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PROCESSING APPARATUS AND WORKPIECE PROCESSING METHOD 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a processi ng 

apparatus that processes a workpiece and a workpiec e 

processing method using the processing apparatus. 

Description of the Related Art 

        A device chip manufacturing process uses a wafer 

having devices such as intergrated circuits (ICs) o r 

large scale integrations (LSIs) formed in each of a  

plurality of regions demarcated by planned dividing  lines 

(streets).  A plurality of device chips each having  the 

device are obtained by dividing the wafer along the  

planned dividing lines. 

        For dividing the wafer, a cutting apparatus  which, 

for example, includes a chuck table holding the waf er and 

a processing unit (cutting unit) fitted with an ann ular 

cutting blade that cuts the wafer held by the chuck  table 

is used.  The wafer is divided into a plurality of device 

chips by making the cutting blade rotate and cut in to the 

wafer.  In addition, a method of dividing the wafer  using 

a laser processing apparatus has recently been used .  The 

laser processing apparatus includes a chuck table h olding 
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the wafer and a processing unit (laser applying uni t) 

processing the wafer by irradiating the wafer held by the 

chuck table with a laser beam.  For example, there has 

been proposed a method which forms a modified regio n 

(modified layer) within the wafer along the planned  

dividing lines by condensing a laser beam transmiss ible 

through the wafer to the inside of the wafer.  The region 

in which this modified layer is formed is more frag ile 

than other regions of the wafer.  Therefore, when a n 

external force is applied to the wafer in which the  

modified layer is formed, the wafer is divided alon g the 

planned dividing lines with the modified layer as a  

starting point. 

        When the wafer is to be processed by a proc essing 

apparatus typified by the cutting apparatus and the  laser 

processing apparatus described above, the wafer is 

disposed on the holding surface of the chuck table,  and 

then the position of a region to be processed (proc essing 

target region) in the wafer is detected by imaging the 

top surface side of the wafer having the devices fo rmed 

thereon by an imaging unit such as a camera.  Then,  on the 

basis of the detected position of the processing ta rget 

region, alignment which adjusts positional relation  

between the wafer and the processing unit is perfor med.  
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Incidentally, depending on the content of the proce ssing, 

the processing may be performed in a state in which  the 

top surface side of the wafer is opposed to the hol ding 

surface of the chuck table and the undersurface sid e of 

the wafer is exposed upward.  In this case, the top  

surface side (lower surface side) of the wafer is c overed 

by the holding surface of the chuck table.  It is 

therefore difficult to image the top surface side o f the 

wafer by the imaging unit.  As a result, the proces sing 

target region cannot be detected on the basis of th e 

positions of the devices formed on the top surface side 

of the wafer or the like. 

        Accordingly, there has been proposed a proc essing 

apparatus which makes it possible to observe the to p 

surface side of the wafer even in a state in which the 

top surface side of the wafer having the devices fo rmed 

thereon is covered by the holding surface of the ch uck 

table.  For example, Japanese Patent Laid-Open No. H06-

232255 discloses a cutting apparatus including an 

infrared lamp that applies infrared rays that pass 

through the wafer.  In this cutting apparatus, the 

infrared rays applied from the infrared lamp to the  

undersurface side of the wafer pass through the waf er and 

reach the top surface side of the wafer.  Then, a p attern 
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on the top surface side of the wafer is observed by  

detecting the infrared rays reflected by the top su rface 

side of the wafer.  In addition, Japanese Patent La id-Open 

No. 2010-82644 and Japanese Patent Laid-Open No. 20 10-

87141 disclose a laser processing apparatus includi ng a 

chuck table formed by a transparent member and imag ing 

means disposed on the lower side of the chuck table .  In 

this laser processing apparatus, the top surface si de of 

the wafer is imaged from the lower side of the wafe r 

through the transparent chuck table even in the cas e 

where the top surface side of the wafer is covered by the 

holding surface of the chuck table. 

 

SUMMARY OF THE INVENTION 

        The use of the cutting apparatus including the 

above-described infrared lamp makes it possible to image 

the top surface side (lower surface side) of the wa fer 

and to detect the processing target region on the b asis 

of the positions of the devices formed on the top s urface 

side of the wafer or the like, even when the top su rface 

side of the wafer is covered by the holding surface  of 

the chuck table.  However, the imaging of the top s urface 

side of the wafer is obstructed when a layer not 

transmitting infrared rays (metallic layer or the l ike) 
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is formed on the undersurface side of the wafer or within 

the wafer, for example. 

        On the other hand, in the laser processing 

apparatus including the transparent chuck table, th e 

imaging means disposed on the lower side of the chu ck 

table images the top surface side of the wafer thro ugh 

the chuck table.  Therefore, the devices and the li ke 

formed on the top surface side of the wafer can be imaged 

even when a metallic layer or the like is formed on  the 

undersurface side of the wafer or within the wafer.   

However, in this laser processing apparatus, a movi ng 

mechanism that controls the position of the imaging  means 

in a horizontal direction may be installed, and a 

rotating mechanism that rotates the chuck table may  be 

installed on a side of the chuck table.  It is ther efore 

necessary to secure a region for arranging the movi ng 

mechanism and the rotating mechanism within the 

processing apparatus, resulting in an increased siz e of 

the apparatus. 

        The present invention has been made in view  of such 

problems.  It is an object of the present invention  to 

provide a processing apparatus that makes it possib le to 

observe the lower surface side of a workpiece held by a 

chuck table and to decrease the size of the apparat us and 
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a workpiece processing method using the processing 

apparatus. 

        In accordance with an aspect of the present  

invention, there is provided a processing apparatus  

including a chuck table configured to hold a workpi ece by 

a holding surface, a processing unit configured to 

process the workpiece held by the chuck table; a mo ving 

mechanism configured to move the chuck table and th e 

processing unit relative to each other along a dire ction 

parallel with the holding surface of the chuck tabl e, an 

angle control mechanism disposed on the moving mech anism 

and on a lower side of the chuck table, the angle c ontrol 

mechanism controlling an angle of the chuck table; and an 

imaging unit configured to image the workpiece held  by 

the chuck table, the chuck table including a holdin g 

member formed by a transparent body and holding the  

workpiece and a supporting member supporting a part  of 

the holding member and connected to the angle contr ol 

mechanism, the processing apparatus moving the chuc k 

table by the moving mechanism and imaging the workp iece 

through the holding member by the imaging unit in a  state 

in which the imaging unit is positioned in a region  that 

is on a lower side of the holding member and is not  

superimposed on the supporting member. 
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        Incidentally, preferably, the angle control  

mechanism is a rotating mechanism that rotates the chuck 

table.  In addition, preferably, the chuck table fu rther 

includes an outer circumference holding member conf igured 

to hold an outer circumferential portion of the hol ding 

member, and the outer circumference holding member is 

supported by the supporting member.  Further, prefe rably, 

the processing apparatus further includes an upper side 

imaging unit configured to image the workpiece held  by 

the chuck table, from an upper side of the holding member.  

Moreover, preferably, the processing apparatus furt her 

includes a positioning member to which a target for  

performing positioning between the imaging unit and  the 

upper side imaging unit is set, and the target is i maged 

by the imaging unit positioned on the lower side of  the 

holding member and the upper side imaging unit posi tioned 

on the upper side of the holding member.  Furthermo re, 

preferably, the processing apparatus further includ es a 

moving mechanism configured to move the imaging uni t 

along a direction perpendicular to the holding surf ace of 

the chuck table. 

        In accordance with another aspect of the pr esent 

invention, there is provided a workpiece processing  

method for processing a workpiece by using a proces sing 
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apparatus, the processing apparatus including a chu ck 

table configured to hold the workpiece by a holding  

surface, a processing unit configured to process th e 

workpiece held by the chuck table, a moving mechani sm 

configured to move the chuck table and the processi ng 

unit relative to each other along a direction paral lel 

with the holding surface of the chuck table, an ang le 

control mechanism disposed on the moving mechanism and on 

a lower side of the chuck table, the angle control 

mechanism controlling an angle of the chuck table, and an 

imaging unit configured to image the workpiece held  by 

the chuck table, the chuck table including a holdin g 

member formed by a transparent body and holding the  

workpiece and a supporting member supporting a part  of 

the holding member and connected to the angle contr ol 

mechanism, the workpiece processing method includin g a 

tape affixing step of affixing a tape to a top surf ace 

side of the workpiece, a holding step of holding th e 

workpiece by the chuck table via the tape after the  tape 

affixing step; an identifying step of, after the ho lding 

step, imaging the top surface side of the workpiece  

through the holding member by the imaging unit posi tioned 

in a region that is on a lower side of the holding member 

and is not superimposed on the supporting member, a nd 
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identifying a region to be processed in the workpie ce, a 

processing step of cutting the workpiece along the region 

to be processed, by the processing unit after the 

identifying step, a detecting step of, after the 

processing step, imaging the top surface side of th e 

workpiece through the holding member by the imaging  unit 

positioned in the region that is on the lower side of the 

holding member and is not superimposed on the suppo rting 

member, and detecting a difference between a positi on of 

the region to be processed and a position of a proc essing 

trace formed in the processing step, and a position  

correcting step of correcting a position to be proc essed 

by the processing unit on the basis of the differen ce 

between the position of the region to be processed and 

the position of the processing trace. 

        In accordance with another aspect of the pr esent 

invention, there is provided a workpiece processing  

method for processing a workpiece by using a proces sing 

apparatus, the processing apparatus including a chu ck 

table configured to hold the workpiece by a holding  

surface, a processing unit configured to process th e 

workpiece held by the chuck table, a moving mechani sm 

configured to move the chuck table and the processi ng 

unit relative to each other along a direction paral lel 
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with the holding surface of the chuck table, an ang le 

control mechanism disposed on the moving mechanism and on 

a lower side of the chuck table, the angle control 

mechanism controlling an angle of the chuck table, and a 

first imaging unit and a second imaging unit config ured 

to image the workpiece held by the chuck table, the  chuck 

table including a holding member formed by a transp arent 

body and holding the workpiece and a supporting mem ber 

supporting a part of the holding member and connect ed to 

the angle control mechanism, the workpiece processi ng 

method including a holding step of holding the work piece 

by the chuck table such that a top surface side of the 

workpiece is opposed to an upper surface of the hol ding 

member, an identifying step of, after the holding s tep, 

imaging the top surface side of the workpiece throu gh the 

holding member by the first imaging unit positioned  in a 

region that is on a lower side of the holding membe r and 

is not superimposed on the supporting member, and 

identifying a region to be processed in the workpie ce, a 

processing step of, after the identifying step, for ming a 

processed groove along the region to be processed, on an 

undersurface side of the workpiece by the processin g unit, 

a detecting step of, after the processing step, ima ging 

the processed groove by the second imaging unit 
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positioned on an upper side of the holding member, and 

detecting a difference between a position of the re gion 

to be processed and a position of the processed gro ove, 

and a position correcting step of correcting a posi tion 

to be processed by the processing unit on the basis  of 

the difference between the position of the region t o be 

processed and the position of the processed groove.  

        The processing apparatus according to one a spect of 

the present invention can image the workpiece throu gh the 

holding member by the imaging unit in a state in wh ich 

the imaging unit is positioned in a region that is on the 

lower side of the holding member and is not superim posed 

on the supporting member, by moving the chuck table  by 

the moving mechanism.  It is thus possible to perfo rm 

positioning between the imaging unit and the holdin g 

member without separately providing a moving mechan ism 

for moving the imaging unit in a horizontal directi on.  

The processing apparatus can therefore be miniaturi zed.  

In addition, in the above-described processing appa ratus, 

the angle control mechanism is disposed on the lowe r side 

of the chuck table.  Therefore, the installation ar ea of 

the processing apparatus is reduced as compared wit h a 

structure in which the angle control mechanism is 

disposed on a side of the chuck table, for example.  
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        The above and other objects, features and 

advantages of the present invention and the manner of 

realizing them will become more apparent, and the 

invention itself will best be understood from a stu dy of 

the following description and appended claims with 

reference to the attached drawings showing a prefer red 

embodiment of the invention. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

        FIG. 1 is a perspective view depicting a la ser 

processing apparatus; 

        FIG. 2A is a perspective view depicting a 

workpiece; 

        FIG. 2B is a perspective view depicting the  

workpiece supported by a frame; 

        FIG. 3A is a plan view depicting a chuck ta ble; 

        FIG. 3B is a partially sectional side view 

depicting the chuck table; 

        FIG. 4A is a plan view depicting a chuck ta ble; 

        FIG. 4B is a partially sectional side view 

depicting the chuck table; 

        FIG. 5 is a partially sectional side view d epicting 

a chuck table fitted with a positioning member; 

        FIG. 6A is a partially sectional side view 
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depicting the workpiece held by the chuck table; 

        FIG. 6B is an image diagram depicting an im age 

obtained by an imaging unit; 

        FIG. 7A is a partially sectional side view 

depicting the workpiece held by the chuck table; 

        FIG. 7B is an image diagram depicting image s 

obtained by imaging units; 

        FIG. 8A is a plan view depicting an undersu rface 

side of the workpiece imaged by the imaging unit; 

        FIG. 8B is a bottom view depicting a top su rface 

side of the workpiece imaged by the imaging unit; 

        FIG. 8C is a bottom view depicting the top surface 

side of the workpiece processed along planned divid ing 

lines; 

        FIG. 9A is a bottom view depicting the top surface 

side of the workpiece with a first outer circumfere ntial 

region imaged by the imaging unit; and 

        FIG. 9B is a bottom view depicting the top surface 

side of the workpiece with a second outer circumfer ential 

region imaged by the imaging unit. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

        An embodiment according to one aspect of th e 

present invention will hereinafter be described wit h 
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reference to the accompanying drawings.  FIG. 1 is a 

perspective view depicting a laser processing appar atus 2 

as an example of configuration of a processing appa ratus 

according to the present embodiment. 

        The laser processing apparatus 2 includes a  base 4 

supporting each constituent element constituting th e 

laser processing apparatus 2.  A top surface (upper  

surface) 4a of the base 4 is formed substantially 

parallel with an X-axis direction (first horizontal  

direction) and a Y-axis direction (second horizonta l 

direction).  In addition, in the base 4, a supporti ng 

structure 6 in a rectangular parallelepipedic shape  is 

disposed along a Z-axis direction (a vertical direc tion 

or an upward-downward direction). 

        A moving mechanism (moving unit) 8 is provi ded on 

the top surface 4a of the base 4.  The moving mecha nism 8 

includes a pair of Y-axis guide rails 10 arranged 

substantially in parallel with the Y-axis direction .  A Y-

axis moving table 12 is mounted on the pair of Y-ax is 

guide rails 10 in a state of being slidable along t he Y-

axis guide rails 10.  A nut portion (not depicted) is 

provided on the undersurface (lower surface) side o f the 

Y-axis moving table 12.  A Y-axis ball screw 14 dis posed 

substantially in parallel with the pair of Y-axis g uide 
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rails 10 is screwed into the nut portion.  In addit ion, a 

Y-axis pulse motor 16 is coupled to one end portion  of 

the Y-axis ball screw 14.  When the Y-axis ball scr ew 14 

is rotated by the Y-axis pulse motor 16, the Y-axis  

moving table 12 moves in the Y-axis direction along  the 

pair of Y-axis guide rails 10. 

        A pair of X-axis guide rails 18 arranged 

substantially in parallel with the X-axis direction  is 

provided on the top surface (upper surface) side of  the 

Y-axis moving table 12.  An X-axis moving table 20 is 

mounted on the pair of X-axis guide rails 18 in a s tate 

of being slidable along the X-axis guide rails 18.  A nut 

portion (not depicted) is provided on the undersurf ace 

(lower surface) side of the X-axis moving table 20.   An X-

axis ball screw 22 disposed substantially in parall el 

with the pair of X-axis guide rails 18 is screwed i nto 

the nut portion.  In addition, an X-axis pulse moto r 24 is 

coupled to one end portion of the X-axis ball screw  22.  

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

pulse motor 24, the X-axis moving table 20 moves in  the 

X-axis direction along the pair of X-axis guide rai ls 18. 

        A chuck table (holding table) 26 for holdin g a 

workpiece 11 (see FIG. 2A) is disposed on the top s urface 

(upper surface) side of the X-axis moving table 20.   The 
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upper surface of the chuck table 26 constitutes a h olding 

surface 26a holding the workpiece 11.  The holding surface 

26a is connected to a suction source (not depicted)  via a 

suction passage (not depicted) formed within the ch uck 

table 26.  The workpiece 11 is held under suction b y the 

chuck table 26 by making a negative pressure of the  

suction source act on the holding surface 26a in a state 

in which the workpiece 11 is disposed on the holdin g 

surface 26a of the chuck table 26. 

        FIG. 2A is a perspective view depicting the  

workpiece 11.  The workpiece 11 is, for example, a wafer 

made of silicon or the like and formed in a disk sh ape.  

The workpiece 11 has a top surface 11a and an 

undersurface 11b.  The workpiece 11 is divided into  a 

plurality of regions by planned dividing lines (str eets) 

13 arranged in a lattice manner so as to intersect each 

other.  The regions each have a device 15 such as a n IC, 

an LSI, or an LED (Light Emitting Diode) formed on the 

top surface 11a side of the regions.  Incidentally,  the 

material, shape, structure, size, and the like of t he 

workpiece 11 are not limited.  For example, the wor kpiece 

11 may be a wafer formed of a material such as a 

semiconductor (GaAs, InP, GaN, SiC, or the like) ot her 

than silicon, sapphire, glass, ceramic, resin, or m etal 
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and having any shape and size.  In addition, the ty pe, 

quantity, shape, structure, size, arrangement, and the 

like of the devices 15 are not limited either. 

        In addition, the workpiece 11 may be suppor ted by 

an annular frame for convenience in processing and 

conveyance.  FIG. 2B is a perspective view depictin g the 

workpiece 11 supported by an annular frame 19.  A c ircular 

tape 17 having a larger diameter than the workpiece  11 is 

affixed to the top surface 11a side of the workpiec e 11.  

Thus, the top surface 11a side of the workpiece 11 is 

covered by the tape 17, and the plurality of device s 15 

are protected by the tape 17.  Incidentally, the ma terial 

of the tape 17 is not limited.  The tape 17 is, for  

example, a flexible film obtained by forming a rubb er-

based or acrylic-based adhesive layer (glue layer) on a 

base material formed of a resin such as polyolefin,  

polyvinyl chloride, or polyethylene terephthalate.  An 

outer circumferential portion of the tape 17 is aff ixed 

to the annular frame 19 having a circular opening 1 9a of 

a larger diameter than the workpiece 11 in a centra l 

portion of the annular frame 19.  The workpiece 11 is 

thereby supported by the frame 19 via the tape 17 i n a 

state of being disposed inside the opening 19a. 

        As depictedin FIG. 1, an angle control mech anism 
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(angle control unit) 28 that controls the angle of the 

chuck table 26 in a horizontal direction (XY plane 

direction) is provided on the lower side of the chu ck 

table 26.  The angle control mechanism 28 is provid ed on 

the X-axis moving table 20 of the moving mechanism 8.  The 

lower end side of the chuck table 26 is connected t o the 

angle control mechanism 28.  The angle control mech anism 

28 is, for example, formed by a rotating mechanism 

(rotating unit) that rotates the chuck table 26.  T he 

rotating mechanism has a rotation driving source su ch as 

a motor.  The rotating mechanism rotates the chuck table 

26 about a rotational axis substantially parallel w ith 

the Z-axis direction.  The angle of the chuck table  26 in 

the horizontal direction is thereby controlled. 

        The moving mechanism 8 controls the positio ns of 

the chuck table 26 and the angle control mechanism 28 in 

a direction parallel with the holding surface 26a o f the 

chuck table 26 (horizontal direction).  Specificall y, when 

the X-axis moving table 20 is moved along the X-axi s 

direction, the chuck table 26 and the angle control  

mechanism 28 move along the X-axis direction.  In a ddition, 

when the Y-axis moving table 12 is moved along the Y-axis 

direction, the chuck table 26 and the angle control  

mechanism 28 move along the Y-axis direction.  
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Incidentally, the moving mechanism 8 is provided wi th an 

X-axis detecting unit (not depicted) detecting the 

position of the X-axis moving table 20 in the X-axi s 

direction and a Y-axis detecting unit (not depicted ) 

detecting the position of the Y-axis moving table 1 2 in 

the Y-axis direction.  The X-axis detecting unit an d the 

Y-axis detecting unit identify the position of the chuck 

table 26 in the horizontal direction. 

        In addition, the laser processing apparatus  2 

includes a columnar supporting arm 30 that projects  

forward from the front surface side of the supporti ng 

structure 6.  Disposed at an end portion of the sup porting 

arm 30 is a processing unit (laser irradiating unit ) 32 

that processes the workpiece 11 by irradiating the 

workpiece 11 held by the chuck table 26 with a lase r beam.  

The processing unit 32 includes a laser oscillator (not 

depicted) such as a YAG laser or a YVO 4 laser and a 

condenser (not depicted) that condenses the laser b eam 

oscillated from the laser oscillator.  Incidentally , the 

wavelength of the laser beam applied from the proce ssing 

unit 32 is not limited and is set as appropriate 

according to the purpose of laser processing.  For example, 

when the workpiece 11 is subjected to ablation proc essing, 

the wavelength of the laser beam is set such that a t 
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least a part of the laser beam is absorbed by the 

workpiece 11.  In this case, a laser beam absorbabl e by 

the workpiece 11 is applied.  In addition, the cond enser 

condenses the laser beam oscillated from the laser 

oscillator to a predetermined position of the workp iece 

11 held by the chuck table 26. 

        The workpiece 11 is subjected to laser proc essing 

by application of the laser beam from the processin g unit 

32 to the chuck table 26 in a state in which the ch uck 

table 26 holds the workpiece 11.  Incidentally, the  

movement and angle of the chuck table 26 at a time of the 

application of the laser beam are controlled accord ing to 

the shape of a region to be processed (processing t arget 

region) in the workpiece 11.  Specifically, the mov ing 

mechanism 8 moves the chuck table 26 and the proces sing 

unit 32 relative to each other along a direction pa rallel 

with the holding surface 26a of the chuck table 26.   In 

addition, the angle control mechanism 28 adjusts th e 

angle of the chuck table 26 by rotating the chuck t able 

26, for example.  The workpiece 11 is, for example,  

divided along the planned dividing lines 13 by abla tion 

processing using the processing unit 32.  In this c ase, a 

processing trace (cut groove) 11c (see FIG. 6A) rea ching 

the undersurface 11b from the top surface 11a is fo rmed 
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in the workpiece 11 along the planned dividing line s 13.  

In addition, a processed groove 11d (see FIG. 7A) h aving 

a depth less than the thickness of the workpiece 11  can 

also be formed on the undersurface 11b side of the 

workpiece 11 along the planned dividing lines 13 by  

ablation processing. 

        In addition, a moving mechanism (moving uni t) 34 

fixed to the front surface side of the supporting 

structure 6 is provided below the supporting arm 30 .  The 

moving mechanism 34 includes a pair of Z-axis guide  rails 

36 arranged substantially in parallel with the Z-ax is 

direction.  A tabular Z-axis moving plate 38 is sli dably 

mounted on the pair of Z-axis guide rails 36.  A nu t 

portion (not depicted) is provided to a side of the  Z-

axis moving plate 38 facing the Z-axis guide rails 36.  A 

Z-axis ball screw 40 disposed substantially in para llel 

with the pair of Z-axis guide rails 36 is screwed i nto 

the nut portion.  A Z-axis pulse motor 42 is couple d to 

one end portion of the Z-axis ball screw 40.  When the Z-

axis ball screw 40 is rotated by the Z-axis pulse m otor 

42, the Z-axis moving plate 38 moves in the Z-axis 

direction along the pair of Z-axis guide rails 36. 

        A columnar supporting arm 44 projecting for ward 

from the Z-axis moving plate 38 is fixed to the fro nt 
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surface side of the Z-axis moving plate 38.  In add ition, 

an imaging unit (a lower side imaging unit or a fir st 

imaging unit) 46 imaging the workpiece 11 held by t he 

chuck table 26, from a lower side, is provided to a n 

upper surface side of an end portion (front end por tion) 

of the supporting arm 44.  FIG. 1 depicts an exampl e in 

which the imaging unit 46 is formed by a low 

magnification camera 46a and a high magnification c amera 

46b.  The imaging unit 46 may perform imaging by us ing one 

of the low magnification camera 46a and the high 

magnification camera 46b or may perform imaging by using 

both the low magnification camera 46a and the high 

magnification camera 46b.  Each of the low magnific ation 

camera 46a and the high magnification camera 46b is , for 

example, formed by a visible light camera, an infra red 

camera, or the like.  The moving mechanism 34 moves  the 

imaging unit 46 along a direction perpendicular to the 

holding surface 26a of the chuck table 26 (Z-axis 

direction).  The height (position in the Z-axis dir ection) 

of the imaging unit 46 is thereby controlled. 

        In addition, an imaging unit (an upper side  imaging 

unit or a second imaging unit) 48 imaging the workp iece 

11 held by the chuck table 26, from an upper side, is 

installed at a position adjacent to the processing unit 
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32 on the end portion of the supporting arm 30.  Th e 

imaging unit 48 is, for example, formed by a visibl e 

light camera, an infrared camera, or the like.  

Incidentally, the supporting arm 30 may be connecte d to a 

moving mechanism (not depicted) that moves the supp orting 

arm 30 along the horizontal direction or the vertic al 

direction.  In this case, the positions of the proc essing 

unit 32 and the imaging unit 48 are controlled by t he 

moving mechanism. 

        In addition, the laser processing apparatus  2 

includes a control section (control unit) 50 that 

controls the operation of each constituent element 

constituting the laser processing apparatus 2.  Eac h of 

the constituent elements (the moving mechanism 8, t he 

chuck table 26, the angle control mechanism 28, the  

processing unit 32, the moving mechanism 34, the im aging 

unit 46, the imaging unit 48, and the like) of the laser 

processing apparatus 2 is connected to the control 

section 50, so that operation of each of the consti tuent 

elements is controlled by the control section 50. T he 

control unit 50 is configured by, for example, a co mputer. 

        The laser processing apparatus 2 images the  

workpiece 11 by the imaging unit 46 disposed on the  lower 

side of the chuck table 26 and performs positioning  
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between the workpiece 11 and the processing unit 32 .  In 

addition, the chuck table 26 is configured such tha t the 

imaging unit 46 disposed on the lower side of the c huck 

table 26 can image the workpiece 11.  FIG. 3A is a plan 

view depicting the chuck table 26.  FIG. 3B is a pa rtially 

sectional side view depicting the chuck table 26.  

Incidentally, FIG. 3B also depicts the workpiece 11  held 

by the chuck table 26. 

        The chuck table 26 includes a disk-shaped h olding 

member 60 that is formed of a transparent body and holds 

the workpiece 11, and a cylindrical supporting memb er 62 

that supports the holding member 60 from below.  Th e 

supporting member 62 projects downward from a centr al 

portion of the holding member 60.  The lower end si de of 

the supporting member 62 is connected to the angle 

control mechanism 28.  Incidentally, the holding me mber 60 

and the supporting member 62 are, for example, 

concentrically arranged as viewed in plan. 

        The holding member 60 has an upper surface 60a and 

a lower surface 60b formed substantially in paralle l with 

each other.  The upper surface 60a of the holding m ember 

60 corresponds to the holding surface 26a of the ch uck 

table 26 (see FIG. 1).  The upper end side of the 

supporting member 62 is connected to the lower surf ace 
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60b side of the holding member 60.  When the suppor ting 

member 62 is rotated by the angle control mechanism  28, 

the holding member 60 rotates about a rotational ax is 

substantially parallel with the Z-axis direction.  A 

recessed portion 60c that is circular as viewed in plan 

is formed in a central portion on the upper surface  60a 

side of the holding member 60.  A porous member 64 formed 

of a porous ceramic or the like is fitted into the 

recessed portion 60c.  In addition, the recessed po rtion 

60c is connected to a suction source 68 via a sucti on 

passage provided within the holding member 60, the 

supporting member 62, and the angle control mechani sm 28 

and a valve 66. 

        The workpiece 11 is, for example, disposed on the 

holding member 60 such that the top surface 11a sid e of 

the workpiece 11 is opposed to the upper surface 60 a of 

the holding member 60 and such that the undersurfac e 11b 

side of the workpiece 11 is exposed upward.  Incide ntally, 

when the chuck table 26 holds the top surface 11a s ide of 

the workpiece 11 having the devices 15 (see FIG. 2A ) 

formed thereon, a protective member (protecting she et) 

formed by a resin or the like may be affixed to the  top 

surface 11a side of the workpiece 11.  The top surf ace 11a 

side of the workpiece 11 is thereby covered by the 
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protective member, so that the devices 15 are prote cted.  

When the valve 66 is opened in a state in which the  

workpiece 11 is disposed on the holding member 60, a 

negative pressure acts on the upper surface 60a sid e of 

the holding member 60 via the porous member 64, so that 

the workpiece 11 is held under suction by the chuck  table 

26.  While FIG. 3A and FIG. 3B depict an example in  which 

the holding member 60 is formed in a circular shape  as 

viewed in plan so as to correspond to the shape of the 

workpiece 11, the shape of the holding member 60 ca n be 

changed as appropriate according to the shape of th e 

workpiece 11. 

        Here, the diameter of the supporting member  62 is 

smaller than the diameter of the holding member 60.   A 

region 70 superimposed on the holding member 60 but  not 

superimposed on the supporting member 62 is therefo re 

formed below the holding member 60.  In the chuck t able 26 

depicted in FIG. 3B, the region 70 is formed so as to 

surround the supporting member 62 and is superimpos ed at 

least on an outer circumferential portion of the 

workpiece 11.  The imaging unit 46 is disposed in t he 

region 70 by controlling the positions of the chuck  table 

26 and the angle control mechanism 28 by the moving  

mechanism 8 (see FIG. 1).  The imaging unit 46 then  images 
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the workpiece 11 through the holding member 60.  As  

depicted in FIG. 3B, when the top surface 11a side of the 

workpiece 11 is opposed to the upper surface 60a of  the 

holding member 60, the imaging unit 46 images the t op 

surface 11a side of the workpiece 11.  When the ima ging 

unit 46 images the workpiece 11, a distance between  the 

imaging unit 46 and the workpiece 11 is adjusted by  

moving the imaging unit 46 along the vertical direc tion 

by the moving mechanism 34.  It is thereby possible  to 

focus the imaging unit 46 and obtain a clear image.  

        Incidentally, the material of the holding m ember 60 

is selected as appropriate according to the type of  the 

imaging unit 46.  In a case where the imaging unit 46 is 

formed by a visible light camera, for example, the 

holding member 60 is formed by a member that transm its 

visible light.  In addition, in a case where the im aging 

unit 46 is formed by an infrared camera, the holdin g 

member 60 is formed by a member that transmits infr ared 

rays.  Specific examples of the material of the hol ding 

member 60 include quartz glass, borosilicate glass,  

sapphire, calcium fluoride, lithium fluoride, magne sium 

fluoride, and the like. 

        By imaging the workpiece 11 by the imaging unit 46 

through the holding member 60 from below the holdin g 
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member 60 as described above, it is possible to ima ge the 

top surface 11a side of the workpiece 11 covered by  the 

upper surface 60a of the holding member 60.  The to p 

surface 11a side of the workpiece 11 can therefore be 

observed even when a metallic layer or the like is formed 

on the undersurface 11b side of the workpiece 11 or  

within the workpiece 11, for example. 

        Incidentally, the upper surface 60a side of  the 

holding member 60 may be formed in a pear-skin shap e 

having irregular projections and depressions.  

Alternatively, minute grooves coupled to the recess ed 

portion 60c may be formed on the upper surface 60a side 

of the holding member 60.  In this case, when the 

workpiece 11 is disposed on the holding member 60, gaps 

are formed between the workpiece 11 and the upper s urface 

60a of the holding member 60, and the negative pres sure 

of the suction source 68 acts on the whole of the t op 

surface 11a side of the workpiece 11 via the gaps.  The 

workpiece 11 can thereby be held under suction secu rely 

by the chuck table 26. 

        However, the projections and depressions an d the 

grooves described above are not necessarily require d to 

be formed on the whole of the upper surface 60a sid e of 

the holding member 60.  That is, the holding member  60 may 
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have a region in which the projections and depressi ons or 

the grooves described above are not formed (flat re gion).  

This flat region is, for example, provided in a ban d 

shape from the center of the holding member 60 to t he 

outer peripheral edge of the holding member 60.  Mo re 

specifically, four band-shaped flat regions are pro vided 

at substantially equal intervals along the 

circumferential direction of the holding member 60 (cross 

shape as viewed in plan).  When the top surface 11a  side 

of the workpiece 11 is imaged by the imaging unit 4 6, the 

imaging unit 46 is positioned so as to be superimpo sed on 

the flat region of the holding member 60.  It is th ereby 

possible to prevent imaging from being obstructed b y the 

projections and depressions or the minute grooves a nd to 

obtain a clear image, when the imaging unit 46 imag es the 

workpiece 11 through the holding member 60. 

        Incidentally, the imaging unit 46 cannot be  

disposed in a region in which the supporting member  62 is 

disposed, and it is difficult for the imaging unit 46 to 

image a region of the workpiece 11 which region is 

superimposed on the supporting member 62.  Therefor e, in a 

region of the holding member 60 which region is 

superimposed on the supporting member 62, the flat 

regions may not be provided but projections and 
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depressions or grooves may be formed.  In this case , the 

region of the workpiece 11 which region is superimp osed 

on the supporting member 62 is surely sucked.  For example, 

the holding member 60 is provided with a band-shape d flat 

region along a first direction (for example, the X- axis 

direction) and a band-shaped flat region along a se cond 

direction (for example, the Y-axis direction) 

intersecting the first direction such that the flat  

regions intersect each other and are not superimpos ed on 

the supporting member 62. 

        In addition, when the workpiece 11 is image d by the 

imaging unit 46, the imaging unit 46 can be positio ned in 

the region 70 by moving the chuck table 26 by the m oving 

mechanism 8 (see FIG. 1).  It is therefore possible  to 

perform positioning between the imaging unit 46 and  the 

holding member 60 without separately providing a mo ving 

mechanism for moving the imaging unit 46 in the 

horizontal direction.  Thus, the laser processing 

apparatus 2 can be miniaturized.  Further, in the l aser 

processing apparatus 2, as depicted in FIG. 3B, the  angle 

control mechanism 28 is disposed on the lower side of the 

chuck table 26 so as to be superimposed on the chuc k 

table 26.  Therefore, the installation area of the laser 

processing apparatus 2 is reduced as compared with a case 
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where the rotating mechanism rotating the chuck tab le 26 

is disposed on a side of the chuck table 26, for ex ample. 

        Incidentally, the structure of the chuck ta ble 26 

can be changed as appropriate insofar as the workpi ece 11 

can be imaged by the imaging unit 46.  FIG. 4A is a  plan 

view depicting a chuck table (holding table) 80.  F IG. 4B 

is a partially sectional side view depicting the ch uck 

table 80.  The laser processing apparatus 2 can use  the 

chuck table 80 in place of the chuck table 26 depic ted in 

FIG. 3A and FIG. 3B.  The chuck table 80 includes a  disk-

shaped holding member 82 that is formed by a transp arent 

body and holds the workpiece 11, an outer circumfer ence 

holding member 84 that holds at least an outer 

circumferential portion of the holding member 82, a nd a 

supporting member 90 that supports the outer 

circumference holding member 84 from a lower side. 

        The holding member 82 includes an upper sur face 82a, 

a lower surface 82b, and a recessed portion 82c for med in 

a central portion on the upper surface 82a side.  A  porous 

member 92 is fitted into the recessed portion 82c.  

Incidentally, the shape, material, and the like of the 

holding member 82 are similar to those of the holdi ng 

member 60 of the chuck table 26 (see FIG. 3A and FI G. 3B).  

The recessed portion 82c of the holding member 82 i s 
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connected to a suction source 96a via a suction pas sage 

formed within the outer circumference holding membe r 84, 

the supporting member 90, and the angle control mec hanism 

28 and a valve 94a. 

        The outer circumference holding member 84 i ncludes 

an annular upper member 86 and an annular lower mem ber 88 

formed with substantially the same diameter as the upper 

member 86 and disposed on the lower side of the upp er 

member 86.  Incidentally, the upper member 86 and t he 

lower member 88 may be formed integrally with each other 

or may be formed separately from each other.  The u pper 

member 86 has an opening 86c that penetrates the up per 

member 86 from an upper surface 86a to a lower surf ace 

86b.  The opening 86c is formed in such a size as t o be 

able to house the holding member 82 therewithin and  is, 

for example, formed in a circular shape having 

substantially the same diameter as the holding memb er 82.  

In addition, the thickness of the upper member 86 i s set 

to be substantially the same as the thickness of th e 

holding member 82.  The lower member 88 has an open ing 88c 

that penetrates the lower member 88 from an upper s urface 

88a to a lower surface 88b.  The diameter of the op ening 

88c is set smaller than the diameter of the holding  

member 82 and the diameter of the opening 86c of th e 
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upper member 86.  In addition, the lower member 88 has a 

plate-shaped supporting portion 88d reaching a cent ral 

portion of the lower member 88 from an outer 

circumferential portion of the lower member 88.  Th e 

supporting portion 88d is, for example, formed in a  

sectorial shape as viewed in plan so as to be decre ased 

in width from the outer circumferential portion to the 

central portion of the lower member 88. 

        The supporting member 90 is connected to th e lower 

surface 88b side of the lower member 88.  The suppo rting 

member 90 supports at least a part of the outer 

circumferential portion of the outer circumference 

holding member 84 (lower member 88).  For example, an 

upper surface 90a of the supporting member 90 is fo rmed 

in a sectorial shape so as to correspond to the low er 

surface of the supporting portion 88d of the lower member 

88, and the supporting member 90 supports a sectori al 

region extending from the center to the outer 

circumferential portion of the outer circumference 

holding member 84 (lower member 88).  The lower end  side 

of the supporting member 90 is connected to the ang le 

control mechanism 28.  In addition, the supporting member 

90 is formed in a shape decreased in width (diamete r) 

downward from the upper surface 90a side.  Further,  the 
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supporting member 90 is formed in a shape increased  in 

thickness (length in a height direction) toward a c entral 

portion thereof from an outer circumferential porti on 

thereof. 

        In addition, an annular suction hole 86d th at 

vertically penetrates the upper member 86 is formed  in an 

outer circumferential portion of the upper member 8 6 (a 

region in which the opening 86c is not formed).  Th e 

suction hole 86d is connected to a suction source 9 6b via 

a suction passage formed within the lower member 88 , the 

supporting member 90, and the angle control mechani sm 28 

and a valve 94b.  In addition, a plurality of reces sed 

portions 88e are formed on the upper surface 88a si de of 

the supporting portion 88d of the lower member 88.  The 

recessed portions 88e are connected to a suction so urce 

96c via a suction passage formed in the lower membe r 88, 

the supporting member 90, and the angle control mec hanism 

28 and a valve 94c. 

        When the valve 94c is opened in a state in which 

the holding member 82 is fitted in the opening 86c of the 

upper member 86, the negative pressure of the sucti on 

source 96c acts on the lower surface 82b side of th e 

holding member 82.  The holding member 82 is thereb y held 

under suction by the outer circumference holding me mber 
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84, in a state in which at least the outer 

circumferential portion of the holding member 82 is  

supported by the upper surface 88a of the lower mem ber 88.  

In addition, when the supporting member 90 is rotat ed by 

the angle control mechanism 28, the holding member 82 and 

the outer circumference holding member 84 rotate ab out a 

rotational axis substantially parallel with the Z-a xis 

direction.  Incidentally, when the outer circumfere nce 

holding member 84 holds the holding member 82, the 

supporting portion 88d is superimposed on a part of  the 

holding member 82 and supports the holding member 8 2.  In 

addition, a part of the lower surface 82b side of t he 

holding member 82 is exposed downward through the o pening 

88c of the lower member 88. 

        The chuck table 80 holds the workpiece 11 s upported 

by the frame 19 (see FIG. 2B).  The workpiece 11 is , for 

example, disposed on the holding member 82 such tha t the 

top surface 11a side (tape 17 side) is opposed to t he 

upper surface 82a of the holding member 82 and such  that 

the undersurface 11b side is exposed upward.  At th is time, 

the workpiece 11 is superimposed on the recessed po rtion 

82c of the holding member 82 with the tape 17 inter posed 

therebetween, and the frame 19 is superimposed on t he 

suction hole 86d of the upper member 86 with the ta pe 17 
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interposed therebetween.  When the valve 94a and th e valve 

94b are opened in this state, the negative pressure s of 

the suction source 96a and the suction source 96b a ct on 

the tape 17.  The chuck table 80 thereby holds unde r 

suction the workpiece 11 and the frame 19 via the t ape 17. 

        Incidentally, a region 98 superimposed on t he 

holding member 82 but not superimposed on the suppo rting 

member 90 is formed below the holding member 82.  I n 

addition, the imaging unit 46 is disposed in the re gion 

98 by controlling the positions of the chuck table 80 and 

the angle control mechanism 28 by the moving mechan ism 8 

(see FIG. 1).  The imaging unit 46 then images the 

workpiece 11 through the opening 88c of the lower m ember 

88 and the holding member 82.  The imaging unit 46,  for 

example, images the top surface 11a side of the out er 

circumferential portion of the workpiece 11.  Then,  the 

control section 50 (see FIG. 1) performs positionin g 

(alignment) between the workpiece 11 held by the ch uck 

table 26 or the chuck table 80 and the processing u nit 32, 

on the basis of an image obtained by the imaging un it 46. 

        Incidentally, as depicted in FIG. 1, the la ser 

processing apparatus 2 includes the imaging unit 48  in 

addition to the imaging unit 46.  The positioning b etween 

the workpiece 11 and the processing unit 32 can als o be 
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performed by using both the imaging unit 46 and the  

imaging unit 48.  In a case where the alignment is 

performed by using the imaging unit 46 and the imag ing 

unit 48, the positioning between the imaging unit 4 6 and 

the imaging unit 48 is first performed.  The positi oning 

between the imaging unit 46 and the imaging unit 48  is 

performed by making a position in the horizontal 

direction (XY plane direction) of a region to be im aged 

by the imaging unit 46 coincide with a position in the 

horizontal direction of a region to be imaged by th e 

imaging unit 48.  A positioning member provided wit h a 

target (alignment mark) for the positioning, for ex ample, 

can be used for the positioning between the imaging  unit 

46 and the imaging unit 48. 

        FIG. 5 is a partially sectional side view d epicting 

the chuck table 26 to which a positioning member 11 0 is 

fitted.  The positioning member 110 is connected to  the 

chuck table 26 depicted in FIG. 5 via a connecting member 

114.  The positioning member 110 is, for example, f ormed 

by a transparent body in a rectangular parallelepip edic 

shape.  The positioning member 110 is fixed to a si de of 

the holding member 60.  The material of the positio ning 

member 110 is, for example, similar to that of the 

holding member 60.  A target (alignment mark) 112 s erving 
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as a mark for the positioning between the imaging u nit 46 

and the imaging unit 48 is set on an upper surface 110a 

side of the positioning member 110.  The target 112  can be 

imaged by the imaging unit 46 and the imaging unit 48.  

The target 112, for example, corresponds to a color ed 

region on the upper surface 110a side of the positi oning 

member 110. 

        Incidentally, a method of setting the targe t 112 is 

not limited as long as the imaging unit 46 and the 

imaging unit 48 can image the target 112.  For exam ple, 

the target 112 may be a member constituted of a met al or 

the like formed on the upper surface 110a side of t he 

positioning member 110 or may be a through hole tha t 

penetrates the positioning member 110 from the uppe r 

surface 110a to a lower surface 110b of the positio ning 

member 110.  In addition, targets 112 may be set on  the 

upper surface 110a side and the lower surface 110b side 

of the positioning member 110 so as to be superimpo sed on 

each other. 

        The target 112 is imaged from a lower side by the 

imaging unit 46 and is imaged from an upper side by  the 

imaging unit 48.  Then, the positioning between the  

imaging unit 46 and the imaging unit 48 is performe d such 

that the position of the target 112 displayed in an  image 
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obtained by the imaging unit 46 coincides with the 

position of the target 112 displayed in an image ob tained 

by the imaging unit 48.  This positioning is perfor med by 

the control section 50 (see FIG. 1) of the laser 

processing apparatus 2, for example.  The positioni ng 

between the imaging unit 46 and the imaging unit 48  may 

be performed by adjusting the position of the imagi ng 

unit 48 by the moving mechanism (not depicted) conn ected 

to the imaging unit 48 or may be performed by contr olling 

optical systems of the imaging unit 46 and the imag ing 

unit 48.  In addition, this positioning may be perf ormed 

on software.  In this case, for example, the coordi nates 

of the image obtained by the imaging unit 46 and th e 

coordinates of the image obtained by the imaging un it 48 

are corrected according to an amount of displacemen t of 

the position of the target 112. 

        Description will next be made of a specific  example 

of a method of processing the workpiece 11 by using  the 

laser processing apparatus 2.  The following descri ption 

will be made of processing of cutting and dividing the 

workpiece 11 by the application of a laser beam. 

        First, the tape 17 (see FIG. 2B) is affixed  to the 

top surface 11a side of the workpiece 11 (tape affi xing 

step).  Next, the chuck table 26 holds the workpiec e 11 
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via the tape 17 (holding step).  FIG. 6A is a parti ally 

sectional side view depicting the workpiece 11 held  by 

the chuck table 26.  In the holding step, the workp iece 11 

is disposed on the chuck table 26 such that the top  

surface 11a side is opposed to the upper surface 60 a of 

the holding member 60 and such that the undersurfac e 11b 

side is exposed upward.  Incidentally, a pattern la yer 

(functional layer) 21 including various kinds of 

functional films (a conductive film, an insulating film, 

and the like) constituting a plurality of devices 1 5 (see 

FIG. 2B) is formed on the top surface 11a side of t he 

workpiece 11.  In addition, FIG. 6A depicts the wor kpiece 

11 having a metallic layer 23 formed on the undersu rface 

11b side. 

        Next, a region to be processed in the workp iece 11 

is identified by imaging the top surface 11a side o f the 

workpiece 11 through the holding member 60 by the i maging 

unit 46 located in a region that is on the lower si de of 

the holding member 60 and that is not superimposed on the 

supporting member 62 (identifying step).  In the 

identifying step, first, the imaging unit 46 is 

positioned below the supporting member 62 by the mo ving 

mechanism 34 (see FIG. 1 and the like).  Then, the imaging 

unit 46 is disposed in a position superimposed on t he 
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holding member 60 but not superimposed on the suppo rting 

member 62 by moving the chuck table 26 and the angl e 

control mechanism 28 in the horizontal direction by  the 

moving mechanism 8 (see FIG. 1).  Next, the imaging  unit 

46 images the top surface 11a side of the workpiece  11 

through the holding member 60.  An enlarged image o f 

planned dividing lines 13 and devices 15 (see FIG. 2B), 

for example, is thereby obtained.  The region to be  

processed by the processing unit 32 (see FIG. 1) in  the 

workpiece 11 is identified on the basis of the imag e.  

This region is, for example, set along the center o f the 

planned dividing line 13. 

        Next, the processing unit 32 cuts the workp iece 11 

along the region to be processed (processing target  

region) (processing step).  In the processing step,  first, 

the length direction of the planned dividing line 1 3 of 

the workpiece 11 is aligned with the X-axis directi on.  In 

addition, positional relation between the processin g unit 

32 and the chuck table 26 is adjusted so that the l aser 

beam is applied to the processing target region of the 

workpiece 11.  Then, the chuck table 26 is moved in  the X-

axis direction while the laser beam is applied from  the 

processing unit 32 to the undersurface 11b side of the 

workpiece 11.  The laser beam is thereby applied al ong the 
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planned dividing line 13.  Incidentally, laser beam  

application conditions (position of a condensing po int, 

power, a spot diameter, a repetition frequency, the  

number of times of application, and the like) are s et 

such that the workpiece 11 is cut along the planned  

dividing line 13.  As a result, a processing trace (cut 

groove) 11c reaching the top surface 11a from the 

undersurface 11b of the workpiece 11 is formed in t he 

workpiece 11. 

        Next, the imaging unit 46 located in a regi on that 

is on the lower side of the holding member 60 and i s not 

superimposed on the supporting member 62 images the  top 

surface 11a side of the workpiece 11 through the ho lding 

member 60, and a difference between the position of  the 

region to be processed and the position of the proc essing 

trace 11c is detected (detecting step).  In the det ecting 

step, first, the imaging unit 46 is disposed in a 

position superimposed on the holding member 60 but not 

superimposed on the supporting member 62 by a proce dure 

similar to the above-described identifying step.  T hen, 

the imaging unit 46 images the top surface 11a side  of 

the workpiece 11.  FIG. 6B is an image diagram depi cting 

an image 120 obtained by the imaging unit 46.  The image 

120 depicts devices 15 formed on the top surface 11 a side 
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of the workpiece 11 and a linear processing trace 1 1c 

formed by the processing unit 32 (see FIG. 1). 

        Next, the position A 1 of the region to be processed 

and the position A 2 of the processing trace 11c are 

detected.  For example, a central position in the w idth 

direction of the planned dividing line 13, that is,  a 

position at equal distances from the two devices 15  

adjacent to each other, is detected as the position  A 1.  

In addition, for example, a central position in the  width 

direction of the processing trace 11c is detected a s the 

position A 2.  Then, a difference ∆A between the position 

A1 of the region to be processed and the position A 2 of 

the processing trace 11c is detected by the control  

section 50 (see FIG. 1).  This ∆A is stored in a storage 

unit included in the control section 50, as correct ion 

information for correcting, in a subsequent correct ing 

step, the position of the region to be processed.  By this 

detecting step, an amount of displacement between t he 

position of the region to be processed and the posi tion 

of an actually processed region is identified. 

        Next, the position of the workpiece 11 to b e 

processed by the processing unit 32 is corrected on  the 

basis of the difference ∆A between the position A 1 of the 

region to be processed and the position A 2 of the 
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processing trace 11c (position correcting step).  T his 

position correcting step is, for example, performed  after 

a predetermined number of processing traces 11c are  

formed or before processing of another workpiece 11  is 

started after processing of one workpiece 11 is com pleted.  

In the position correcting step, ∆A obtained as the 

correction information in the detecting step is ref erred 

to, and the positions of the chuck table 26 and the  

processing unit 32 are shifted by ∆A.  A difference 

between the position of the region to be processed and 

the position of the actually processed region is th ereby 

reduced.  When the processing trace 11c is then for med 

along all of the planned dividing lines 13, the wor kpiece 

11 is divided into a plurality of device chips each  

having a device 15. 

        Incidentally, the above description has bee n made 

of a case where a processing position is corrected on the 

basis of the position of the processing trace 11c 

produced by cutting the workpiece 11.  However, the  

processing position can also be corrected on the ba sis of 

the position of a processed groove 11d (see FIG. 7A ) 

formed on the undersurface 11b side of the workpiec e 11 

to a depth not reaching the top surface 11a.  The 

following description will be made of a method of 
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correcting the processing position on the basis of the 

processed groove 11d. 

        First, the chuck table 26 holds the workpie ce 11 

(holding step).  FIG. 7A is a partially sectional s ide 

view depicting the workpiece 11 held by the chuck t able 

26.  In the holding step, the workpiece 11 is dispo sed on 

the chuck table 26 such that the top surface 11a si de is 

opposed to the upper surface 60a of the holding mem ber 60 

and such that the undersurface 11b side is exposed upward.  

The above-described identifying step is thereafter 

performed to identify the region to be processed in  the 

workpiece 11 . 

        Next, the processing unit 32 (see FIG. 1) f orms the 

processed groove 11d in the workpiece 11 along the region 

to be processed (processing step).  In the processi ng step, 

first, the length direction of the planned dividing  line 

13 of the workpiece 11 is aligned with the X-axis 

direction.  In addition, positional relation betwee n the 

processing unit 32 and the chuck table 26 is adjust ed so 

that the laser beam is applied to the region to be 

processed.  Thereafter, the chuck table 26 is moved  in the 

X-axis direction while the laser beam is applied fr om the 

processing unit 32 to the undersurface 11b side of the 

workpiece 11.  The laser beam is thereby applied al ong the 
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planned dividing line 13.  Incidentally, laser beam  

application conditions are set such that the proces sed 

groove 11d having a depth smaller than the thicknes s of 

the workpiece 11 is formed on the undersurface 11b side 

of the workpiece 11. 

        Next, the imaging unit 48 positioned on the  upper 

side of the holding member 60 images the processed groove 

11d, and a difference between the position of the r egion 

to be processed and the position of the processed g roove 

11d is detected (detecting step).  In the detecting  step, 

the imaging unit 48 images the processed groove 11d  from 

the undersurface 11b side of the workpiece 11.  FIG . 7B is 

an image diagram depicting an image 122 obtained by  the 

imaging unit 46 and an image 124 obtained by the im aging 

unit 48.  Incidentally, the image 122 is an image o btained 

by imaging the top surface 11a side of the workpiec e 11 

by the imaging unit 46 in the above-described ident ifying 

step.  However, the top surface 11a side of the wor kpiece 

11 may be imaged by the imaging unit 46 again in th e 

detecting step.  The image 122 indicates devices 15  formed 

on the top surface 11a side of the workpiece 11.  I n 

addition, the image 124 indicates the processed gro ove 

11d formed on the undersurface 11b side (metallic l ayer 

23 side) of the workpiece 11. 
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        Next, the position B 1 of the region to be processed 

and the position B 2 of the processed groove 11d are 

detected.  For example, a central position in the w idth 

direction of the planned dividing line 13, that is,  a 

position at equal distances from the two devices 15  

adjacent to each other, is detected as the position  B 1 on 

the basis of the image 122.  In addition, for examp le, a 

central position in the width direction of the proc essed 

groove 11d is detected as the position B 2 on the basis of 

the image 124.  Then, the control section 50 (see F IG. 1) 

detects a difference ∆B between the position B 1 of the 

region to be processed and the position B 2 of the 

processed groove 11d.  This ∆B is stored in a storage unit 

included in the control section 50, as correction 

information for correcting, in a subsequent correct ing 

step, the position of the region to be processed. 

        Next, the position of the workpiece 11 to b e 

processed by the processing unit 32 is corrected on  the 

basis of the difference ∆B between the position B 1 of the 

region to be processed and the position B 2 of the 

processed groove 11d (position correcting step).  I n the 

position correcting step, ∆B obtained as the correction 

information in the detecting step is referred to, a nd the 

positions of the chuck table 26 and the processing unit 
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32 are shifted by ∆B.  A difference between the position 

of the region to be processed and the actually proc essed 

position can thereby be reduced. 

        Incidentally, positioning between the workp iece 11 

and the processing unit 32 before the performance o f the 

processing of the workpiece 11 can also be performe d by 

using the imaging unit 46 and the imaging unit 48.  The 

following description will be made of a specific ex ample 

of the positioning between the workpiece 11 and the  

processing unit 32. 

        First, the imaging unit 48 provided on the upper 

side of the holding member 60 images the undersurfa ce 11b 

side (upper surface side) of the workpiece 11 held by the 

chuck table 26.  FIG. 8A is a plan view depicting t he 

undersurface 11b side of the workpiece 11 imaged by  the 

imaging unit 48.  The imaging unit 48, for example,  images 

a plurality of outer circumferential regions 130 (f our 

outer circumferential regions in FIG. 8A) of the 

workpiece 11. 

        When the imaging unit 48 obtains images of the 

outer circumferential regions 130 of the workpiece 11, 

the control section 50 (see FIG. 1) detects the 

coordinates of an outer peripheral edge (edge porti on) of 

the workpiece 11 at three or more positions (for ex ample, 
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four positions).  The outer peripheral edge of the 

workpiece 11 is detected by, for example, subjectin g the 

images obtained by the imaging unit 48 to predeterm ined 

image processing (edge detection or the like).  The reafter, 

the control section 50 detects the center coordinat es, 

diameter, and the like of the workpiece 11 on the b asis 

of the coordinates of the outer peripheral edge of the 

workpiece 11.  The shape of the workpiece 11 is the reby 

identified.  In addition, whether or not the workpi ece 11 

is disposed in a desired position on the chuck tabl e 26 

is checked on the basis of the center coordinates o f the 

workpiece 11 and the coordinates of the outer perip heral 

edge. 

        Meanwhile, the imaging unit 46 provided on the 

lower side of the holding member 60 images the top 

surface 11a side (lower surface side) of the workpi ece 11 

held by the chuck table 26.  FIG. 8B is a bottom vi ew 

depicting the top surface 11a side of the workpiece  11 

imaged by the imaging unit 46.  Incidentally, targe ts 

(alignment marks) 132 serving as marks at a time of  

positioning between the workpiece 11 and the proces sing 

unit 32 (see FIG. 1) are set on the top surface 11a  side 

of the workpiece 11.  FIG. 8B depicts, for instance , an 

example in which a pair of targets 132 is set. 
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        For example, the imaging unit 46 images an outer 

circumferential region 134 on the top surface 11a s ide of 

the workpiece 11 from the lower side of the holding  

member 60.  An image obtained by the imaging unit 4 6 

indicates devices 15 and the targets 132 formed on the 

top surface 11a side of the workpiece 11.  Then, on  the 

basis of the positions of the devices 15 and the ta rgets 

132 indicated in the image, the control section 50 (see 

FIG. 1) adjusts the position and angle of the chuck  table 

26 and thereby performs positioning between the wor kpiece 

11 and the processing unit 32.  For example, the an gle of 

the chuck table 26 is adjusted such that the pair o f 

targets 132 set on the workpiece 11 is disposed on one 

straight line parallel with the X-axis direction (s ee FIG. 

1).  In addition, the position of the chuck table 2 6 is 

adjusted such that the position of a planned dividi ng 

line 13 of the workpiece 11 coincides with the 

application position of the laser beam.  The angle of the 

chuck table 26 is controlled by the angle control 

mechanism 28 (see FIG. 1 and the like), and the pos ition 

of the chuck table 26 is controlled by the moving 

mechanism 8 (see FIG. 1).  Incidentally, the dimens ions of 

the device 15, the width of the planned dividing li nes 13, 

and the like may be measured on the basis of the im age 
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obtained by the imaging unit 46.  In this case, int ervals 

of laser application regions or the like can be set  on 

the basis of the actual dimensions of the devices 1 5 and 

the actual width of the planned dividing lines 13. 

        The workpiece 11 is thereafter subjected to  

predetermined processing by application of the lase r beam 

from the processing unit 32 to the undersurface 11b  side 

of the workpiece 11.  FIG. 8C is a bottom view depi cting 

the top surface 11a side of the workpiece 11 proces sed 

along planned dividing lines 13.  The workpiece 11 is, for 

example, divided along the planned dividing lines 1 3 by 

the application of the laser beam. 

        Incidentally, when the positioning between the 

workpiece 11 and the processing unit 32 is performe d, the 

imaging unit 46 may image a plurality of regions of  the 

workpiece 11.  FIG. 9A is a bottom view depicting t he top 

surface 11a side of the workpiece 11 with a first o uter 

circumferential region 136a imaged by the imaging u nit 46.  

FIG. 9B is a bottom view depicting the top surface 11a 

side of the workpiece 11 with a second outer 

circumferential region 136b imaged by the imaging u nit 46. 

        The imaging unit 46 first images the first outer 

circumferential region 136a of the workpiece 11.  T he 

angle of the workpiece 11 is then adjusted on the b asis 
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of an image of the first outer circumferential regi on 

136a which image is obtained by the imaging unit 46  (see 

FIG. 9A).  Here, in a case where the positioning be tween 

the workpiece 11 and the processing unit 32 is perf ormed 

on the basis of an image of a region other than the  first 

outer circumferential region 136a of the workpiece 11, 

the angle control mechanism 28 (see FIG. 1 and the like) 

rotates the chuck table 26 in the first direction ( for 

example, clockwise) by 90°(see FIG. 9B), and the im aging 

unit 46 images the second outer circumferential reg ion 

136b of the workpiece 11.  An image of the second o uter 

circumferential region 136b of the workpiece 11 is 

thereby obtained.  Then, on the basis of the image of the 

second outer circumferential region 136b, the posit ion of 

the chuck table 26 is adjusted, and the positioning  

between the workpiece 11 and the processing unit 32  is 

thereby performed.  After the positioning between t he 

workpiece 11 and the processing unit 32 is complete d, the 

chuck table 26 is rotated by 90° in a second direct ion 

(for example, counterclockwise) opposite from the f irst 

direction to return the angle of the workpiece 11 t o the 

state depicted in FIG. 9A.  The workpiece 11 is the reafter 

processed along the planned dividing lines 13 by be ing 

irradiated with the laser beam (see FIG. 8C). 
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        In addition, even in a case where the proce ssing 

trace 11c (see FIG. 6A) or the processed groove 11d  (see 

FIG. 7A) as a detection target is not formed in a r ange 

that can be imaged by the imaging unit 46 or the im aging 

unit 48 in the above-described detecting step, a de sired 

region of the workpiece 11 can be disposed on the u pper 

side of the imaging unit 46 by rotating the chuck t able 

26 as described above.  The position of the process ing 

trace 11c or the processed groove 11d can thereby b e 

detected in any position of the workpiece 11. 

        As described above, the laser processing ap paratus 

2 according to the present embodiment can image the  

workpiece 11 through the holding member 60 by the i maging 

unit 46 in a state in which the imaging unit 46 is 

positioned in a region that is on the lower side of  the 

holding member 60 and is not superimposed on the 

supporting member 62 by moving the chuck table 26 b y the 

moving mechanism 8.  It is thus possible to perform  

positioning between the imaging unit 46 and the hol ding 

member 60 without separately providing a moving mec hanism 

for moving the imaging unit 46 in the horizontal 

direction.  The laser processing apparatus 2 can th erefore 

be miniaturized.  In addition, in the laser process ing 

apparatus 2, the angle control mechanism 28 is disp osed 
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on the lower side of the chuck table 26.  Therefore , the 

installation area of the laser processing apparatus  2 is 

reduced as compared with a structure in which the a ngle 

control mechanism 28 is disposed on a side of the c huck 

table 26, for example. 

        Incidentally, while FIG. 1 depicts an examp le in 

which one set of the imaging unit 46 is provided in  the 

rear of the moving mechanism 8, the laser processin g 

apparatus 2 may be provided with two or more sets o f the 

imaging unit 46.  For example, a moving mechanism 3 4, a 

supporting arm 44 disposed along the X-axis directi on 

from the moving mechanism 34, and an imaging unit 4 6 

fixed to the supporting arm 44 may be provided on a  side 

of the moving mechanism 8.  A a result, two regions  of the 

workpiece 11 (for example, the first outer 

circumferential region 136a depicted in FIG. 9A and  the 

second outer circumferential region 136b depicted i n FIG. 

9B) can be imaged without the chuck table 26 being 

rotated. 

        In addition, while the above description ha s been 

made of the laser processing apparatus 2 that proce sses 

the workpiece 11 by the application of the laser be am, 

the type of the processing apparatus according to t he 

present invention is not limited.  For example, the  



55 

processing apparatus according to the present inven tion 

may be a cutting apparatus that cuts the workpiece 11.  

The cutting apparatus includes a chuck table that h olds 

the workpiece 11, and a processing unit (cutting un it) 

fitted with an annular cutting blade that cuts the 

workpiece 11 held by the chuck table.  The chuck ta ble 26 

depicted in FIG. 3A and FIG. 3B or the chuck table 80 

depicted in FIG. 4A and FIG. 4B can be used as the chuck 

table of the cutting apparatus. 

        In addition, structures, methods, and the l ike 

according to the foregoing embodiment can be modifi ed and 

carried out as appropriate without departing from t he 

objective scope of the present invention. 

The present invention is not limited to the details  

of the above described preferred embodiment. The sc ope of 

the invention is defined by the appended claims and  all 

changes and modifications as fall within the equiva lence 

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

by the invention. 
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WHAT IS CLAIMED IS: 

1.  A processing apparatus comprising:  

a chuck table configured to hold a workpiece by a 

holding surface;  

a processing unit configured to process the 

workpiece held by the chuck table;  

a moving mechanism configured to move the chuck 

table and the processing unit relative to each othe r 

along a direction parallel with the holding surface  of 

the chuck table;  

an angle control mechanism disposed on the moving 

mechanism and on a lower side of the chuck table, t he 

angle control mechanism controlling an angle of the  chuck 

table; and  

an imaging unit configured to image the workpiece 

held by the chuck table, 

the chuck table including a holding member formed 

by a transparent body and holding the workpiece and  a 

supporting member supporting a part of the holding member 

and connected to the angle control mechanism, 

the processing apparatus moving the chuck table by 

the moving mechanism and imaging the workpiece thro ugh 

the holding member by the imaging unit in a state i n 

which the imaging unit is positioned in a region th at is 
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on a lower side of the holding member and is not 

superimposed on the supporting member. 

        2.  The processing apparatus according to c laim 1, 

wherein 

        the angle control mechanism is a rotating m echanism 

that rotates the chuck table. 

        3.  The processing apparatus according to c laim 1, 

wherein 

        the chuck table further includes an outer 

circumference holding member configured to hold an outer 

circumferential portion of the holding member, and  

        the outer circumference holding member is s upported 

by the supporting member. 

        4.  The processing apparatus according to c laim 1, 

further comprising: 

        an upper side imaging unit configured to im age the 

workpiece held by the chuck table, from an upper si de of 

the holding member. 

        5.  The processing apparatus according to c laim 4, 

further comprising: 

        a positioning member to which a target for 

performing positioning between the imaging unit and  the 

upper side imaging unit is set, wherein 

        the target is imaged by the imaging unit po sitioned 
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on the lower side of the holding member and the upp er 

side imaging unit positioned on the upper side of t he 

holding member. 

        6.  The processing apparatus according to c laim 1, 

further comprising: 

        a moving mechanism configured to move the i maging 

unit along a direction perpendicular to the holding  

surface of the chuck table. 

        7.  A workpiece processing method for proce ssing a 

workpiece by using a processing apparatus,  

        the processing apparatus including  

                a chuck table configured to hold th e 

workpiece by a holding surface,  

                a processing unit configured to pro cess the 

workpiece held by the chuck table,  

                a moving mechanism configured to mo ve the 

chuck table and the processing unit relative to eac h 

other along a direction parallel with the holding s urface 

of the chuck table,  

                an angle control mechanism disposed  on the 

moving mechanism and on a lower side of the chuck t able, 

the angle control mechanism controlling an angle of  the 

chuck table, and  

                an imaging unit configured to image  the 
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workpiece held by the chuck table,  

                the chuck table including a holding  member 

formed by a transparent body and holding the workpi ece 

and a supporting member supporting a part of the ho lding 

member and connected to the angle control mechanism ,  

        the workpiece processing method comprising:   

                a tape affixing step of affixing a tape to a 

top surface side of the workpiece;  

                a holding step of holding the workp iece by 

the chuck table via the tape after the tape affixin g 

step;  

                an identifying step of, after the h olding 

step, imaging the top surface side of the workpiece  

through the holding member by the imaging unit posi tioned 

in a region that is on a lower side of the holding member 

and is not superimposed on the supporting member, a nd 

identifying a region to be processed in the workpie ce, 

                a processing step of cutting the wo rkpiece 

along the region to be processed, by the processing  unit 

after the identifying step;  

                a detecting step of, after the proc essing 

step, imaging the top surface side of the workpiece  

through the holding member by the imaging unit posi tioned 

in the region that is on the lower side of the hold ing 
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member and is not superimposed on the supporting me mber, 

and detecting a difference between a position of th e 

region to be processed and a position of a processi ng 

trace formed in the processing step; and  

                a position correcting step of corre cting a 

position to be processed by the processing unit on a 

basis of the difference between the position of the  

region to be processed and the position of the proc essing 

trace. 

        8.  A workpiece processing method for proce ssing a 

workpiece by using a processing apparatus,  

        the processing apparatus including  

                a chuck table configured to hold th e 

workpiece by a holding surface,  

                a processing unit configured to pro cess the 

workpiece held by the chuck table,  

                a moving mechanism configured to mo ve the 

chuck table and the processing unit relative to eac h 

other along a direction parallel with the holding s urface 

of the chuck table,  

                an angle control mechanism disposed  on the 

moving mechanism and on a lower side of the chuck t able, 

the angle control mechanism controlling an angle of  the 

chuck table, and  
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                a first imaging unit and a second i maging 

unit configured to image the workpiece held by the chuck 

table,  

                the chuck table including a holding  member 

formed by a transparent body and holding the workpi ece 

and a supporting member supporting a part of the ho lding 

member and connected to the angle control mechanism ,  

        the workpiece processing method comprising:   

                a holding step of holding the workp iece by 

the chuck table such that a top surface side of the  

workpiece is opposed to an upper surface of the hol ding 

member;  

                an identifying step of, after the h olding 

step, imaging the top surface side of the workpiece  

through the holding member by the first imaging uni t 

positioned in a region that is on a lower side of t he 

holding member and is not superimposed on the suppo rting 

member, and identifying a region to be processed in  the 

workpiece;  

                a processing step of, after the ide ntifying 

step, forming a processed groove along the region t o be 

processed, on an undersurface side of the workpiece  by 

the processing unit;  

                a detecting step of, after the proc essing 
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step, imaging the processed groove by the second im aging 

unit positioned on an upper side of the holding mem ber, 

and detecting a difference between a position of th e 

region to be processed and a position of the proces sed 

groove; and  

                a position correcting step of corre cting a 

position to be processed by the processing unit, on  a 

basis of the difference between the position of the  

region to be processed and the position of the proc essed 

groove. 


