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PROCESSING APPARATUS 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a processi ng 

apparatus that processes a back surface side of a 

workpiece on which a predetermined pattern is forme d on a 

front surface side.  The processing apparatus proce sses 

the back surface side of the workpiece in a state i n 

which the front surface side of the workpiece is he ld. 

Description of the Related Art 

        Semiconductor device chips used for pieces of 

electrical equipment such as mobile phones and pers onal 

computers are manufactured by processing a wafer 

(workpiece) that is formed of a semiconductor mater ial 

such as silicon and has a circular disc shape, for 

example.  Plural planned dividing lines are set on the 

front surface side of the workpiece and a device su ch as 

an integrated circuit (IC), large scale integration  

(LSI), or micro electro mechanical systems (MEMS) i s 

formed in each of regions marked out by the plural 

planned dividing lines.  To manufacture the device chips 

from the workpiece, for example, the workpiece is t hinned 

to a predetermined thickness by grinding the back s urface 
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side of the workpiece.  Thereafter, the workpiece i s cut 

along each planned dividing line to divide the work piece 

in units of device.  Thus, the device chips are 

manufactured. 

        In a cutting step of cutting the workpiece,  a 

cutting apparatus including a cutting unit in which  a 

cutting blade is mounted on one end of a spindle an d a 

chuck table that sucks and holds the workpiece is u sed.  

In a normal cutting step, first, the front surface side 

of the workpiece is set upward and the back surface  side 

of the workpiece is sucked and held by the chuck ta ble.  

After the back surface side is held, alignment is 

executed by imaging the front surface side of the 

workpiece by a first camera disposed over the chuck  

table.  The first camera has an imaging element suc h as a 

charge-coupled device (CCD) image sensor or a 

complementary metal-oxide-semiconductor (CMOS) imag e 

sensor for imaging a subject by visible light. 

        Alignment of position correction and so for th of 

the workpiece is executed based on a result of imag ing of 

the front surface side of the workpiece on which an  

alignment mark or the like is formed by the first c amera.  

After the alignment, the workpiece is cut along eac h 

planned dividing line by the cutting blade.  Howeve r, in 
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recent years, in association with diversification o f 

devices, there have been cases in which a workpiece  is 

cut from the back surface side of the workpiece (fo r 

example, refer to Japanese Patent Laid-Open No. 200 6-

140341).  In this case, the front surface side of t he 

workpiece is disposed downward and is held by a chu ck 

table.  Therefore, it is impossible to image an ali gnment 

mark or the like when the back surface side of the 

workpiece is imaged by the first camera disposed ov er the 

chuck table. 

        Thus, a cutting apparatus including a chuck  table 

formed of a material that is transparent to visible  light 

and a second camera for visible light disposed unde r the 

chuck table has been developed (for example, refer to 

Japanese Patent Laid-Open No. 2010-87141).  When th e 

second camera is used, the front surface side of th e 

workpiece can be imaged from the lower side of the chuck 

table in the state in which the front surface side of the 

workpiece is held by the chuck table.  Therefore, t he 

front surface side of the workpiece can be observed  even 

in the case in which the back surface side of the 

workpiece is set upward and the front surface side of the 

workpiece is held by the chuck table. 
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SUMMARY OF THE INVENTION 

        However, when an image of the front surface  side 

acquired by the second camera and an image of the b ack 

surface side acquired by the first camera are displ ayed 

on a display device, such as a liquid crystal displ ay, as 

they are, the image of the front surface side is 

displayed in the state of being inverted in the lef t-

right direction or the upward-downward direction co mpared 

with the image of the back surface side.  As a resu lt, for 

example, the left direction in the image of the fro nt 

surface side corresponds to the right direction in the 

image of the back surface side.  Therefore, it is n ot easy 

for an operator to recognize the correspondence rel ation 

between the front surface side and the back surface  side.  

This imposes a burden on the operator.  The present  

invention is made in view of such a problem and int ends 

to provide a processing apparatus that can reduce t he 

burden on an operator when an image obtained by ima ging a 

workpiece from the lower side of a chuck table is 

displayed on a display device and the operator exec utes 

operation while viewing this displayed image. 

        In accordance with an aspect of the present  

invention, there is provided a processing apparatus  

including a chuck table that includes one surface a nd the 
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other surface located on an opposite side of the on e 

surface and includes a plate-shaped holding compone nt 

having a predetermined region formed of a transpare nt 

material from the one surface to the other surface,  and a 

processing unit that processes a workpiece having a  

predetermined pattern on a front surface side in a state 

in which the front surface side of the workpiece is  held 

by the one surface of the chuck table and a back su rface 

side of the workpiece is exposed upward.  The proce ssing 

apparatus also includes a first imaging unit that h as a 

first imaging element and that is disposed over the  chuck 

table and acquires a normal image of the back surfa ce 

side, and a second imaging unit that has a second i maging 

element and that is disposed under the chuck table and 

acquires a normal image of the front surface side i n a 

region corresponding to a region imaged by the firs t 

imaging unit in a thickness direction of the workpi ece.  

The processing apparatus also includes a display de vice 

that displays at least one of an image of the back 

surface side acquired by the first imaging unit and  an 

image of the front surface side acquired by the sec ond 

imaging unit, and a control part that has a storing  

device in which a program to execute image processi ng is 

stored and a processor that processes an image in 
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accordance with the program, the control part execu ting 

the image processing of either the normal image of the 

back surface side or the normal image of the front 

surface side to cause the normal image subjected to  the 

image processing to be displayed on the display dev ice in 

a state of being inverted in a predetermined direct ion in 

order to allow orientation of the normal image of t he 

back surface side to correspond with orientation of  the 

normal image of the front surface side. 

        In accordance with another aspect of the pr esent 

invention, there is provided a processing apparatus  

including a chuck table that includes one surface a nd the 

other surface located on an opposite side of the on e 

surface and includes a plate-shaped holding compone nt 

having a predetermined region formed of a transpare nt 

material from the one surface to the other surface,  and a 

processing unit that processes a workpiece having a  

predetermined pattern on a front surface side in a state 

in which the front surface side of the workpiece is  held 

by the one surface of the chuck table and a back su rface 

side of the workpiece is exposed upward.  The proce ssing 

apparatus also includes a first imaging unit that h as a 

first imaging element and that is disposed over the  chuck 

table and acquires a normal image of the back surfa ce 
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side, a third imaging unit that has a third imaging  

element and that is disposed under the chuck table and 

acquires a mirror image of the front surface side i n a 

region corresponding to a region imaged by the firs t 

imaging unit in a thickness direction of the workpi ece, 

and a display device that displays at least one of an 

image of the back surface side acquired by the firs t 

imaging unit and an image of the front surface side  

acquired by the third imaging unit. 

        The processing apparatus may further includ e a 

control part having a storing device in which a pro gram 

to execute image processing is stored and a process or 

that processes an image in accordance with the prog ram.  

The control part executes the image processing of b oth 

the normal image of the back surface side and the m irror 

image of the front surface side to cause the normal  and 

mirror images subjected to the image processing to be 

displayed on the display device in a state of being  

inverted in a predetermined direction in order to a llow 

orientation of the normal image of the back surface  side 

to correspond with orientation of the mirror image of the 

front surface side. 

        In accordance with another aspect of the pr esent 

invention, there is provided a processing apparatus  
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including a chuck table that includes one surface a nd the 

other surface located on an opposite side of the on e 

surface and includes a plate-shaped holding compone nt 

having a predetermined region formed of a transpare nt 

material from the one surface to the other surface,  and a 

processing unit that processes a workpiece having a  

predetermined pattern on a front surface side in a state 

in which the front surface side of the workpiece is  held 

by the one surface of the chuck table and a back su rface 

side of the workpiece is exposed upward.  The proce ssing 

apparatus also includes a fourth imaging unit that has a 

fourth imaging element and that is disposed over th e 

chuck table and acquires a mirror image of the back  

surface side, a second imaging unit that has a seco nd 

imaging element and that is disposed under the chuc k 

table and acquires a normal image of the front surf ace 

side in a region corresponding to a region imaged b y the 

fourth imaging unit in a thickness direction of the  

workpiece, and a display device that displays at le ast 

one of an image of the back surface side acquired b y the 

fourth imaging unit and an image of the front surfa ce 

side acquired by the second imaging unit. 

        The processing apparatus may further includ e a 

control part having a storing device in which a pro gram 
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to execute image processing is stored and a process or 

that processes an image in accordance with the prog ram.  

The control part executes the image processing of b oth 

the mirror image of the back surface side and the n ormal 

image of the front surface side to cause the mirror  and 

normal images subjected to the image processing to be 

displayed on the display device in a state of being  

inverted in a predetermined direction in order to a llow 

orientation of the mirror image of the back surface  side 

to correspond with orientation of the normal image of the 

front surface side. 

        In accordance with another aspect of the pr esent 

invention, there is provided a processing apparatus  

including a chuck table that includes one surface a nd the 

other surface located on an opposite side of the on e 

surface and includes a plate-shaped holding compone nt 

having a predetermined region formed of a transpare nt 

material from the one surface to the other surface,  and a 

processing unit that processes a workpiece having a  

predetermined pattern on a front surface side in a state 

in which the front surface side of the workpiece is  held 

by the one surface of the chuck table and a back su rface 

side of the workpiece is exposed upward.  The proce ssing 

apparatus also includes a fourth imaging unit that has a 
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fourth imaging element and that is disposed over th e 

chuck table and acquires a mirror image of the back  

surface side, and a third imaging unit that has a t hird 

imaging element and that is disposed under the chuc k 

table and acquires a mirror image of the front surf ace 

side in a region corresponding to a region imaged b y the 

fourth imaging unit in a thickness direction of the  

workpiece.  The processing apparatus also includes a 

display device that displays at least one of an ima ge of 

the back surface side acquired by the fourth imagin g unit 

and an image of the front surface side acquired by the 

third imaging unit, and a control part that has a s toring 

device in which a program to execute image processi ng is 

stored and a processor that processes an image in 

accordance with the program, the control part execu ting 

the image processing of either the mirror image of the 

back surface side or the mirror image of the front 

surface side to cause the mirror image subjected to  the 

image processing to be displayed on the display dev ice in 

a state of being inverted in a predetermined direct ion in 

order to allow orientation of the mirror image of t he 

back surface side to correspond with orientation of  the 

mirror image of the front surface side. 

        The image of the front surface side may be 
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displayed on the display device together with the i mage 

of the back surface side. 

        Further, the processing unit may be a cutti ng unit 

having a spindle where a cutting blade is configure d to 

be mounted on one end of the spindle, or a laser 

irradiation unit having a laser oscillator that gen erates 

a laser beam and a collecting lens that collects th e 

laser beam emitted from the laser oscillator. 

        The chuck table of the processing apparatus  

according to the one aspect of the present inventio n has 

the predetermined region formed of the transparent 

material from the one surface to the other surface.   Over 

the chuck table, the first imaging unit that acquir es a 

normal image of the back surface side is disposed.  

Further, under the chuck table, the second imaging unit 

that acquires a normal image of the front surface s ide in 

the region corresponding to the region imaged by th e 

first imaging unit in the thickness direction of th e 

workpiece is disposed.  The processing apparatus fu rther 

includes the display device and the control part.  The 

display device displays at least one of an image of  the 

back surface side acquired by the first imaging uni t and 

an image of the front surface side acquired by the second 

imaging unit.  The control part executes the image 
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processing of either the normal image of the back s urface 

side or the normal image of the front surface side to 

cause the normal image subjected to the image proce ssing 

to be displayed on the display device in the state of 

being inverted in the predetermined direction in or der to 

allow the orientation of the normal image of the ba ck 

surface side to correspond with the orientation of the 

normal image of the front surface side.  Due to thi s, it 

becomes easy for the operator to recognize the 

correspondence relation between the front surface s ide 

and the back surface side.  Therefore, the burden o n the 

operator is reduced. 

        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 some pre ferred 

embodiments of the invention. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

        FIG. 1 is a perspective view of a cutting 

apparatus; 

        FIG. 2 is a perspective view of a workpiece  unit; 
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        FIG. 3 is a perspective view of a chuck tab le and 

so forth; 

        FIG. 4 is a partial sectional side view of the 

chuck table and so forth; 

        FIG. 5 is an enlarged view of a region A in  FIG. 4; 

        FIG. 6 is an enlarged perspective view of a  Z-axis 

movement mechanism and so forth; 

        FIG. 7A is one example of an image of the f ront 

surface side; 

        FIG. 7B is one example of an image of the f ront 

surface side inverted in a predetermined direction;  

        FIG. 8A is one example of a display method of an 

image of the front surface side and an image of the  back 

surface side; 

        FIG. 8B is another example of the display m ethod of 

the image of the front surface side and the image o f the 

back surface side; 

        FIG. 9 is a diagram illustrating a cutting step; 

        FIG. 10 is a diagram illustrating a kerf ch eck 

step; 

        FIG. 11 is a diagram illustrating a lower-s ide 

imaging unit and so forth according to a first 

modification example; 

        FIG. 12 is a diagram illustrating an upper- side 
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imaging unit and so forth according to a second 

modification example; 

        FIG. 13 is a diagram illustrating the lower -side 

imaging unit, the upper-side imaging unit, and so f orth 

according to a third modification example; and 

        FIG. 14 is a perspective view of a laser pr ocessing 

apparatus. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

        Embodiments according to an aspect of the p resent 

invention will be described with reference to the 

accompanying drawings.  FIG. 1 is a perspective vie w of a 

cutting apparatus 2 according to a first embodiment .  In 

FIG. 1, some of the constituents are illustrated as  a 

functional block diagram.  Further, an X-axis direc tion 

(processing feed direction), a Y-axis direction (in dexing 

feed direction), and a Z-axis direction (vertical 

direction, cutting-in feed direction) that are used  for 

the following explanation are perpendicular to each  

other.  The cutting apparatus (processing apparatus ) 2 

includes a base 4 that supports the respective 

constituents.  An opening 4a is formed at a corner part on 

the front side (+Y direction) of the base 4, and a 

cassette elevator (not illustrated) is disposed in the 
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opening 4a.  A cassette 6 for housing plural workpi eces 11 

(see FIG. 2) is placed on the upper surface of the 

cassette elevator. 

        The workpiece 11 is a wafer that is compose d of a 

semiconductor material such as silicon and has a ci rcular 

disc shape, for example.  However, there is no limi tation 

on the material, shape, structure, size, and so for th of 

the workpiece 11.  For example, it is also possible  to use 

a substrate or the like composed of a material such  as 

another semiconductor, ceramic, resin, or metal as the 

workpiece 11.  As illustrated in FIG. 2, the side o f a 

front surface 11a of the workpiece 11 is segmented into 

plural regions by plural planned dividing lines (st reets) 

13 that intersect each other.  In each region on th e side 

of the front surface 11a, a device 15 such as an IC , an 

alignment mark (mark 98 in FIG. 7A), and so forth a re 

formed.  However, there is no limitation on the kin d, 

quantity, shape, structure, size, arrangement, and so 

forth of the devices 15.  The devices 15 do not hav e to be 

formed on the workpiece 11. 

        A tape (dicing tape) 17 larger in diameter than the 

workpiece 11 is stuck to the side of the front surf ace 

11a of the workpiece 11.  The tape 17 is formed of a 

transparent material through which visible light is  



16 

transmitted.  The tape 17 has a layer-stacking stru cture 

with a base layer and an adhesive layer (glue layer ), for 

example.  The base layer is formed of polyolefin (P O) or 

the like, for example.  The adhesive layer is forme d of an 

adhesive resin such as an ultraviolet (UV)-curable 

acrylic resin, for example.  The adhesive layer sid e of 

the tape 17 is stuck to the side of the front surfa ce 11a 

of the workpiece 11. 

        An annular frame 19 formed of a metal is fi xed to 

the peripheral part of the tape 17.  As above, the 

workpiece 11 is housed in the cassette 6 in the sta te in 

which a workpiece unit 21 is supported by the frame  19 

through the tape 17.  FIG. 2 is a perspective view of the 

workpiece unit 21.  As illustrated in FIG. 1, an op ening 

4b that is long in the X-axis direction is formed o n the 

rear side (−Y direction) of the opening 4a.  A chuc k table 

10 with a circular disc shape is disposed in the op ening 

4b.  A circular annular frame suction plate (not 

illustrated) in which suction ports are discretely formed 

along the circumferential direction is disposed at the 

peripheral part of the chuck table 10. 

        Here, the chuck table 10 and so forth will be 

described in more detail with reference to FIG. 3 t o FIG. 

5.  FIG. 3 is a perspective view of the chuck table  10 and 
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so forth.  FIG. 4 is a partial sectional side view of the 

chuck table 10 and so forth.  In FIG. 4, hatching i s 

omitted for convenience.  FIG. 5 is an enlarged vie w of a 

region A in FIG. 4.  In FIG. 5, some of the constit uents 

are illustrated as a functional block diagram.  The  chuck 

table 10 has a holding component 12 with a circular  disc 

shape (plate shape).  The holding component 12 incl udes 

substantially flat one surface 12a and the other su rface 

12b (see FIG. 5) located on the opposite side of th e one 

surface 12a.  The holding component 12 is formed of  a 

transparent material through which visible light is  

transmitted, such as soda glass, borosilicate glass , or 

quartz glass. 

        Plural flow paths are formed inside the hol ding 

component 12.  Inside the holding component 12 of t he 

present embodiment, a first suction path 12c 1 with a 

straight line shape is formed in such a manner as t o 

traverse the center axis of the circular disc when the 

holding component 12 is viewed from the Z-axis dire ction.  

Further, a second suction path 12c 2 with a straight line 

shape is formed in such a manner as to be orthogona l to 

the first suction path 12c 1 in the XY-plane direction.  

The first suction path 12c 1 and the second suction path 

12c 2 intersect at an intersection 12c 3 located at the 
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center axis of the circular disc and connect to eac h 

other.  At the peripheral part of the one surface 1 2a, 

plural opening parts 12d are formed separately from  each 

other in the circumferential direction.  Each openi ng part 

12d is formed from the one surface 12a to a predete rmined 

depth that does not reach the other surface 12b. 

        The opening part 12d is formed at each of b oth end 

parts of the first suction path 12c 1 and both end parts of 

the second suction path 12c 2.  The respective opening 

parts 12d are connected in the circumferential dire ction 

by a peripheral suction path 12e formed at a 

predetermined depth at the peripheral part of the h olding 

component 12.  A suction path 12f that extends in t he 

radial direction is formed on the peripheral side o f the 

opening part 12d, and a suction source 14 such as a n 

ejector is connected to the suction path 12f (see F IG. 

5).  When the suction source 14 is operated to gene rate a 

negative pressure, the negative pressure is generat ed at 

the opening parts 12d.  Therefore, the one surface 12a 

functions as a holding surface that sucks and holds  the 

workpiece unit 21 (workpiece 11). 

        Incidentally, part of incident light is sca ttered 

or reflected at the flow paths of the holding compo nent 

12, such as the first suction path 12c 1, the second 
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suction path 12c 2, the opening parts 12d, the peripheral 

suction path 12e, and the suction path 12f.  Theref ore, 

when being viewed from the one surface 12a or the o ther 

surface 12b, the flow paths of the holding componen t 12 

are not completely transparent to visible light and  have 

translucency in some cases and are opaque in other cases.  

However, predetermined regions excluding the flow p aths 

in the holding component 12 are transparent from th e one 

surface 12a to the other surface 12b.  Specifically , 

regions that arise from dividing into quarters by t he 

first suction path 12c 1 and the second suction path 12c 2 

and are located inside relative to the peripheral s uction 

path 12e in the radial direction of the holding com ponent 

12 are transparent from the one surface 12a to the other 

surface 12b. 

        A circular cylindrical frame body 16 formed  of a 

metal material such as stainless steel is disposed at the 

periphery of the holding component 12.  An opening part 

16a is formed at the upper part of the frame body 1 6 (see 

FIG. 5), and the holding component 12 is disposed t o 

close the opening part 16a.  As illustrated in FIG.  3 and 

FIG. 4, the frame body 16 is supported by an X-axis  

moving table 18.  The X-axis moving table 18 includ es a 

bottom plate 18a having a rectangular shape as view ed 
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from the Z-axis direction.  The lower end of a side  plate 

18b having a rectangular shape as viewed from the Y -axis 

direction is connected to one end of the bottom pla te 18a 

on the front side (+Y direction). 

        One end on the front side in a top plate 18 c having 

the same rectangular shape as the bottom plate 18a as 

viewed from the Z-axis direction is connected to th e 

upper end of the side plate 18b.  A space 18d in wh ich one 

end on the rear side (−Y direction) and both ends i n the 

X-axis direction are opened is formed between the b ottom 

plate 18a and the top plate 18c.  On the lower side  (−Z 

direction) of the bottom plate 18a, a pair of X-axi s 

guide rails 20 substantially parallel to the X-axis  

direction are disposed in such a manner that the bo ttom 

plate 18a is slidable thereon.  The pair of X-axis guide 

rails 20 are fixed to the upper surface of a statio nary 

base (not illustrated). 

        An X-axis linear scale 20a used in detectio n of the 

position of the X-axis moving table 18 in the X-axi s 

direction is disposed at a position adjacent to the  X-

axis guide rail 20.  Further, a reading head (not 

illustrated) is disposed on the lower surface side of the 

X-axis moving table 18.  At the time of movement of  the X-

axis moving table 18, the position (coordinate) of the X-
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axis moving table 18 in the X-axis direction and th e 

amount of movement thereof in the X-axis direction are 

calculated by detecting a scale of the X-axis linea r 

scale 20a by the reading head. 

        A nut part (not illustrated) is disposed on  the 

lower surface side of the bottom plate 18a of the X -axis 

moving table 18, and an X-axis ball screw 22 

substantially parallel to the X-axis guide rails 20  is 

rotatably joined to this nut part.  An X-axis pulse  motor 

24 is joined to one end part of the X-axis ball scr ew 22.  

When the X-axis ball screw 22 is rotated by the X-a xis 

pulse motor 24, the X-axis moving table 18 moves in  the 

X-axis direction along the X-axis guide rails 20.  The X-

axis guide rails 20, the X-axis ball screw 22, the X-axis 

pulse motor 24, and so forth configure an X-axis mo vement 

mechanism 26 that moves the X-axis moving table 18.  

        On the upper surface side of the top plate 18c of 

the X-axis moving table 18, the frame body 16 is 

supported by the top plate 18c rotatably around a 

rotation axis substantially parallel to the Z-axis 

direction.  The frame body 16 includes a pulley par t 16b 

that is a circular cylindrical side surface.  The p ulley 

part 16b is located on the upper side relative to t he top 

plate 18c when the frame body 16 is supported by th e X-
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axis moving table 18.  A rotational drive source 30  such 

as a motor is disposed on the side plate 18b of the  X-

axis moving table 18.  A pulley 30a is disposed at the 

rotation axis of the rotational drive source 30.  O ne 

rotational endless belt (belt 28) is stretched arou nd the 

pulley 30a and the pulley part 16b. 

        When the rotational drive source 30 is oper ated to 

rotate the pulley 30a, the frame body 16 rotates ar ound 

the rotation axis substantially parallel to the Z-a xis 

direction by a force transmitted through the belt 2 8.  By 

controlling the rotation of the pulley 30a, the chu ck 

table 10 can be rotated by any angle around the rot ation 

axis.  A Y-axis movement mechanism 32 is disposed o n an 

extended line of the X-axis movement mechanism 26 i n the 

X-axis direction.  The Y-axis movement mechanism 32  

includes a pair of Y-axis guide rails 34 substantia lly 

parallel to the Y-axis direction.  The pair of Y-ax is 

guide rails 34 are fixed to the upper surface of th e 

stationary base (not illustrated). 

        A Y-axis moving table 36 is slidably attach ed onto 

the Y-axis guide rails 34.  A nut part (not illustr ated) 

is disposed on the lower surface side of the Y-axis  

moving table 36, and a Y-axis ball screw 38 substan tially 

parallel to the Y-axis guide rails 34 is rotatably joined 
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to this nut part.  A Y-axis pulse motor 40 is joine d to 

one end part of the Y-axis ball screw 38.  When the  Y-axis 

ball screw 38 is rotated by the Y-axis pulse motor 40, 

the Y-axis moving table 36 moves in the Y-axis dire ction 

along the Y-axis guide rails 34. 

        A Y-axis linear scale (not illustrated) use d in 

detection of the position of the Y-axis moving tabl e 36 

in the Y-axis direction is disposed at a position 

adjacent to the Y-axis guide rail 34.  Further, a r eading 

head (not illustrated) is disposed on the lower sur face 

side of the Y-axis moving table 36.  At the time of  

movement of the Y-axis moving table 36, the positio n 

(coordinate) of the Y-axis moving table 36 in the Y -axis 

direction and the amount of movement thereof in the  Y-

axis direction are calculated by detecting a scale of the 

Y-axis linear scale by the reading head. 

        A Z-axis movement mechanism 42 is disposed on the 

upper surface of the Y-axis moving table 36.  FIG. 6 is an 

enlarged perspective view of the Z-axis movement 

mechanism 42 and so forth.  The Z-axis movement mec hanism 

42 has a support structure 42a fixed to the upper s urface 

of the Y-axis moving table 36.  A pair of Z-axis gu ide 

rails 44 substantially parallel to the Z-axis direc tion 

are fixed to the side surface of the support struct ure 
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42a on the side of the X-axis moving table 18.  A Z -axis 

moving plate 46 is slidably attached onto the Z-axi s 

guide rails 44. 

        A nut part (not illustrated) is disposed on  the 

back surface side (side surface on the side of the Z-axis 

guide rails 44) of the Z-axis moving plate 46, and a Z-

axis ball screw 48 substantially parallel to the Z- axis 

guide rails 44 is rotatably joined to this nut part .  A Z-

axis pulse motor 50 is joined to one end part of th e Z-

axis ball screw 48.  When the Z-axis ball screw 48 is 

rotated by the Z-axis pulse motor 50, the Z-axis mo ving 

plate 46 moves in the Z-axis direction along the Z- axis 

guide rails 44. 

        A Z-axis linear scale (not illustrated) is disposed 

at a position adjacent to the Z-axis guide rail 44,  and a 

reading head (not illustrated) is disposed on the Z -axis 

moving plate 46 on the side of the Z-axis guide rai ls 44.  

At the time of movement of the Z-axis moving plate 46, 

the position (coordinate) of the Z-axis moving plat e 46 

in the Z-axis direction and so forth are calculated  by 

detecting a scale of the Z-axis linear scale by the  

reading head.  A lower-side imaging unit (second im aging 

unit) 54 is fixed to the Z-axis moving plate 46 wit h the 

intermediary of a support arm 52 that is long in th e X-
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axis direction.  The lower-side imaging unit 54 of the 

present embodiment includes a low magnification cam era 56 

and a high magnification camera 58. 

        Each of the low magnification camera 56 and  the 

high magnification camera 58 has a predetermined op tical 

system with a lens and so forth and an imaging elem ent 

(second imaging element) such as a CCD image sensor  or a 

CMOS image sensor.  The lower-side imaging unit 54 is 

disposed on the lower side relative to the chuck ta ble 10 

and is disposed opposed to the other surface 12b in  such 

a manner that the optical axis of each lens is 

substantially perpendicular to the other surface 12 b of 

the holding component 12.  An illuminating device 5 6a that 

irradiates a subject (for example, the workpiece 11 ) 

located on the upper side with visible light is dis posed 

on a lateral side of the low magnification camera 5 6.  

Similarly, an illuminating device 58a is disposed o n a 

lateral side of the high magnification camera 58. 

        In the case of imaging the workpiece 11 by the 

lower-side imaging unit 54, the X-axis moving table  18 is 

moved to the side of the Y-axis moving table 36 and  the 

lower-side imaging unit 54 is disposed in the space  18d.  

Then, the workpiece 11 disposed on the side of the one 

surface 12a of the holding component 12 is imaged f rom 



26 

the lower side.  In this manner, a normal image (i. e., an 

image as actually seen) of the side of the front su rface 

11a can be acquired.  The lower-side imaging unit 5 4 is 

not necessarily required to have the two cameras of  the 

low magnification camera 56 and the high magnificat ion 

camera 58.  The lower-side imaging unit 54 may have  only 

one camera with a predetermined magnification. 

        Here, referring back to FIG. 1, other const ituents 

of the cutting apparatus 2 will be described.  On t he +X 

direction side and the −X direction side relative t o the 

top plate 18c of the X-axis moving table 18, an 

accordion-shaped, dust-proof, drip-proof cover that  can 

freely expand and contract is attached in such a ma nner 

as to cover the opening 4b.  Over the opening 4b, a  gate-

shaped support structure 4c is disposed to straddle  the 

opening 4b.  Two processing unit movement mechanism s 

(indexing feed unit, cutting-in feed unit) 60 are 

disposed on one side surface located on the side of  the 

opening 4a in the side surfaces of the support stru cture 

4c. 

        The respective processing unit movement mec hanisms 

60 share a pair of Y-axis guide rails 62 that are f ixed 

to the one side surface of the support structure 4c  and 

are substantially parallel to the Y-axis direction.   Two 
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Y-axis moving plates 64 are attached to the Y-axis guide 

rails 62 in such a manner as to be capable of slidi ng 

independently of each other.  A nut part (not illus trated) 

is disposed on one surface of the Y-axis moving pla te 64 

located on the side of the support structure 4c, an d a Y-

axis ball screw 66 substantially parallel to the Y- axis 

guide rails 62 is rotatably joined to this nut part .  The 

nut parts of the respective Y-axis moving plates 64  are 

joined to the different Y-axis ball screws 66. 

        A Y-axis pulse motor 68 is joined to one en d part 

of each Y-axis ball screw 66.  When the Y-axis ball  screw 

66 is rotated by the Y-axis pulse motor 68, the Y-a xis 

moving plate 64 moves in the Y-axis direction along  the 

Y-axis guide rails 62.  A pair of Z-axis guide rail s 72 

substantially parallel to the Z-axis direction are each 

disposed on the other surface of each Y-axis moving  plate 

64 located on the opposite side of the support stru cture 

4c.  Z-axis moving plates 70 are slidably attached to the 

Z-axis guide rails 72. 

        A nut part (not illustrated) is disposed on  one 

surface of the Z-axis moving plate 70 located on th e side 

of the support structure 4c, and a Z-axis ball scre w 74 

parallel to the Z-axis guide rails 72 is rotatably joined 

to this nut part.  A Z-axis pulse motor 76 is joine d to 
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one end part of the Z-axis ball screw 74.  When the  Z-axis 

ball screw 74 is rotated by the Z-axis pulse motor 76, 

the Z-axis moving plate 70 moves in the Z-axis dire ction 

along the Z-axis guide rails 72. 

        Cutting units (processing units) 78 are dis posed at 

the lower parts of the Z-axis moving plates 70.  Th e 

cutting unit 78 includes a cylindrical spindle hous ing 

80.  Part of a circular columnar spindle 82a (see F IG. 9) 

is rotatably housed in the spindle housing 80.  A 

rotational drive mechanism (not illustrated) such a s a 

servomotor that rotates the spindle 82a is joined t o one 

end of the spindle 82a.  Further, a cutting blade 8 2b 

having a circular annular cutting edge is mounted o n the 

other end of the spindle 82a. 

        Upper-side imaging units (first imaging uni ts) 84 

are joined to the lower parts of the Z-axis moving plates 

70 in such a manner as to be adjacent to the cuttin g unit 

78.  The upper-side imaging unit 84 has a predeterm ined 

optical system with a lens and so forth and an imag ing 

element (first imaging element).  The upper-side im aging 

unit 84 is located over the chuck table 10 and is 

disposed opposed to the one surface 12a of the hold ing 

component 12 in such a manner that the optical axis  of 

the lens is substantially perpendicular to the one 
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surface 12a.  The upper-side imaging unit 84 images  the 

back surface 11b of the workpiece 11 of which the s ide of 

the front surface 11a is held by the one surface 12 a.  In 

this manner, a normal image of the side of the back  

surface 11b can be acquired. 

        An opening 4d is made at a position on the opposite 

side of the opening 4a with respect to the opening 4b.  A 

cleaning unit 86 for cleaning the workpiece 11 and so 

forth after cutting is disposed in the opening 4d.  The 

cleaning unit 86 includes a cleaning table 88 that sucks 

and holds the workpiece 11 and a nozzle 90 having a  jet 

port disposed opposed to the cleaning table 88.  A casing 

that is not illustrated in the diagram is disposed on the 

base 4, and a touch panel (display device) 92 that serves 

as both an input part and a display part is dispose d on a 

side surface of the casing on the front side.  On t he 

touch panel 92, an image obtained by imaging by at least 

one of the lower-side imaging unit 54 and the upper -side 

imaging unit 84, processing conditions, a graphical  user 

interface (GUI), and so forth are displayed. 

        The input part and the display part may be 

separated.  In this case, instead of the touch pane l 92, a 

display device such as a video monitor or a compute r 

screen and an input device such as a keyboard and a  mouse 
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that serves as a user interface are disposed on the  side 

surface of the casing on the front side, for exampl e.  The 

cutting apparatus 2 includes a control part 94 that  

controls the suction source 14, the X-axis movement  

mechanism 26, the rotational drive source 30, the Y -axis 

movement mechanism 32, the Z-axis movement mechanis m 42, 

the lower-side imaging unit 54, the processing unit  

movement mechanisms 60, the upper-side imaging unit s 84, 

the cutting units 78, the touch panel 92, and so fo rth. 

        For example, the control part 94 is configu red by a 

computer including a processing device such as a 

processor typified by a central processing unit (CP U), a 

main storing device, such as a dynamic random acces s 

memory (DRAM), a static random access memory (SRAM) , and 

a read only memory (ROM), and an auxiliary storing device 

such as a flash memory, a hard disk drive, and a so lid 

state drive.  Software including a predetermined pr ogram 

is stored in the auxiliary storing device.  Functio ns of 

the control part 94 are implemented by causing the 

processing device and so forth to operate according  to 

this software.  Part of the auxiliary storing devic e 

functions as a storing device 96 that stores a prog ram 

that causes the control part 94 to execute predeter mined 

image processing. 
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        In the storing device 96, a program that ex ecutes 

image processing of inverting an image in a predete rmined 

direction is stored.  By the image processing, an i mage of 

the side of the front surface 11a is inverted in th e X-

axis direction (left-right inversion), for example.   One 

example of an algorithm to invert an image in the X -axis 

direction will briefly be described.  Consideration  will 

be made regarding the case in which the coordinates  of 

the four corners of the image are (x 1, y 1), (x 1, y 2), (x 2, 

y1), and (x 2, y 2).  In this case, a pixel value at the 

pixel of (x 1, y 1) and a pixel value at the pixel of (x 2, 

y1) are interchanged with respect to ((x 1 + x 2)/2, y 1).  

The image can be inverted in the X-axis direction b y 

executing similar operation also on pixels of other  

coordinates with respect to the straight line that passes 

through (x 1 + x 2)/2 and is parallel to the Y-axis.  The 

method for image inversion is not limited to this 

example, and another algorithm to invert an image i n a 

predetermined direction may be employed. 

        Further, a program that executes image proc essing 

of pattern matching and so forth is stored in the s toring 

device 96.  This program is known, and a predetermi ned 

pattern formed on the side of the front surface 11a  is 

extracted from an image of the side of the front su rface 
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11a by using this program.  The predetermined patte rn is, 

for example, the contour of the planned dividing li ne 13, 

the device 15, the mark 98, and a circuit 100 (see FIG. 

7A and so forth).  The mark 98 is referred to as an  

alignment mark, a key pattern, a target pattern, or  the 

like in some cases. 

        FIG. 7A is one example of an image of the s ide of 

the front surface 11a.  In the case of causing the touch 

panel 92 to display a normal image of the side of t he 

front surface 11a acquired by the lower-side imagin g unit 

54 and a normal image of the side of the back surfa ce 11b 

acquired by the upper-side imaging unit 84 as they are, 

the normal image of the side of the front surface 1 1a 

illustrated in FIG. 7A is inverted in the X-axis 

direction compared with the normal image of the sid e of 

the back surface 11b.  As a result, for example, th e left 

direction in the image of the side of the front sur face 

11a corresponds to the right direction in the image  of 

the side of the back surface 11b.  Therefore, it is  not 

easy for the operator to recognize the corresponden ce 

relation between the side of the front surface 11a and 

the side of the back surface 11b.  This imposes a b urden 

on the operator that operates the cutting apparatus  2. 

        In the present embodiment, the control part  94 



33 

executes image processing of the normal image of th e side 

of the front surface 11a to cause this normal image  to be 

displayed on the touch panel 92 in the state of bei ng 

inverted with respect to the X-axis direction 

(predetermined direction) (i.e., state of a mirror image) 

so that the orientation of the normal image of the side 

of the back surface 11b corresponds with the orient ation 

of the normal image of the side of the front surfac e 11a.  

FIG. 7B is one example of the image of the side of the 

front surface 11a inverted in the predetermined dir ection 

so that the orientation thereof corresponds with th e 

orientation of the image of the side of the back su rface 

11b.  FIG. 7B is a mirror image of FIG. 7A.  The no rmal 

image of the side of the front surface 11a is displ ayed 

on the touch panel 92 in the state of the mirror im age 

illustrated in FIG. 7B.  This allows the operator t o view 

the side of the front surface 11a as if the operato r were 

viewing the front surface 11a (lower side) from the  back 

surface 11b (upper surface) through the workpiece 1 1.  

Therefore, it becomes easy to recognize the 

correspondence relation between the side of the fro nt 

surface 11a and the side of the back surface 11b, a nd the 

burden on the operator is reduced. 

        The image of the side of the front surface 11a and 
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the image of the side of the back surface 11b may b e 

selectively displayed on the touch panel 92, and th e 

image of the side of the front surface 11a may be 

displayed on the touch panel 92 together with the i mage 

of the side of the back surface 11b.  For example, an 

image 23b of a region including a cut groove (kerf)  

formed on the side of the back surface 11b and an i mage 

23a of a region on the side of the front surface 11 a 

corresponding to this region on the side of the bac k 

surface 11b in the thickness direction of the workp iece 

11 are simultaneously displayed on the touch panel 92 

(see FIG. 8A).  The respective positions of the upp er-side 

imaging unit 84 and the lower-side imaging unit 54 

relative to the chuck table 10 are recognized by th e 

control part 94.  Therefore, in the workpiece 11 he ld by 

the one surface 12a of the chuck table 10, a 

predetermined region on the side of the back surfac e 11b 

and a region on the side of the front surface 11a 

corresponding to this region can be identified. 

        FIG. 8A is one example of a display method of the 

image 23a of a mirror image of the side of the fron t 

surface 11a and the image 23b of a normal image of the 

side of the back surface 11b each displayed on the touch 

panel 92.  By displaying both the image 23a and the  image 
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23b, execution of kerf check is facilitated compare d with 

the case in which the image 23a and the image 23b a re 

alternatively displayed.  The image 23a and the ima ge 23b 

do not necessarily need to be displayed side by sid e as 

in FIG. 8A.  FIG. 8B is another example of the disp lay 

method of the image 23a of the side of the front su rface 

11a and the image 23b of the side of the back surfa ce 

11b. 

        As illustrated in FIG. 8B, the image 23b of  the 

side of the back surface 11b may be displayed at pa rt of 

the image 23a of the side of the front surface 11a.   

Needless to say, another display method may be empl oyed 

as long as the operator can simultaneously observe the 

image 23a and the image 23b.  Further, when both mi rror 

and normal images of the side of the front surface 11a 

are displayed, an image of a mirror image of the si de of 

the front surface 11a may be employed as the image 23a, 

an image of a normal image of the side of the front  

surface 11a may be employed as the image 23b, and t he 

image 23a and the image 23b may be displayed on the  touch 

panel 92 as in FIG. 8A.  Instead of this, an image of a 

normal image of the side of the front surface 11a m ay be 

employed as the image 23a, and an image of a mirror  image 

of the side of the front surface 11a may be employe d as 
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the image 23b. 

        Next, a processing method of the workpiece 11 will 

be described by using FIG. 9, FIG. 10, and so forth .  

First, the workpiece unit 21 is placed on the one s urface 

12a of the chuck table 10 in such a manner that the  side 

of the back surface 11b is exposed upward (placemen t step 

S10).  After the placement step S10, the suction so urce 14 

is operated to hold the side of the front surface 1 1a of 

the workpiece 11 by the one surface 12a with the 

intermediary of the tape 17 and hold the frame 19 b y the 

frame suction plate (not illustrated) (holding step  S20).  

After the holding step S20, a teaching step S30 is 

executed. 

        In the teaching step S30, for example, a no rmal 

image of the side of the front surface 11a is image d by 

using the lower-side imaging unit 54, and the opera tor 

searches for the mark 98 on the side of the front s urface 

11a in the state in which an image obtained by conv erting 

this normal image to a mirror image is displayed on  the 

touch panel 92 in real time.  After the desired mar k 98 is 

found, an image of the side of the front surface 11 a 

including the mark 98 is acquired by the lower-side  

imaging unit 54.  The shape, coordinates, and so fo rth of 

the mark 98 are stored in, for example, the storing  
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device 96 as a template of pattern matching.  Furth er, the 

distance between the mark 98 and the center line of  the 

planned dividing line 13 and the distance between t wo 

planned dividing lines 13 adjacent in the Y-axis 

direction (street pitch) are stored in the storing device 

96.  The respective coordinates stored are XY-coord inates 

defined with the above-described intersection 12c 3 being 

the origin. 

        After the teaching step S30, alignment of t he 

workpiece 11 is executed (alignment step S40).  Als o in 

the alignment step S40, the operator executes opera tion 

in the state in which an image obtained by converti ng a 

normal image of the side of the front surface 11a 

acquired by the lower-side imaging unit 54 to a mir ror 

image is displayed on the touch panel 92 in real ti me.  In 

the alignment step S40, first, images of the side o f the 

front surface 11a are acquired by using the lower-s ide 

imaging unit 54 (for example, the low magnification  

camera 56) at plural places separate from each othe r in 

one planned dividing line 13 along the X-axis direc tion. 

        Then, in the images of the side of the fron t 

surface 11a acquired at the plural places, the same  

pattern as the mark 98 stored as the template is de tected 

by predetermined processing such as pattern matchin g.  
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Based on the detected pattern that is the same as t he 

mark 98, deviation of the planned dividing line 13 in a θ 

direction around the center axis of the holding com ponent 

12 is identified.  Thereafter, the rotational drive  source 

30 is operated and the belt 28 is rotated by a 

predetermined amount to correct the deviation of th e 

planned dividing line 13 in the θ direction.  The planned 

dividing line 13 is thereby positioned substantiall y in 

parallel to the X-axis direction.  In the alignment  step 

S40, predetermined processing, operation, and so fo rth 

other than the correction in the θ direction may be 

executed. 

        After the alignment step S40, the workpiece  11 is 

cut (processed) (cutting step S50).  FIG. 9 is a di agram 

illustrating the cutting step S50.  In the cutting step 

S50, first, the cutting blade 82b that is rotating at 

high speed is positioned on an extended line of the  

planned dividing line 13.  At this time, the lower end of 

the cutting blade 82b is positioned between the fro nt 

surface 11a and the back surface 11b of the workpie ce 11.  

Then, the chuck table 10 and the cutting blade 82b are 

relatively moved along the X-axis direction by the X-axis 

movement mechanism 26. 

        The workpiece 11 is thereby partly cut (pro cessed) 
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(that is, half-cut) by the cutting blade 82b from t he 

side of the back surface 11b to a predetermined dep th 

that does not reach the front surface 11a in the 

thickness direction of the workpiece 11, so that a cut 

groove 11c is formed along the planned dividing lin e 13.  

The cutting in the cutting step S50 is not limited to the 

half cutting.  In the cutting step S50, the workpie ce 11 

may be cut to be severed from the back surface 11b to the 

front surface 11a (that is, fully cut). 

        After the workpiece 11 is cut along the one  planned 

dividing line 13 parallel to the X-axis direction, 

indexing feed of the cutting unit 78 is executed to  

position the cutting blade 82b on an extended line of the 

planned dividing line 13 adjacent in the Y-axis 

direction.  Then, similarly, the workpiece 11 is cu t along 

the planned dividing line 13.  After the workpiece 11 is 

cut along all planned dividing lines 13 parallel to  a 

first direction in this manner, the rotational driv e 

source 30 is operated to rotate the chuck table 10 by 90 

degrees.  Then, a second direction orthogonal to th e first 

direction is positioned in parallel to the X-axis 

direction, and the workpiece 11 is cut along all pl anned 

dividing lines 13 parallel to the second direction.  

        After the cutting step S50, a kerf check st ep S60 
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is executed.  FIG. 10 is a diagram illustrating the  kerf 

check step S60.  In the kerf check step S60, a regi on on 

the side of the back surface 11b including the cut 

grooves 11c and a region on the side of the front s urface 

11a mutually corresponding to this region in the 

thickness direction of the workpiece 11 are imaged.   Then, 

on the touch panel 92, a normal image of the side o f the 

back surface 11b is displayed as the image 23b and a 

mirror image of the side of the front surface 11a i s 

displayed as the image 23a.  This makes it easy to 

recognize the correspondence relation between the s ide of 

the front surface 11a and the side of the back surf ace 

11b, and, therefore, the burden on the operator at the 

time of kerf check is reduced.  Incidentally, altho ugh the 

mirror image is created through executing image 

processing of the normal image of the side of the f ront 

surface 11a in the present embodiment, the mirror i mage 

may be created through executing image processing o f the 

normal image of the side of the back surface 11b.  In this 

case, on the touch panel 92, the normal image of th e side 

of the front surface 11a is displayed as the image 23a 

and the mirror image of the side of the back surfac e 11b 

is displayed as the image 23b. 

        Next, a first modification example will be 
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described.  In the first modification example, the upper-

side imaging unit 84 acquires a normal image of the  side 

of the back surface 11b, and the lower-side imaging  unit 

54 (third imaging unit) acquires a mirror image of the 

side of the front surface 11a.  Then, without execu ting 

inversion processing for the images of the side of the 

back surface 11b and the side of the front surface 11a, 

the control part 94 causes both to be displayed on the 

touch panel 92.  FIG. 11 is a diagram illustrating the 

lower-side imaging unit 54 and so forth according t o the 

first modification example.  In FIG. 11, the side p late 

18b is omitted for convenience.  In the lower-side imaging 

unit 54 according to the first modification example , the 

low magnification camera 56 and the high magnificat ion 

camera 58 each having lens, imaging element (third 

imaging element), and so forth are disposed between  both 

ends of the support arm 52 in the longitudinal dire ction. 

        The optical axis of the lens of each of the  low 

magnification camera 56 and the high magnification camera 

58 is disposed substantially in parallel to the X-a xis 

direction.  Illuminating devices 56a and 58a are di sposed 

for the respective cameras, but diagrammatic 

representation thereof is omitted.  At the tip part  of the 

support arm 52, a mirror unit 54b that has a mirror  
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surface 54a inclined to the X-axis by 45 degrees in  the 

XZ-plane and guides reflected light from the side o f the 

front surface 11a to the low magnification camera 5 6 and 

the high magnification camera 58 is disposed. 

        Each camera images the side of the front su rface 

11a reflected in the mirror by the mirror unit 54b,  and 

thereby, the lower-side imaging unit 54 can acquire  an 

image of the side of the front surface 11a inverted  in 

the X-axis direction (i.e., mirror image).  Then, t he 

mirror image of the side of the front surface 11a a nd the 

normal image of the side of the back surface 11b ar e 

displayed on the touch panel 92 as they are.  This allows 

the operator to view the side of the front surface 11a as 

if the operator were viewing the front surface 11a from 

the back surface 11b through the workpiece 11.  The refore, 

it becomes easy to recognize the correspondence rel ation 

between the side of the front surface 11a and the s ide of 

the back surface 11b.  Consequently, the burden on the 

operator is reduced.  The mirror unit 54b may be di sposed 

between the lens and the imaging element in each of  the 

low magnification camera 56 and the high magnificat ion 

camera 58.  In this case, each lens is disposed in such a 

manner that the optical axis of the lens is along t he Z-

axis direction. 
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        Incidentally, image processing may be execu ted by 

using the control part 94 in the first modification  

example.  For example, the control part 94 executes  image 

processing of both a normal image of the side of th e back 

surface 11b and a mirror image of the side of the f ront 

surface 11a to cause the normal image and the mirro r 

image to be displayed on the touch panel 92 in the state 

of being inverted in a predetermined direction so t hat 

the orientation of the normal image of the side of the 

back surface 11b corresponds with the orientation o f the 

mirror image of the side of the front surface 11a.  This 

allows the operator to view the side of the back su rface 

11b as if the operator were viewing the back surfac e 11b 

from the front surface 11a through the workpiece 11 .  

Therefore, it becomes easy to recognize the 

correspondence relation between the side of the fro nt 

surface 11a and the side of the back surface 11b.  

Consequently, the burden on the operator is reduced . 

        Next, a second modification example will be  

described.  In the second modification example, the  upper-

side imaging unit 84 (fourth imaging unit) acquires  a 

mirror image of the side of the back surface 11b, a nd the 

lower-side imaging unit 54 (second imaging unit) ac quires 

a normal image of the side of the front surface 11a .  
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Then, without executing inversion processing for th e 

images of the side of the back surface 11b and the side 

of the front surface 11a, the control part 94 cause s both 

to be displayed on the touch panel 92.  FIG. 12 is a 

diagram illustrating the upper-side imaging unit 84  and 

so forth according to the second modification examp le.  In 

FIG. 12, the side plate 18b is omitted for convenie nce. 

        In the upper-side imaging unit 84 according  to the 

second modification example, a camera 84b having a lens, 

an imaging element (fourth imaging element), and so  forth 

is disposed between both ends of a support arm 84a in the 

longitudinal direction.  The optical axis of the le ns of 

the camera 84b is disposed substantially in paralle l to 

the X-axis direction.  At the tip part of the suppo rt arm 

84a, a mirror unit 84d that has a mirror surface 84 c 

inclined to the X-axis by 45 degrees in the XZ-plan e and 

guides reflected light from the side of the back su rface 

11b to the camera 84b is disposed. 

        The camera 84b images the side of the back surface 

11b reflected in the mirror by the mirror unit 84d,  and 

thereby, the upper-side imaging unit 84 can acquire  an 

image of the side of the back surface 11b inverted in the 

X-axis direction (i.e., mirror image).  Then, the m irror 

image of the side of the back surface 11b and the n ormal 
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image of the side of the front surface 11a are disp layed 

on the touch panel 92 as they are.  The operator ca n view 

the side of the back surface 11b as if the operator  were 

viewing the back surface 11b from the front surface  11a 

through the workpiece 11.  Therefore, it becomes ea sy to 

recognize the correspondence relation between the s ide of 

the front surface 11a and the side of the back surf ace 

11b.  Consequently, the burden on the operator is r educed.  

The mirror unit 84d may be disposed between the len s and 

the imaging element in the camera 84b.  In this cas e, the 

lens is disposed in such a manner that the optical axis 

of the lens is along the Z-axis direction. 

        Also in the second modification example, im age 

processing may be executed by using the control par t 94.  

For example, the control part 94 executes image 

processing of both a mirror image of the side of th e back 

surface 11b and a normal image of the side of the f ront 

surface 11a to cause the mirror image and the norma l 

image to be displayed on the touch panel 92 in the state 

of being inverted in a predetermined direction so t hat 

the orientation of the mirror image of the side of the 

back surface 11b corresponds with the orientation o f the 

normal image of the side of the front surface 11a.  This 

allows the operator to view the side of the front s urface 
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11a as if the operator were viewing the front surfa ce 11a 

from the back surface 11b through the workpiece 11.   

Therefore, it becomes easy to recognize the 

correspondence relation between the side of the fro nt 

surface 11a and the side of the back surface 11b.  

Consequently, the burden on the operator is reduced . 

        Next, a third modification example will be 

described.  In the third modification example, the upper-

side imaging unit 84 (fourth imaging unit) acquires  a 

mirror image of the side of the back surface 11b, a nd the 

lower-side imaging unit 54 (third imaging unit) acq uires 

a mirror image of the side of the front surface 11a .  

Then, the control part 94 executes inversion proces sing 

for either of the images of the side of the back su rface 

11b or the side of the front surface 11a and therea fter 

causes both to be displayed on the touch panel 92.  FIG. 

13 is a diagram illustrating the lower-side imaging  unit 

54, the upper-side imaging unit 84, and so forth 

according to the third modification example.  In FI G. 13, 

the side plate 18b is omitted for convenience. 

        The lower-side imaging unit 54 according to  the 

third modification example is the same as the first  

modification example, and the upper-side imaging un it 84 

according to the third modification example is the same 
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as the second modification example.  Either the mir ror 

image of the side of the back surface 11b or the mi rror 

image of the side of the front surface 11a is subje cted 

to image processing and is displayed on the touch p anel 

92 in the state of being inverted in a predetermine d 

direction.  For example, a mirror image of the side  of the 

front surface 11a acquired by the lower-side imagin g unit 

54 and a normal image of the side of the back surfa ce 11b 

obtained by inverting a mirror image of the side of  the 

back surface 11b acquired by the upper-side imaging  unit 

84 in the X-axis direction by the image processing are 

displayed on the touch panel 92.  Further, for exam ple, a 

normal image of the side of the front surface 11a 

obtained by inverting a mirror image of the side of  the 

front surface 11a acquired by the lower-side imagin g unit 

54 in the X-axis direction by the image processing and a 

mirror image of the side of the back surface 11b ac quired 

by the upper-side imaging unit 84 are displayed on the 

touch panel 92. 

        That is, the image of the side of the back surface 

11b and the image of the side of the front surface 11a 

are displayed on the touch panel 92 in such a manne r that 

the orientations thereof corresponds with each othe r.  Due 

to this, it becomes easy for the operator to recogn ize 
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the correspondence relation between the side of the  front 

surface 11a and the side of the back surface 11b.  

Therefore, the burden on the operator is reduced.  

Similarly to the first and second modification exam ples, 

the mirror units 54b and 84d may be disposed betwee n the 

lens and the imaging element.  In this case, each l ens is 

disposed in such a manner that the optical axis of the 

lens is along the Z-axis direction. 

        Next, a second embodiment will be described .  In 

the second embodiment, the workpiece 11 is processe d by 

using a laser processing apparatus (processing appa ratus) 

104 instead of the cutting apparatus 2.  However, t he 

above-described placement step S10 to the alignment  step 

S40 are executed as with the first embodiment.  FIG . 14 is 

a perspective view of the laser processing apparatu s 104 

according to the second embodiment.  The same const ituent 

as the cutting apparatus 2 according to the first 

embodiment is given the same symbol.  In the follow ing, 

the difference from the cutting apparatus 2 will ma inly 

be described. 

        In the laser processing apparatus 104, the lower-

side imaging unit 54 is fixed to a stationary base 106.  

The lower-side imaging unit 54 may be disposed mova bly in 

the X-axis direction or the Y-axis direction.  The X-axis 
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moving table 18 is disposed over the stationary bas e 106.  

The X-axis moving table 18 is disposed in such a ma nner 

that the lower-side imaging unit 54 can enter the s pace 

18d from a region located on the opposite side of t he 

side plate 18b of the X-axis moving table 18. 

        The X-axis moving table 18 can slidably be disposed 

on a pair of X-axis guide rails 20.  The pair of X- axis 

guide rails 20 are fixed onto a Y-axis moving table  108.  

A nut part (not illustrated) is disposed on the low er 

surface side of the bottom plate 18a of the X-axis moving 

table 18, and the X-axis ball screw 22 substantiall y 

parallel to the X-axis guide rails 20 is rotatably joined 

to this nut part. 

        The X-axis pulse motor 24 is joined to one end part 

of the X-axis ball screw 22.  When the X-axis ball screw 

22 is rotated by the X-axis pulse motor 24, the X-a xis 

moving table 18 moves in the X-axis direction along  the 

X-axis guide rails 20.  The Y-axis moving table 108  that 

supports the X-axis moving table 18 is slidably att ached 

onto a pair of Y-axis guide rails 110 fixed to the upper 

surface of the stationary base 106.  A Y-axis scale  110a 

used in detection of the position of the Y-axis mov ing 

table 108 in the Y-axis direction is disposed at a 

position adjacent to the Y-axis guide rails 110. 
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        A nut part (not illustrated) is disposed on  the 

lower surface side of the Y-axis moving table 108, and a 

Y-axis ball screw 112 substantially parallel to the  Y-

axis guide rails 110 is rotatably joined to this nu t 

part.  A Y-axis pulse motor 114 is joined to one en d part 

of the Y-axis ball screw 112.  When the Y-axis ball  screw 

112 is rotated by the Y-axis pulse motor 114, the Y -axis 

moving table 108 moves in the Y-axis direction alon g the 

Y-axis guide rails 110.  The Y-axis guide rails 110 , the 

Y-axis ball screw 112, the Y-axis pulse motor 114, and so 

forth configure a Y-axis movement mechanism 116 tha t 

moves the Y-axis moving table 108. 

        At a position adjacent to the lower-side im aging 

unit 54, a column 118 is disposed in such a manner as to 

protrude upward from the upper surface of the stati onary 

base 106.  A casing 120 having a longitudinal part 

substantially parallel to the X-axis direction is 

disposed on the column 118.  At least part of a las er 

irradiation unit 122 is disposed in the casing 120.   The 

laser irradiation unit 122 has a laser oscillator 1 22a 

that generates a pulsed laser beam having such a 

wavelength as to be absorbed by the workpiece 11 or  such 

a wavelength as to be transmitted through the workp iece 

11, and so forth. 
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        An irradiation head 124 including a collect ing lens 

124a is disposed at the tip part of the laser irrad iation 

unit 122 in the X-axis direction.  The laser beam e mitted 

from the laser oscillator 122a is collected by the 

collecting lens 124a and irradiation of the lower s ide 

with the laser beam from the irradiation head 124 i s 

executed.  In FIG. 14, a laser beam L with which th e lower 

side is irradiated from the irradiation head 124 is  

illustrated by a dashed arrow.  At the tip part of the 

casing 120, the above-described upper-side imaging unit 

84 is disposed at a position adjacent to the irradi ation 

head 124. 

        The control part 94 of the second embodimen t causes 

the touch panel 92 to display a mirror image obtain ed by 

inverting a normal image of the side of the front s urface 

11a in the X-axis direction and a normal image of t he 

side of the back surface 11b similarly to the first  

embodiment.  This makes it easy to recognize the 

correspondence relation between the side of the fro nt 

surface 11a and the side of the back surface 11b.  

Therefore, the burden on the operator is reduced.  

Besides, structures, methods, and so forth accordin g to 

the above-described embodiments can be carried out with 

changes as appropriate without departing from the r ange 
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of the object of the present invention.  For exampl e, the 

first to third modification examples can also be ap plied 

in the laser processing apparatus 104.  Incidentall y, in 

the above-described embodiments and modification 

examples, the case in which an image of the side of  the 

front surface 11a is inverted in the X-axis directi on has 

been explained.  However, inversion in the Y-axis 

direction (predetermined direction) may be executed  

depending on the configuration of the processing 

apparatus including the mirror surface inclined to the X-

axis by 45 degrees in the XZ-plane.  The mirror uni ts 54b 

and 84d may have, instead of the mirror surfaces 54 a and 

84c, an alternative such as a lens that is disposed  

separately from the camera and can generate a mirro r 

image. 

        The present invention is not limited to the  details 

of the above described preferred embodiments.  The scope 

of the invention is defined by the appended claims and 

all changes and modifications as fall within the 

equivalence of the scope of the claims are therefor e to 

be embraced by the invention.   
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WHAT IS CLAIMED IS: 

        1.  A processing apparatus comprising: 

        a chuck table that includes one surface and  the 

other surface located on an opposite side of the on e 

surface and includes a plate-shaped holding compone nt 

having a predetermined region formed of a transpare nt 

material from the one surface to the other surface;  

        a processing unit that processes a workpiec e having 

a predetermined pattern on a front surface side in a 

state in which the front surface side of the workpi ece is 

held by the one surface of the chuck table and a ba ck 

surface side of the workpiece is exposed upward; 

        a first imaging unit that has a first imagi ng 

element and that is disposed over the chuck table a nd 

acquires a normal image of the back surface side; 

        a second imaging unit that has a second ima ging 

element and that is disposed under the chuck table and 

acquires a normal image of the front surface side i n a 

region corresponding to a region imaged by the firs t 

imaging unit in a thickness direction of the workpi ece; 

        a display device that displays at least one  of an 

image of the back surface side acquired by the firs t 

imaging unit and an image of the front surface side  

acquired by the second imaging unit; and 



54 

        a control part that has a storing device in  which a 

program to execute image processing is stored and a  

processor that processes an image in accordance wit h the 

program, the control part executing the image proce ssing 

of either the normal image of the back surface side  or 

the normal image of the front surface side to cause  the 

normal image subjected to the image processing to b e 

displayed on the display device in a state of being  

inverted in a predetermined direction in order to a llow 

orientation of the normal image of the back surface  side 

to correspond with orientation of the normal image of the 

front surface side. 

        2.  The processing apparatus according to c laim 1, 

wherein 

        the image of the front surface side is disp layed on 

the display device together with the image of the b ack 

surface side. 

        3.  The processing apparatus according to c laim 1, 

wherein 

        the processing unit is 

                a cutting unit having a spindle, wh erein a 

cutting blade is configured to be mounted on one en d of 

the spindle, or 

                a laser irradiation unit having a l aser 
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oscillator that generates a laser beam and a collec ting 

lens that collects the laser beam emitted from the laser 

oscillator. 

        4.  A processing apparatus comprising: 

        a chuck table that includes one surface and  the 

other surface located on an opposite side of the on e 

surface and includes a plate-shaped holding compone nt 

having a predetermined region formed of a transpare nt 

material from the one surface to the other surface;  

        a processing unit that processes a workpiec e having 

a predetermined pattern on a front surface side in a 

state in which the front surface side of the workpi ece is 

held by the one surface of the chuck table and a ba ck 

surface side of the workpiece is exposed upward; 

        a first imaging unit that has a first imagi ng 

element and that is disposed over the chuck table a nd 

acquires a normal image of the back surface side; 

        a third imaging unit that has a third imagi ng 

element and that is disposed under the chuck table and 

acquires a mirror image of the front surface side i n a 

region corresponding to a region imaged by the firs t 

imaging unit in a thickness direction of the workpi ece; 

and 

        a display device that displays at least one  of an 
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image of the back surface side acquired by the firs t 

imaging unit and an image of the front surface side  

acquired by the third imaging unit. 

        5.  The processing apparatus according to c laim 4, 

further comprising: 

        a control part having a storing device in w hich a 

program to execute image processing is stored and a  

processor that processes an image in accordance wit h the 

program, wherein 

        the control part executes the image process ing of 

both the normal image of the back surface side and the 

mirror image of the front surface side to cause the  

normal and mirror images subjected to the image 

processing to be displayed on the display device in  a 

state of being inverted in a predetermined directio n in 

order to allow orientation of the normal image of t he 

back surface side to correspond with orientation of  the 

mirror image of the front surface side. 

        6.  The processing apparatus according to c laim 4, 

wherein 

        the image of the front surface side is disp layed on 

the display device together with the image of the b ack 

surface side. 

        7.  The processing apparatus according to c laim 4, 
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wherein 

        the processing unit is 

                a cutting unit having a spindle, wh erein a 

cutting blade is configured to be mounted on one en d of 

the spindle, or 

                a laser irradiation unit having a l aser 

oscillator that generates a laser beam and a collec ting 

lens that collects the laser beam emitted from the laser 

oscillator. 

        8.  A processing apparatus comprising: 

        a chuck table that includes one surface and  the 

other surface located on an opposite side of the on e 

surface and includes a plate-shaped holding compone nt 

having a predetermined region formed of a transpare nt 

material from the one surface to the other surface;  

        a processing unit that processes a workpiec e having 

a predetermined pattern on a front surface side in a 

state in which the front surface side of the workpi ece is 

held by the one surface of the chuck table and a ba ck 

surface side of the workpiece is exposed upward; 

        a fourth imaging unit that has a fourth ima ging 

element and that is disposed over the chuck table a nd 

acquires a mirror image of the back surface side; 

        a second imaging unit that has a second ima ging 
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element and that is disposed under the chuck table and 

acquires a normal image of the front surface side i n a 

region corresponding to a region imaged by the four th 

imaging unit in a thickness direction of the workpi ece; 

and 

        a display device that displays at least one  of an 

image of the back surface side acquired by the four th 

imaging unit and an image of the front surface side  

acquired by the second imaging unit. 

        9.  The processing apparatus according to c laim 8, 

further comprising: 

        a control part having a storing device in w hich a 

program to execute image processing is stored and a  

processor that processes an image in accordance wit h the 

program, wherein 

        the control part executes the image process ing of 

both the mirror image of the back surface side and the 

normal image of the front surface side to cause the  

mirror and normal images subjected to the image 

processing to be displayed on the display device in  a 

state of being inverted in a predetermined directio n in 

order to allow orientation of the mirror image of t he 

back surface side to correspond with orientation of  the 

normal image of the front surface side. 
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        10.  The processing apparatus according to claim 8, 

wherein 

        the image of the front surface side is disp layed on 

the display device together with the image of the b ack 

surface side. 

        11.  The processing apparatus according to claim 8, 

wherein 

        the processing unit is 

                a cutting unit having a spindle, wh erein a 

cutting blade is configured to be mounted on one en d of 

the spindle, or 

                a laser irradiation unit having a l aser 

oscillator that generates a laser beam and a collec ting 

lens that collects the laser beam emitted from the laser 

oscillator. 

        12.  A processing apparatus comprising: 

        a chuck table that includes one surface and  the 

other surface located on an opposite side of the on e 

surface and includes a plate-shaped holding compone nt 

having a predetermined region formed of a transpare nt 

material from the one surface to the other surface;  

        a processing unit that processes a workpiec e having 

a predetermined pattern on a front surface side in a 

state in which the front surface side of the workpi ece is 
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held by the one surface of the chuck table and a ba ck 

surface side of the workpiece is exposed upward; 

        a fourth imaging unit that has a fourth ima ging 

element and that is disposed over the chuck table a nd 

acquires a mirror image of the back surface side; 

        a third imaging unit that has a third imagi ng 

element and that is disposed under the chuck table and 

acquires a mirror image of the front surface side i n a 

region corresponding to a region imaged by the four th 

imaging unit in a thickness direction of the workpi ece; 

        a display device that displays at least one  of an 

image of the back surface side acquired by the four th 

imaging unit and an image of the front surface side  

acquired by the third imaging unit; and 

        a control part that has a storing device in  which a 

program to execute image processing is stored and a  

processor that processes an image in accordance wit h the 

program, the control part executing the image proce ssing 

of either the mirror image of the back surface side  or 

the mirror image of the front surface side to cause  the 

mirror image subjected to the image processing to b e 

displayed on the display device in a state of being  

inverted in a predetermined direction in order to a llow 

orientation of the mirror image of the back surface  side 
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to correspond with orientation of the mirror image of the 

front surface side. 

        13.  The processing apparatus according to claim 

12, wherein 

        the image of the front surface side is disp layed on 

the display device together with the image of the b ack 

surface side. 

        14.  The processing apparatus according to claim 

12, wherein 

        the processing unit is 

                a cutting unit having a spindle, wh erein a 

cutting blade is configured to be mounted on one en d of 

the spindle, or 

                a laser irradiation unit having a l aser 

oscillator that generates a laser beam and a collec ting 

lens that collects the laser beam emitted from the laser 

oscillator. 

  


