the wafer can be 

captured and both the surface of the wafer and the outer 

circumference of the wafer can be inspected simply when 

the macro camera and the micro camera are moved alo ng the 

X-axis directions by the single X-axis moving mecha nism.  

The wafer inspecting apparatus can thus easily be 

rendered compact. 

        The above and other objects, features and 

advantages of the present invention and the manner of 

realizing them will become more apparent, and the 
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invention itself will best be understood from a stu dy of 

the following description and an appended claim wit h 

reference to the attached drawings showing a prefer red 

embodiment of the invention. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

        FIG. 1 is a perspective view, partly in blo ck form, 

of a wafer inspecting apparatus according to an 

embodiment of the present invention; 

        FIG. 2 is a plan view of a wafer placed on a 

holding surface of a holding table of the wafer 

inspecting apparatus; 

        FIG. 3 is a graph illustrating by way of ex ample a 

relation between the rotational angle of the holdin g 

table and a center-to-center distance; and 

        FIG. 4 is a plan view illustrating an image  

capturing range of a micro camera disposed over an outer 

circumference of a wafer. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

        A wafer inspecting apparatus 1 according to  a 

preferred embodiment of the present invention illus trated 

in FIG. 1 is an apparatus for capturing images of a  

surface and an outer circumference of a wafer W and  
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inspecting the surface and the outer circumference of the 

wafer W on the basis of the captured images.  Parti cularly, 

the wafer inspecting apparatus 1 captures images of  a 

ground surface and an outer circumference of the wa fer W 

and inspecting the ground surface and the outer 

circumference of the wafer W on the basis of the ca ptured 

images. 

        As illustrated in FIG. 1, the wafer inspect ing 

apparatus 1 includes a holding table 11 for holding  the 

wafer W thereon, an electric motor 21 for rotating the 

holding table 11, and an encoder 22.  The holding t able 11 

has a holding surface 12 for holding the wafer W th ereon.  

The holding surface 12 includes, for example, a por ous 

ceramic material and is selectively held in fluid 

communication with a suction source, not illustrate d, for 

attracting and holding the wafer W under suction th ereon. 

        The electric motor 21 rotates the holding t able 11 

about a central axis L extending vertically in Z-ax is 

directions through the center of the holding surfac e 12 

of the holding table 11.  The encoder 22 has a func tion to 

recognize rotational angles of the holding table 11  

rotated by the electric motor 21 and exemplifies an  angle 

recognizer. 

        The wafer inspecting apparatus 1 also inclu des a 



8 

macro camera 31, a micro camera 33, a support 41 th at 

supports the macro camera 31 and the micro camera 3 3, and 

an X-axis moving mechanism 51 for moving the suppor t 41 

horizontally in X-axis directions perpendicular to the Z-

axis directions. 

        The support 41 includes a support body 42 a nd a 

first support arm 43 and a second support arm 44 th at 

extend horizontally in Y-axis directions from the s upport 

body 42.  The Y-axis directions extend perpendicula rly to 

the Z-axis directions and the X-axis directions and  

include a –Y direction and a +Y direction.  The fir st 

support arm 43 and the second support arm 44 extend  in 

the +Y direction from a side surface of the support  body 

42 which faces in the +Y direction.  The first supp ort arm 

43 supports the macro camera 31 on its distal end, 

whereas the second support arm 44 supports the micr o 

camera 33 on its distal end. 

        The support body 42 is disposed such that i t has a 

portion positioned in the X-axis moving mechanism 5 1.  The 

X-axis moving mechanism 51 includes a built-in driv e 

mechanism, not illustrated, that moves the support 41 

including the support body 42, together with the ma cro 

camera 31 and the micro camera 33, along the X-axis  

directions.  For example, the X-axis moving mechani sm 51 
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moves the macro camera 31 and the micro camera 33 a long 

the X-axis directions so as to pass over the center  of 

the holding surface 12. 

        The macro camera 31 has a relatively wide f ield of 

vision, i.e., a relatively wide image capturing ran ge, 

and is provided to capture an image of the surface,  i.e., 

the ground surface, of the wafer W held on the hold ing 

table 11.  On the other hand, the micro camera 33 h as a 

relatively narrow field of vision, i.e., a relative ly 

narrow image capturing range, and is provided to ca pture 

an image of the outer circumference, i.e., the edge , of 

the wafer W held on the holding table 11. 

        For example, the image capturing range of t he macro 

camera 31 has a size of 15 µm × 15 µm, whereas the image 

capturing range of the micro camera 33 has a size o f 2 µm 

× 2 µm.  Furthermore, the magnification ratio of th e micro 

camera 33 is higher than the magnification ratio of  the 

macro camera 31. 

        The wafer inspecting apparatus 1 further in cludes a 

control unit 61 for controlling various components of the 

wafer inspecting apparatus 1.  The control unit 61 has a 

center calculating section 62 and a distance calcul ating 

section 63, and controls the various components of the 

wafer inspecting apparatus 1 to enable the wafer 
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inspecting apparatus 1 to inspect the wafer W. 

        Operation of the wafer inspecting apparatus  1 to 

inspect the wafer W under the control of the contro l unit 

61 will be described below.  For inspecting the waf er W, 

an operator or a delivery mechanism, not illustrate d, 

places the wafer W with its ground surface facing 

upwardly on the holding surface 12 of the holding t able 

11.  Thereafter, the control unit 61 brings the hol ding 

surface 12 into fluid communication with the suctio n 

source, causing the holding surface 12 to attract a nd 

hold the wafer W under suction.  FIG. 2 illustrates  by way 

of example the wafer W placed on the holding surfac e 12 

of the holding table 11.  In the example illustrate d in 

FIG. 2, the wafer W placed on the holding surface 1 2 has 

its center C1 displaced out of alignment with the c enter 

C0 of the holding surface 12. 

        Next, the control unit 61 inspects the surf ace of 

the wafer W using the macro camera 31 illustrated i n FIG. 

1.  Specifically, while controlling the X-axis movi ng 

mechanism 51 to scan the macro camera 31 over the w afer W 

along the X-axis directions, the control unit 61 co ntrols 

the macro camera 31 to capture images of the surfac e, 

i.e., the ground surface, of the wafer W and inspec ts 

surface on the basis of the captured images. 
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        Then, the control unit 61 inspects the stat e of the 

outer circumference of the wafer W, e.g., to ascert ain 

whether or not the outer circumference has chipped,  using 

the micro camera 33.  In this inspection step, the center 

calculating section 62 of the control unit 61 first  

calculates the coordinates of the center C1 of the wafer 

W placed on the holding surface 12. 

        Specifically, the center calculating sectio n 62 

first controls the X-axis moving mechanism 51 to mo ve the 

macro camera 31 to a position where the macro camer a 31 

can capture an image of the outer circumference of the 

wafer W.  Then, the center calculating section 62 

recognizes the coordinates of at least three points  on 

outer circumference of the wafer W, i.e., outer 

circumference coordinates, from the image captured by the 

macro camera 31.  Further, the center calculating s ection 

62 calculates the coordinates of the center C1 of t he 

wafer W, i.e., the wafer center coordinates, on the  basis 

of the recognized outer circumference coordinates o f the 

three points. 

        The center calculating section 62 may calcu late the 

wafer center coordinates according to any known ste ps.  

For example, the center calculating section 62 crea tes 

two straight lines interconnecting adjacent two of the 
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three points whose outer circumference coordinates have 

been recognized and determines perpendicular bisect ors of 

the two straight lines.  Then, the center calculati ng 

section 62 calculates the intersection of the two 

perpendicular bisectors as the center of the wafer W. 

        Next, as illustrated in FIG. 2, the distanc e 

calculating section 63 of the control unit 61 deter mines 

a center-to-center distance r as the distance along  the 

X-axis directions between the coordinates of the ce nter 

C0 of the holding surface 12, i.e., the holding sur face 

center coordinates, that have been recognized befor ehand 

and the wafer center coordinates calculated by the center 

calculating section 62. 

        Then, the distance calculating section 63 

determines the relation between the center-to-cente r 

distance r as the distance along the X-axis directi ons 

between the holding surface center coordinates and the 

wafer center coordinates, and the rotational angle of the 

holding table 11 that is recognized by the encoder 22. 

        At this time, for example, the distance cal culating 

section 63 determines the maximum value of the cent er-to-

center distance r.  Then, the distance calculating section 

63 acquires the relation between the rotational ang le of 

the holding table 11 and the center-to-center dista nce r 
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in the case where the rotational angle of the holdi ng 

table 11 is zero at the time the center-to-center 

distance r is of the maximum value. 

        FIG. 3 illustrates by way of example the re lation 

between the rotational angle of the holding table 1 1 and 

the center-to-center distance r.  As illustrated in  FIG. 3, 

the center-to-center distance r varies along a cosi ne 

curve as the rotational angle θ of the holding table 11 

varies.  The center-to-center distance r is of a ne gative 

value when the center C1 of the wafer W at the star t of 

the measurement step is on a side of the center C0 of the 

holding surface 12 in the –X direction. 

        Then, the distance calculating section 63 c ontrols 

the electric motor 21 to rotate the holding table 1 1.  

Further, the distance calculating section 63 acquir es the 

rotational angle of the holding table 11 that is ro tating, 

which is recognized by the encoder 22.  The distanc e 

calculating section 63 calculates the center-to-cen ter 

distance r per each value of the rotational angle o f the 

holding table 11. 

        The control unit 61 recognizes the distance  in the 

X-axis directions between the center C1 of the hold ing 

surface 12 of the rotating holding table 11 and the  

center of the image capturing range of the micro ca mera 
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33.  The control unit 61 can calculate this distanc e on 

the basis of the position of the X-axis moving mech anism 

51, i.e., the position of the micro camera 33, for 

example. 

        The control unit 61 then controls the X-axi s moving 

mechanism 51 to move the micro camera 33 along the X-axis 

directions on the basis of the recognized distance and 

the center-to-center distance r calculated by the 

distance calculating section 63 and to place the mi cro 

camera 33 in an image capturing position depending on the 

rotational angle of the holding table 11.  The imag e 

capturing position refers to the position of the mi cro 

camera 33 in the X-axis directions for placing the image 

capturing range of the micro camera 33 over the out er 

circumference of the wafer W. 

        For example, the control unit 61 acquires a n image 

capturing position of the micro camera 33 in the X- axis 

directions for placing the image capturing range of  the 

micro camera 33 over the outer circumference of the  wafer 

W on the basis of the calculated center-to-center 

distance r and the radius of the wafer W.  Further,  the 

control unit 61 calculates a distance that the micr o 

camera 33 is to move for placing the micro camera 3 3 in 

the calculated image capturing position on the basi s of 
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the distance in the X-axis directions between the c enter 

C1 of the holding surface 12 and the center of the image 

capturing range of the micro camera 33.  The contro l unit 

61 controls the X-axis moving mechanism 51 to move the 

micro camera 33 by the calculated distance in the X -axis 

directions. 

        In this manner, as illustrated in FIG. 4, t he image 

capturing range of the micro camera 33, denoted by MA, is 

placed over the outer circumference of the wafer W.   The 

control unit 61 controls the micro camera 33 to cap ture 

an image of the outer circumference of the wafer W and 

inspects the state of the outer circumference of th e 

wafer W on the basis of the captured image. 

        According to the present embodiment, as des cribed 

above, the distance calculating section 63 of the c ontrol 

unit 61 calculates the center-to-center distance r in the 

X-axis directions depending on the rotational angle  of 

the rotating holding table 11.  Then, the control u nit 61 

places the micro camera 33 in an appropriate image 

capturing position therefor for capturing an image of the 

outer circumference of the wafer W on the basis of the 

calculated center-to-center distance r and the dist ance 

in the X-axis directions between the center C1 of t he 

holding surface 12 and the center of the image capt uring 
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range of the micro camera 33. 

        According to the present embodiment, in the  case 

where the holding surface center coordinates and th e 

wafer center coordinates are displaced out of align ment 

with each other, allowing the position in the X-axi s 

directions of the outer circumference of the wafer W to 

vary as the holding table 11 rotates, the control u nit 61 

can make the image capturing range of the micro cam era 33 

follow the varying position in the X-axis direction s of 

the outer circumference of the wafer W. 

        According to the present embodiment, conseq uently, 

even in the case where the holding surface center 

coordinates and the wafer center coordinates are 

displaced out of alignment with each other, it is e asy 

for the micro camera 33 to capture an image of the outer 

circumference of the wafer W. 

        In addition, simply when the macro camera 3 1 and 

the micro camera 33 are moved along the X-axis dire ctions 

by the single X-axis moving mechanism 51, images of  the 

surface of the wafer W can be captured and the surf ace of 

the wafer W can be inspected, and an image of the o uter 

circumference of the wafer W can be captured and th e 

outer circumference of the wafer W can be inspected . 

        According to the present embodiment, the wa fer 
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inspecting apparatus 1 captures images of the groun d 

surface of the wafer W that has been ground and the  outer 

circumference of the wafer W, and inspects the grou nd 

surface and the outer circumference of the wafer W on the 

basis of the captured images.  However, the present  

invention is not limited to such details.  The wafe r 

inspecting apparatus 1 can also capture images of t he 

polished surface of the wafer W that has been polis hed 

and the outer circumference of the wafer W, and ins pects 

the polished surface and the outer circumference of  the 

wafer W on the basis of the captured images. 

        Furthermore, the wafer inspecting apparatus  1 may 

be incorporated in a grounding apparatus or a polis hing 

apparatus, and may capture images of a wafer W that  has 

been ground or polished and inspect the wafer W on the 

basis of the captured images.  In such a case, the 

grounding apparatus or the polishing apparatus may have a 

plurality of cassettes for housing processed wafers  W, 

and the cassettes for housing the processed wafers W may 

be classified into different groups depending on th e 

result of inspection by the wafer inspecting appara tus 1. 

        Alternatively, the wafer inspecting apparat us 1 may 

be incorporated in a cutting apparatus for cutting a 

wafer W.  In such a case, the wafer inspecting appa ratus 1 
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may be used for performing a kerf check on the wafe r W 

that has been cut. 

        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 claim and all 

changes and modifications as fall within the equiva lence 

of the scope of the claim are therefore to be embra ced by 

the invention. 
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WHAT IS CLAIMED IS: 

        1.  A wafer inspecting apparatus for captur ing 

images of a surface and an outer circumference of a  wafer 

and inspecting the surface and the outer circumfere nce of 

the wafer on the basis of the captured images, 

comprising: 

        a macro camera for capturing images of the surface 

of the wafer; 

        a micro camera for capturing an image of th e outer 

circumference of the wafer, the micro camera having  a 

narrower image capturing range and a higher magnifi cation 

ratio than the macro camera; 

        a holding table having a holding surface fo r 

holding the wafer thereon; 

        an electric motor for rotating the holding table 

about an axis at a center of the holding surface; 

        an angle recognizer for recognizing a rotat ional 

angle of the holding table that is rotated by the 

electric motor; 

        a support supporting the macro camera and t he micro 

camera thereon; 

        an X-axis moving mechanism for moving the s upport 

in X-axis directions parallel to the holding surfac e; and 

        a control unit, 
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        wherein the control unit includes: 

                a center calculating section for mo ving the 

macro camera to a position capable of capturing the  image 

of the outer circumference of the wafer, recognizin g 

coordinates of at least three points on the outer 

circumference of the wafer from the images captured  by 

the macro camera, and calculating center coordinate s of 

the wafer on the basis of the coordinates of the th ree 

points, and 

                a distance calculating section for acquiring 

a relation between a center-to-center distance in t he X-

axis directions between center coordinates of the h olding 

surface that are recognized beforehand and the cent er 

coordinates of the wafer calculated by the center 

calculating section, and the rotational angle of th e 

holding table, rotating the holding table, and 

calculating the center-to-center distance depending  on 

the rotational angle of the holding table that is 

recognized by the angle recognizer, wherein 

        the control unit controls the X-axis moving  

mechanism to move the micro camera along the X-axis  

directions on the basis of the distance in the X-ax is 

directions between a center of the image capturing range 

of the micro camera and the center of the holding s urface, 
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and the center-to-center distance calculated by the  

distance calculating section and to place the micro  

camera in an image capturing position in the X-axis  

directions for placing the image capturing range of  the 

micro camera over the outer circumference of the wa fer, 

and 

        the control unit controls the micro camera to 

capture the image of the outer circumference of the  wafer 

and inspect a state of the outer circumference of t he 

wafer on the basis of the captured image. 

  


