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LASER PROCESSING APPARATUS 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a laser pr ocessing 

apparatus for processing, with a laser beam, a wafe r 

having a plurality of devices that are formed in 

respective areas on a face side thereof and that ar e 

demarcated by a plurality of intersecting projected  

dicing lines.  

Description of the Related Art 

        Wafers with a plurality of devices, such as  

integrated circuits (ICs), large scale integration (LSI) 

circuits, etc., that are formed in respective areas  on a 

face side thereof and that are demarcated by a plur ality 

of intersecting projected dicing lines are divided into 

individual device chips by a dicing apparatus or a laser 

processing apparatus.  The divided device chips wil l be 

used in electronic appliances including mobile phon es and 

personal computers. 

        The laser processing apparatus includes a c huck 

table for holding a wafer thereon, a laser beam app lying 

unit for applying a laser beam having a wavelength that 

is transmittable through the wafer held on the chuc k 
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table to the wafer while positioning a focused spot  of 

the laser beam within the wafer below projected dic ing 

lines to thereby form modified layers that will act  as 

division initiating points in the wafer, a feed mec hanism 

for processing-feeding the chuck table and the lase r beam 

applying unit relatively to each other, an image 

capturing unit for capturing an image of the wafer,  and a 

control unit.  The laser processing apparatus is ab le to 

divide the wafer into device chips with high accura cy 

(see, for example, Japanese Patent No. 3408805). 

 

SUMMARY OF THE INVENTION 

        In a case where the modified layers are for med 

within the wafer by the laser beam whose focused sp ot is 

positioned within the wafer below the projected dic ing 

lines, the presence of the modified layers cannot e asily 

be confirmed with the naked eye, and whether or not  the 

wafer has been processed cannot be determined.  As a 

result, even if a wafer housed in a cassette has al ready 

been processed, the cassette may be set on the lase r 

processing apparatus for some reason, and the proce ssed 

wafer housed in the cassette may be processed again  with 

a laser beam.  If the laser beam is applied again t o the 

processed wafer with modified layers formed therein  below 
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projected dicing lines thereon, the laser beam is 

irregularly reflected by the already formed modifie d 

layers, tending to damage devices on the wafer and cause 

a large loss.  

        It is therefore an object of the present in vention 

to provide a laser processing apparatus that will n ot 

process again, with a laser beam, a wafer that has 

already been processed.  

        In accordance with an aspect of the present  

invention, there is provided a laser processing app aratus 

for processing, with a laser beam, a wafer having a  

plurality of devices that are formed in respective areas 

on a face side thereof and that are demarcated by a  

plurality of intersecting projected dicing lines, t he 

laser processing apparatus including a cassette pla cing 

stand for placing thereon a cassette housing a plur ality 

of wafers, an unloading/loading mechanism for unloa ding a 

wafer from and loading a wafer into the cassette pl aced 

on the cassette placing stand, a chuck table for 

rotatably holding the wafer unloaded from the casse tte by 

the unloading/loading mechanism, a laser beam apply ing 

unit for applying a laser beam having a wavelength that 

is transmittable through the wafer held on the chuc k 

table to the wafer while positioning a focused spot  of 
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the laser beam within the wafer below projected dic ing 

lines to thereby form modified layers that will act  as 

division initiating points in the wafer, a feed mec hanism 

for processing-feeding the chuck table and the lase r beam 

applying unit relatively to each other, an image 

capturing unit for capturing an image of the wafer,  and a 

control unit for controlling the unloading/loading 

mechanism to orient a mark indicating a crystal 

orientation of a wafer processed by the laser beam 

applying unit in a predetermined direction differen t from 

a direction in which the mark of an unprocessed waf er in 

the cassette is oriented, when the unloading/loadin g 

mechanism houses the processed wafer into the casse tte. 

        Preferably, the control unit includes a dec ision 

section for deciding that, in a case where a mark 

indicating the crystal orientation of a wafer unloa ded 

from the cassette by the unloading/loading mechanis m is 

oriented in a first direction on the basis of an im age of 

the wafer captured by the image capturing unit, the  wafer 

is an unprocessed wafer, and in a case where the ma rk is 

oriented in a second direction different from the f irst 

direction, the wafer is a processed wafer.  Prefera bly, 

the decision section issues warnings when the decis ion 

section decides that the wafer is a processed wafer .  
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        According to the present invention, inasmuc h as the 

control unit controls the unloading/loading mechani sm to 

orient the mark indicating the crystal orientation of the 

wafer processed by the laser beam applying unit in a 

predetermined direction different from the directio n in 

which the mark of an unprocessed wafer in the casse tte is 

oriented when the unloading/loading mechanism house s the 

processed wafer into the cassette, the processed wa fer 

will not be processed again by the laser processing  

apparatus and the devices on the processed wafer wi ll 

thus be prevented from being damaged by the laser b eam 

irregularly reflected by the already formed modifie d 

layers. 

        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 illustrating a  laser 

processing apparatus according to an embodiment of the 
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present invention in its entirety; 

        FIG. 2 is a perspective view of a wafer to be 

processed by the laser processing apparatus illustr ated 

in FIG. 1 and a protective tape; 

        FIG. 3A is a conceptual view illustrating t he 

manner in which an unprocessed wafer is housed in a  

cassette; 

        FIG. 3B is a conceptual view illustrating t he 

manner in which a processed wafer is housed in the 

cassette; 

        FIG. 4 is a perspective view illustrating t he 

manner in which an image of a wafer is captured by an 

image capturing unit; 

        FIG. 5A is a perspective view illustrating the 

manner in which the wafer is processed with a laser  beam; 

        FIG. 5B is a cross-sectional view of the wa fer that 

is being processed with the laser beam; 

        FIG. 6A is a front elevational view illustr ating 

the manner in which an unprocessed wafer whose imag e has 

been captured by the image capturing unit is displa yed on 

a display unit; and 

        FIG. 6B is a front elevational view illustr ating 

the manner in which a processed wafer whose image h as 

been captured by the image capturing unit is displa yed on 
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the display unit. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

        A laser processing apparatus according to a  

preferred embodiment of the present invention will 

hereinafter be described in detail with reference t o the 

accompanying drawings.  FIG. 1 illustrates in persp ective 

the laser processing apparatus, denoted by 1, accor ding 

to the present embodiment, in its entirety.  As 

illustrated in FIG. 1, the laser processing apparat us 1 

includes a base 2, a laser beam applying unit 4 dis posed 

on the base 2 as a processing unit for applying a l aser 

beam to a wafer as a workpiece, a holding unit 30 f or 

holding the wafer thereon, an image capturing unit 6 for 

capturing an image of the wafer held on the holding  unit 

30, a feed mechanism 20 for processing-feeding the laser 

beam applying unit 4 and the holding unit 30 relati vely 

to each other and moving the image capturing unit 6  and 

the holding unit 30 relatively to each other, a fra me 

body 26 having a vertical wall 261 erected on a rea r side 

of the base 2 and a horizontal wall 262 extending 

horizontally from an upper end portion of the verti cal 

wall 261, a cassette placing mechanism 40 and an 

unloading/loading mechanism 50 that are disposed on  the 
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base 2 adjacent to the feed mechanism 20, and a con trol 

unit 100 for controlling the operating components o f the 

laser processing apparatus 1. 

        The horizontal wall 262 of the frame body 2 6 houses 

therein an unillustrated optical system of the lase r beam 

applying unit 4.  The laser beam applying unit 4 in cludes, 

in addition to the optical system, a laser oscillat or and 

an output adjusting unit, that are not illustrated,  and a 

beam condenser 4a disposed on a lower surface of a distal 

end portion of the horizontal wall 262. 

        The image capturing unit 6 is disposed on t he lower 

surface of the distal end portion of the horizontal  wall 

262 in a position adjacent to the beam condenser 4a  of 

the laser beam applying unit 4 in an X-axis directi on 

indicated by the arrow X in FIG. 1.  The horizontal  wall 

262 supports thereon a display unit 8 electrically 

connected to the control unit 100 and having a touc h 

panel function for displaying laser processing cond itions 

for the laser processing apparatus 1 and allowing t he 

operator to enter laser processing conditions.   

        The control unit 100 is implemented by a co mputer 

and includes a central processing unit (CPU) for 

performing arithmetic processing operations accordi ng to 

control programs, a read only memory (ROM) for stor ing 
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the control programs, etc., a read-write random acc ess 

memory (RAM) for temporarily storing images capture d by 

the image capturing unit 6, detected values, proces sed 

results, etc., an input interface, and an output 

interface.  Details of these components of the cont rol 

unit 100 are omitted from illustration as they are well 

known in the art.  The control unit 100 also includ es a 

decision section 110 for controlling the components  of 

the laser processing apparatus 1, recording appropr iate 

information including images captured by the image 

capturing unit 6, analyzing the images captured by the 

image capturing unit 6, and deciding whether or not  a 

wafer is unprocessed or has been processed, for exa mple.  

Details of the decision section 110 will be describ ed 

later.  In FIG. 1, the control unit 100 is illustra ted as 

being external to the laser processing apparatus 1 for 

illustrative purposes.  Actually, the control unit 100 is 

housed in the laser processing apparatus 1. 

        As illustrated in FIG. 1, the holding unit 30 

includes a rectangular X-axis movable plate 31 mova bly 

mounted on the base 2 for movement in the X-axis 

direction, a rectangular Y-axis movable plate 32 mo vably 

mounted on the X-axis movable plate 31 for movement  in a 

Y-axis direction, indicated by the arrow Y and 



10 

perpendicular to the X-axis direction, a hollow 

cylindrical support post 33 fixedly mounted on an u pper 

surface of the Y-axis movable plate 32, and a recta ngular 

cover plate 34 fixedly mounted on the upper end of the 

support post 33.  A chuck table 35 is disposed on t he 

cover plate 34 and extends upwardly through an oblo ng 

hole defined in the cover plate 34.  The chuck tabl e 35 

that is arranged to support a circular wafer thereo n is 

rotatable about its central axis in directions indi cated 

by the arrow R1 by an unillustrated rotary actuator  

housed in the support post 33.  The chuck table 35 has an 

upper surface made of an air-permeable porous mater ial 

and functions as a holding surface extending 

substantially horizontally.  The chuck table 35 is 

connected to unillustrated suction means through an  

unillustrated fluid channel extending through the s upport 

post 33. 

        The feed mechanism 20 includes an X-axis fe ed 

mechanism 21, a Y-axis feed mechanism 22, and the 

unillustrated rotary actuator housed in the support  post 

33.  The X-axis feed mechanism 21 converts rotary m otion 

of an unillustrated electric motor into linear moti on 

through a ball screw and transmits the linear motio n to 

the X-axis movable plate 31, moving the X-axis mova ble 
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plate 31 in the X-axis direction and an opposite 

direction along a pair of guide rails 27 mounted on  the 

base 2.  The Y-axis feed mechanism 22, which is 

essentially similar to the X-axis feed mechanism 21 , 

converts rotary motion of an unillustrated electric  motor 

into linear motion through a ball screw and transmi ts the 

linear motion to the Y-axis movable plate 32, movin g the 

Y-axis movable plate 32 in the Y-axis direction and  an 

opposite direction along a pair of guide rails 36 m ounted 

on the X-axis movable plate 31.  The guide rails 27  on the 

base 2, the guide rails 36 on the X-axis movable pl ate 31, 

and the chuck table 35 are associated with respecti ve 

scales and position detecting sensors such as readi ng 

means, for accurately detecting the positions of th e 

chuck table 35 in the X-axis direction, the Y-axis 

direction, and a rotary direction.  While the posit ions of 

the chuck table 35 are being thus detected, the fee d 

mechanism 20 is actuated to move the chuck table 35  to a 

desired position with respect to the image capturin g unit 

6 and the beam condenser 4a of the laser beam apply ing 

unit 4. 

        The image capturing unit 6 includes an ordi nary 

imaging device (charge coupled device (CCD)) for 

capturing images by using a visible light beam, inf rared 
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radiation applying means for applying infrared radi ation 

to a wafer as a workpiece, an optical system for ca tching 

infrared radiation emitted from the infrared radiat ion 

applying means, and an infrared imaging device (inf rared 

CCD) for outputting an electric signal representing  the 

infrared radiation caught by the optical system.  T he 

image capturing unit 6 captures an image of a wafer  held 

on the chuck table 35 of the holding unit 30, and t he 

captured image is used by the control unit 100 in a n 

alignment step for aligning a position to which the  beam 

condenser 4a of the laser beam applying unit 4 is t o 

apply a laser beam and an area of the wafer that is  to be 

processed, with each other. 

        The cassette placing mechanism 40 according  to the 

present embodiment includes a pair of cassette plac ing 

stands 41 for placing thereon a first cassette 42 a nd a 

second cassette 43, respectively, each cassette hou sing a 

plurality of wafers.  The operator places the first  

cassette 42 and the second cassette 43, each housin g 

unprocessed wafers therein, on the respective casse tte 

placing stands 41 while directing the first cassett e 42 

and the second cassette 43 in a predetermined orien tation.  

After the wafers housed in the first cassette 42 an d the 

second cassette 43 have been unloaded and processed  and 
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the processed wafers have been housed again in the first 

cassette 42 and the second cassette 43, the first 

cassette 42 and the second cassette 43 are delivere d from 

the respective cassette placing stands 41 to a suit able 

apparatus in a subsequent step of operation. 

        The unloading/loading mechanism 50 is dispo sed in a 

region facing an opening 42a in the first cassette 42 and 

an opening 43a in the second cassette 43.  The 

unloading/loading mechanism 50 includes an actuatin g 

mechanism 52, an arm base 53, an arm mechanism 54 

including a plurality of arms, and a robot hand 55 

disposed on a distal end of the arm mechanism 54.  The 

actuating mechanism 52 converts rotary motion of an  

electric motor 52a into linear motion through a bal l 

screw 52b and transmits the linear motion to an 

unloading/loading movable plate 52c, moving the 

unloading/loading movable plate 52c along a guide r ail 

52d extending in the X-axis direction to position t he 

unloading/loading movable plate 52c in a desired po sition 

in the X-axis direction.  The unloading/loading mov able 

plate 52c has a pair of vertical rails 52e disposed  on a 

front surface thereof, and the arm base 53 is movab ly 

supported on the rails 52e for vertical movement 

therealong.  Although not illustrated in detail, an  
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electric motor and an actuating mechanism, for exam ple, 

are operatively coupled between the unloading/loadi ng 

movable plate 52c and the arm base 53.  The actuati ng 

mechanism converts rotary motion of the electric mo tor 

into linear motion through a ball screw and transmi ts the 

linear motion to the arm base 53, moving the arm ba se 53 

along the rails 52e in a Z-axis direction, i.e., a 

vertical direction, indicated by the arrow Z, to po sition 

the arm base 53 accurately in a desired position in  the 

Z-axis direction.   

        The arm base 53 houses therein an unillustr ated 

rotary actuator mechanism for actuating the arm mec hanism 

54 including the arms.  The rotary actuator mechani sm 

cooperates with respective electric motors, not 

illustrated, disposed on respective joints of the a rms of 

the arm mechanism 54 in positioning the robot hand 55 

that is U-shaped and is disposed on the distal end of the 

arm mechanism 54 in a desired position.  The robot hand 55 

has a plurality of suction holes defined therein th at are 

supplied with a negative pressure through the arm 

mechanism 54 and the arm base 53.  The actuating me chanism 

52, the arm mechanism 54, and the robot hand 55 ope rate 

to attract and unload an unprocessed wafer from the  first 

cassette 42 through the opening 42a thereof or the second 
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cassette 43 through the opening 43a thereof, hold t he 

unloaded wafer under suction, and deliver the wafer  to an 

unloading/loading position where the chuck table 35  is 

positioned as illustrated in FIG. 1.  The wafer tha t has 

been delivered to the unloading/loading position is  

placed on the chuck table 35 at a prescribed angle and is 

held under suction on the chuck table 35.  The wafe r held 

under suction on the chuck table 35 is turned a 

predetermined angle by the unillustrated rotary act uator 

housed in the support post 33.  Thereafter, the waf er is 

positioned directly below the image capturing unit 6, and 

the alignment step is performed on the basis of an image 

of the wafer captured by the image capturing unit 6 , 

positioning the wafer directly below the beam conde nser 

4a of the laser beam applying unit 4.  Then, the wa fer is 

processed by the laser beam applying unit 4.   

        After the wafer has been processed by the l aser 

beam applying unit 4, the chuck table 35 is positio ned 

again in the unloading/loading position illustrated  in 

FIG. 1.  The processed wafer is attracted under suc tion by 

the robot hand 55 of the unloading/loading mechanis m 50, 

and then returned by the arm mechanism 54 and the r obot 

hand 55 into the first cassette 42 or the second ca ssette 

43 in which the wafer was housed prior to being pro cessed. 
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        The laser processing apparatus 1 according to the 

present embodiment is constructed generally as desc ribed 

above.  Operation of the laser processing apparatus  1 will 

be described below.  FIG. 2 illustrates in perspect ive a 

wafer 10 to be processed by the laser processing 

apparatus 1.  As illustrated in FIG. 2, the wafer 1 0 is, 

for example, a circular silicon wafer having a plur ality 

of devices 12 that are formed in respective areas o n a 

face side 10a thereof and that are demarcated by a grid 

of projected dicing lines 14.  The wafer 10 has a n otch 16 

defined in an outer circumferential edge portion at  a 

predetermined position as a mark indicating the cry stal 

orientation of the wafer 10.  A protective tape T t hat is 

identical in shape and dimension to the wafer 10 is  

affixed to the face side 10a of the wafer 10 and is  

integrally combined with the wafer 10.  The wafer 1 0 with 

the protective tape T affixed to the face side 10a 

thereof is turned upside down as illustrated in a 

lowermost section of FIG. 2, with the protective ta pe T 

facing downwardly and a reverse side 10b of the waf er 10 

facing upwardly.  A plurality of such wafers 10 are  housed 

at spaced intervals in each of the first cassette 4 2 and 

the second cassette 43. 

        For processing a wafer 10 with the laser pr ocessing 
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apparatus 1, the operator carries the first cassett e 42 

and the second cassette 43, each housing a pluralit y of 

unprocessed wafers 10, to the laser processing appa ratus 

1, and places them respectively on the cassette pla cing 

stands 41.  FIG. 3A illustrates the first cassette 42 or 

the second cassette 43 as viewed in plan and an 

unprocessed wafer 10 with the notch 16 housed in th e 

first cassette 42 or the second cassette 43.  As 

illustrated in FIG. 3A, the notch 16 of the unproce ssed 

wafer 10 is positioned on a center line C, i.e., an  

imaginary line indicated by the dot-and-dash line, 

extending through the center of the opening 42a in the 

first cassette 42 or the opening 43a in the second 

cassette 43 in the Y-axis direction.  Stated otherw ise, 

the direction of the notch 16 as viewed from a cent er P 

of the wafer 10 is oriented along the center line C  with 

an angle of 0° between itself and the center line C . 

        After having placed the first cassette 42 a nd the 

second cassette 43 on the respective cassette placi ng 

stands 41, the operator sets laser processing condi tions, 

etc. for a laser processing process in the laser 

processing apparatus 1 and instructs the laser proc essing 

apparatus 1 to start the laser processing process.  When 

the laser processing apparatus 1 is instructed to s tart 
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the laser processing process, the actuating mechani sm 52, 

the arm mechanism 54, and the robot hand 55 of the 

unloading/loading mechanism 50 are actuated to attr act 

and unload a wafer 10 from the first cassette 42, f or 

example.  The wafer 10 unloaded form the first cass ette 42 

is delivered to and placed on the chuck table 35 

positioned in the unloading/loading position illust rated 

in FIG. 1.  Then, the unillustrated suction means 

connected to the chuck table 35 is operated to hold  the 

wafer 10 under suction on the chuck table 35.  When  the 

wafer 10 delivered by the unloading/loading mechani sm 50 

is placed on the chuck table 35, the wafer 10 is or iented 

in a fixed direction at all times.  Specifically, i n the 

laser processing apparatus 1 according to the prese nt 

embodiment, the wafer 10 delivered from the first 

cassette 42 is placed on the chuck table 35 while t he 

direction of the wafer 10 remains the same as the 

direction of the wafer 10 housed in the first casse tte 42.  

Therefore, the notch 16 of the wafer 10 as it is pl aced 

on the chuck table 35 is oriented in the direction of the 

vertical wall 261, i.e., the direction indicated by  the 

arrow Y in FIG. 1.  

        After the wafer 10 has been placed and held  under 

suction on the chuck table 35, the feed mechanism 2 0 is 
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actuated to position the chuck table 35 directly be low 

the image capturing unit 6, as illustrated in FIG. 4.  The 

image capturing unit 6 captures an image of the waf er 10 

held under suction on the chuck table 35, and the c ontrol 

unit 100 performs the alignment step using the capt ured 

image.  In the alignment step, the control unit 100  

actuates the unillustrated rotary actuator housed i n the 

support post 33 to rotate the chuck table 35 throug h 180° 

in one of the directions indicated by the arrow R1,  in 

order to align the crystal orientation of the wafer  10 

with a predetermined direction.  The image capturin g unit 

6 is electrically connected to the control unit 100  and 

the display unit 8.  In the alignment step, the pos ition 

to which the beam condenser 4a of the laser beam ap plying 

unit 4 is to apply a laser beam LB and an area of t he 

wafer 10 that is to be processed, i.e., one of the 

projected dicing lines 14, are aligned with each ot her on 

the basis of the captured image. 

        After the above alignment step has been car ried out, 

a focused spot Q of the laser beam applying unit 4 is 

positioned within the wafer 10 below the projected dicing 

line 14 on the basis of positional information obta ined 

in the alignment step, as illustrated in FIGS. 5A a nd 5B.  

Then, while the X-axis feed mechanism 21 is being 
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actuated to processing-feed the chuck table 35 in t he X-

axis direction, the laser beam applying unit 4 appl ies 

the laser beam LB to the wafer 10 to form modified layers 

18 in the wafer 10 along the projected dicing line 14.  

When the modified layers 18 have been formed in the  wafer 

10 along the projected dicing line 14, the Y-axis f eed 

mechanism 22 is actuated to indexing-feed the wafer  10 in 

the Y-axis direction, i.e., indexing-feed direction , to 

align a next projected dicing line 14 with the beam  

condenser 4a.  Then, the laser beam applying unit 4  

applies the laser beam LB to the wafer 10 to form 

modified layers 18 in the wafer 10 along the next 

projected dicing line 14.  In this manner, modified  layers 

18 are formed in the wafer 10 along all the project ed 

dicing lines 14 that extend in a first direction.  After 

the modified layers 18 have been formed in the wafe r 10 

along all the projected dicing lines 14 that extend  in 

the first direction, the chuck table 35 is turned 9 0° 

about its central axis to align one of the projecte d 

dicing lines 14 that extend in a second direction 

perpendicular to the first direction with the X-axi s 

direction.  Then, the focused spot Q of the laser b eam 

applying unit 4 is positioned within the wafer 10 b elow 

the projected dicing line 14.  While the X-axis fee d 
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mechanism 21 is being actuated to processing-feed t he 

chuck table 35 in the X-axis direction, the laser b eam 

applying unit 4 applies the laser beam LB to the wa fer 10 

to form modified layers 18 in the wafer 10 along th e 

projected dicing line 14.  When the modified layers  18 

have been formed in the wafer 10 along the projecte d 

dicing line 14, the Y-axis feed mechanism 22 is act uated 

to indexing-feed the wafer 10 in the Y-axis directi on, 

i.e., indexing-feed direction, to align a next proj ected 

dicing line 14 with the beam condenser 4a.  Then, t he 

laser beam applying unit 4 applies the laser beam L B to 

the wafer 10 to form modified layers 18 in the wafe r 10 

along the next projected dicing line 14.  The above  

sequence of operation is repeated to form modified layers 

18 in the wafer 10 along all the projected dicing l ines 

14 that extend in the second direction.   

        After the modified layers 18 have been form ed in 

the wafer 10 along all the projected dicing lines 1 4, the 

chuck table 35 that is holding the wafer 10 under s uction 

thereon is brought to the unloading/loading positio n 

illustrated in FIG. 1, and then turned by the 

unillustrated rotary actuator housed in the support  post 

33 to orient the wafer 10 in the direction that the  wafer 

10 was oriented in when placed on the chuck table 3 5 
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before being processed with the laser beam LB.  The n, the 

unloading/loading mechanism 50 is actuated to opera te the 

actuating mechanism 52, the arm base 53, the arm 

mechanism 54, and the robot hand 55 to attract the wafer 

10 under suction from the chuck table 35 and house the 

wafer 10 back into its position in the first casset te 42. 

        The laser processing conditions according t o the 

present embodiment may, for example, be set as foll ows. 

        Wavelength  : 1342 nm 

        Repetitive frequency : 90 kHz 

        Average output power : 1.2 W 

        Feed speed  : 700 mm/s 

        When the processed wafer 10 is housed into the 

first cassette 42, the arm mechanism 54 is actuated  to 

orient the notch 16, i.e., the mark indicating the 

crystal orientation of the wafer 10, defined in the  

processed wafer 10 in a direction illustrated in FI G. 3B, 

for example, that is different from the direction w hich 

is illustrated in FIG. 3A and in which the notch 16  

defined in the unprocessed wafer 10 is oriented.  I n FIG. 

3B, the modified layers 18 formed in the processed wafer 

10 are represented by the dotted lines for illustra tive 

purposes.  However, the modified layers 18 formed i n the 

processed wafer 10 are actually invisible to the na ked 
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eye and are thus difficult to confirm with the nake d eye.  

In FIG. 3B, an imaginary line interconnecting the c enter 

P of the processed wafer 10 and the notch 16 is ang ularly 

spaced 45° clockwise from the direction in which th e 

notch 16 defined in the unprocessed wafer 10 is ori ented, 

i.e., the center line C extending in the Y-axis dir ection 

through the center of the opening 42a in the first 

cassette 42.  

        After the processed wafer 10 has been house d in the 

first cassette 42, other unprocessed wafers 10 hous ed in 

the first cassette 42 are successively unloaded fro m the 

first cassette 42, placed on the chuck table35, and  then 

processed with the layer beam LB, to form modified layers 

18 in the wafers 10 according to the laser processi ng 

sequence described above.  The processed wafers 10 are 

housed back into the first cassette 42 such that th e 

imaginary line interconnecting the center P of each  of 

the processed wafers 10 and the notch 16 is angular ly 

spaced 45° clockwise from the center line C extendi ng in 

the Y-axis direction through the center of the open ing 

42a in the first cassette 42.  

        When all the wafers 10 housed in the first cassette 

42 have been processed with the laser beam LB, the 

notches 16 of all the wafers 10 housed in the first  



24 

cassette 42 are thus positioned in the orientation 

angularly spaced 45° clockwise from the center line  C 

extending in the Y-axis direction through the cente r of 

the opening 42a in the first cassette 42.  Accordin g to 

the present embodiment, therefore, when the 

unloading/loading mechanism 50 houses a processed w afer 

10 into a cassette, i.e., the first cassette 42 or the 

second cassette 43, the control unit 100 controls t he 

unloading/loading mechanism 50 to orient the mark, i.e., 

the notch 16, indicating the crystal orientation of  the 

processed wafer 10 in a predetermined direction dif ferent 

from the direction in which the mark or notch 16 of  an 

unprocessed wafer 10 in the cassette, i.e., the fir st 

cassette 42 or the second cassette 43, is oriented.   

Accordingly, it is possible, in the laser processin g 

apparatus 1 illustrated in FIG. 1, for example, to decide 

instantaneously whether or not wafers 10 housed in the 

first cassette 42 or the second cassette 43 have be en 

processed.  It is possible to select reliably a cas sette 

housing processed wafers 10 and solve the problem t hat 

processed wafers 10 may be erroneously processed ag ain by 

the laser processing apparatus 1.   

        The control unit 100 of the laser processin g 

apparatus 1 according to the present embodiment inc ludes 
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the decision section 110 referred to above.  The de cision 

section 110 decides that, in a case where the mark or 

notch 16 indicating the crystal orientation of a wa fer 10 

unloaded from the first cassette 42 or the second 

cassette 43 by the unloading/loading mechanism 50 i s 

oriented in a first direction on the basis of an im age of 

the wafer 10 captured by the image capturing unit 6 , the 

wafer 10 is an unprocessed wafer, and in a case whe re the 

mark or notch 16 is oriented in a second direction,  the 

wafer 10 is a processed wafer.  Details of the deci sion 

section 110 will be described below. 

        As described above, when the laser processi ng 

apparatus 1 according to the present embodiment is to 

process a wafer 10 with the laser beam LB, the unlo ading/ 

loading mechanism 50 is actuated to unload the wafe r 10 

from the first cassette 42, for example, and place the 

wafer 10 on the chuck table 35 while orienting the wafer 

10 in a predetermined direction.  Specifically, the  wafer 

10 delivered from the first cassette 42 is placed o n the 

chuck table 35 while the direction of the wafer 10 

remains the same as the direction of the wafer 10 h oused 

in the first cassette 42.  Thereafter, for performi ng the 

alignment step, the unillustrated rotary actuator h oused 

in the support post 33 is operated to align the cry stal 
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orientation of the wafer 10 with a predetermined 

direction by turning the chuck table 35 holding the  wafer 

10 thereon 180° in one of the directions indicated by the 

arrow R1.  Then, the wafer 10 held on the chuck tab le 35 

thus turned is positioned directly below the image 

capturing unit 6. 

        In a case where the wafer 10 positioned dir ectly 

below the image capturing unit 6 is an unprocessed wafer, 

when an overall image of the wafer 10 positioned di rectly 

below the image capturing unit 6 is captured by the  image 

capturing unit 6 and displayed on the display scree n of 

the display unit 8, the direction of the notch 16 a s 

viewed from the center P of the wafer 10 in the dis played 

image is oriented along a hairline H, i.e., in the first 

direction, displayed on the display screen, as 

illustrated in FIG. 6A.  The decision section 110 o f the 

control unit 100 analyzes the image captured by the  image 

capturing unit 6 and displayed on the display scree n to 

decide whether or not the direction of the notch 16  is 

the first direction, or more specifically, whether or not 

the direction of the notch 16 falls in an allowable  error 

range, e.g., � 5°, with respect to the hairline H.  If the 

decision section 110 decides that the notch 16 is 

oriented in the first direction, the decision secti on 110 
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decides that the wafer 10 is unprocessed.  After th e 

decision section 110 has decided that the notch 16 is 

oriented in the first direction, i.e., the wafer 10  is 

unprocessed, the alignment step for a normal laser 

processing sequence is carried out, and the laser 

processing sequence is performed. 

        On the other hand, in a case where the wafe r 10 

held on the chuck table 35 is a processed wafer, wh en an 

overall image of the wafer 10 is captured by the im age 

capturing unit 6 by positioning the chuck table 35 

directly below the image capturing unit 6 and displ ayed 

on the display screen of the display unit 8, the 

direction of the notch 16 as viewed from the center  P of 

the wafer 10 in the displayed image is angularly sp aced 

45° clockwise from the hairline H, i.e., in the sec ond 

direction, displayed on the display screen, as 

illustrated in FIG. 6B.  This is because, as descri bed 

above with reference to FIG. 3B, the processed wafe r 10 

was housed in the first cassette 42, for example, w ith 

the notch 16 being angularly spaced 45° clockwise f rom 

the center line C.   

        The decision section 110 decides whether or  not the 

direction of the notch 16 of the wafer 10 positione d 

directly below the image capturing unit 6 is the se cond 
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direction, or more specifically, whether or not the  

direction of the notch 16 falls in an allowable err or 

range, e.g., 40° to 50°, with respect to the hairli ne H.  

If the decision section 110 decides that the notch 16 is 

oriented in the second direction, the decision sect ion 

110 decides that the wafer 10 has been processed.  In a 

case where the decision section 110 held on the chu ck 

table 35 has decided that the wafer 10 has been pro cessed, 

since the devices 12 on the wafer 10 would be damag ed if 

the processed wafer 10 were processed with the lase r beam 

LB, the decision section 110 issues various warning s to 

let the operator know that the laser processing app aratus 

1 is going to process the processed wafer 10.  The 

warnings may be of various known types including a 

warning sound such as a buzzer sound, a warning mes sage 

on the display unit 8, a speech sound from a speake r, a 

blinking red light indicative of an error, or a 

combination of two or more of those warning types.  When 

the warnings are issued, the laser processing appar atus 1 

is shut down in emergency to abort the laser proces sing 

sequence.  The decision section 110 may issue warni ngs in 

a case where the direction of the notch 16 of the w afer 

10 positioned directly below the image capturing un it 6 

is neither the first direction nor the second direc tion.  
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Specifically, in the case where the direction of th e 

notch 16 is neither the first direction nor the sec ond 

direction, the unloading/loading mechanism 50 may h ave 

developed operation trouble or the laser processing  

apparatus 1 may have suffered strong external vibra tions 

such as from an earthquake, and the decision sectio n 110 

issues warnings for the operator and displays a mes sage 

on the display unit 8 to prompt the operator to per form 

an operation check on the laser processing apparatu s 1. 

        As described above, the decision section 11 0 of the 

control unit 100 may be used to decide whether the wafer 

10 whose image has been captured by the image captu ring 

unit 6 is an unprocessed wafer or a processed wafer , so 

that processed wafers 10 will not be processed agai n by 

the laser processing apparatus 1 and the devices 12  on 

the processed wafers 10 will hence be prevented fro m 

being damaged by the laser beam irregularly reflect ed by 

the already formed modified layers. 

        The present invention is not limited to the  

embodiment described above, and various changes and  

modifications may be made therein.  According to th e 

illustrated embodiment, the two cassettes housing 

processed and unprocessed wafers therein are placed  on 

the respective cassette placing stands.  The presen t 
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invention is not limited to such details and may be  

applied to a laser processing apparatus in which on e or 

three or more cassettes are placed on respective ca ssette 

placing stands.   

        According to the illustrated embodiment, pr ocessed 

wafers 10 and unprocessed wafers 10 are housed in a  

cassette such that the direction of the notches 16 of the 

processed wafers 10 and the direction of the notche s 16 

of the unprocessed wafers 10 are angularly spaced a part 

by 45°.  The present invention is not limited to su ch 

details.  Alternatively, the direction of the notch es 16 

of the processed wafers 10 and the direction of the  

notches 16 of the unprocessed wafers 10 may be angu larly 

spaced apart by another angle such as 30°.  However , if 

the direction of the notches 16 of the processed wa fers 

10 is too close to the direction of the notches 16 of the 

unprocessed wafers 10, then, since the operator may  find 

it difficult to distinguish the processed wafers 10  from 

the unprocessed wafers 10, the direction of the not ches 

16 of the processed wafers 10 and the direction of the 

notches 16 of the unprocessed wafers 10 should pref erably 

be angularly spaced apart by an appropriately large  angle 

of 30° or more. 

        According to the illustrated embodiment, th e notch 
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16 is illustrated as the mark indicating the crysta l 

orientation of the wafer 10.  The present invention  is not 

limited to such details.  Alternatively, any mark m ay be 

used on a wafer to indicate the crystal orientation  

thereof.  For example, a straight surface or area s uch as 

an orientation flat formed on an outer circumferent ial 

edge portion of a wafer may be used as the mark 

indicating the crystal orientation of the wafer. 

        According to the illustrated embodiment, fo r 

delivering a processed wafer 10 to a cassette and h ousing 

the processed wafer 10 into the cassette, the arm 

mechanism 54 is actuated to orient the processed wa fer 10 

in a predetermined direction different from the dir ection 

in which an unprocessed wafer 10 is oriented in the  

cassette.  However, the present invention is not li mited 

to such details.  For example, when a processed waf er 10 

is to be unloaded from the chuck table 35, the chuc k 

table 35 may be turned through a predetermined angl e such 

as 45°, and the processed wafer 10 on the chuck tab le 35 

may be attracted to the arm mechanism 54 and housed  back 

into the cassette.  In this manner, the processed w afer 10 

is housed in the cassette as illustrated in FIG. 3B . 

        The present invention is not limited to the  details 

of the above described preferred embodiment.  The s cope of 
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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 laser processing apparatus for proces sing, 

with a laser beam, a wafer having a plurality of de vices 

that are formed in respective areas on a face side 

thereof and that are demarcated by a plurality of 

intersecting projected dicing lines, the laser proc essing 

apparatus comprising: 

        a cassette placing stand for placing thereo n a 

cassette housing a plurality of wafers; 

        an unloading/loading mechanism for unloadin g a 

wafer from and loading a wafer into the cassette pl aced 

on the cassette placing stand; 

        a chuck table for rotatably holding the waf er 

unloaded from the cassette by the unloading/loading  

mechanism; 

        a laser beam applying unit for applying a l aser 

beam having a wavelength that is transmittable thro ugh 

the wafer held on the chuck table to the wafer whil e 

positioning a focused spot of the laser beam within  the 

wafer below projected dicing lines to thereby form 

modified layers that will act as division initiatin g 

points in the wafer; 

        a feed mechanism for processing-feeding the  chuck 

table and the laser beam applying unit relatively t o each 
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other; 

        an image capturing unit for capturing an im age of 

the wafer; and 

        a control unit for controlling the 

unloading/loading mechanism to orient a mark indica ting a 

crystal orientation of a wafer processed by the las er 

beam applying unit in a predetermined direction dif ferent 

from a direction in which the mark of an unprocesse d 

wafer in the cassette is oriented, when the 

unloading/loading mechanism houses the processed wa fer 

into the cassette. 

        2.  The laser processing apparatus accordin g to 

claim 1, wherein the control unit includes a decisi on 

section for deciding that, in a case where the mark  

indicating the crystal orientation of a wafer unloa ded 

from the cassette by the unloading/loading mechanis m is 

oriented in a first direction on a basis of an imag e of 

the wafer captured by the image capturing unit, the  wafer 

is an unprocessed wafer, and in a case where the ma rk is 

oriented in a second direction different from the f irst 

direction, the wafer is a processed wafer. 

        3.  The laser processing apparatus accordin g to 

claim 2, wherein the decision section issues warnin gs 

when the decision section decides that the wafer is  a 
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processed wafer.  

  


