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CUTTING APPARATUS 

 

BACKGROUND OF THE INVENTION 

 

Field of the Invention 

        The present invention relates to a cutting 

apparatus for cutting a wafer formed with a low-k f ilm on 

a front side thereof so as to divide the wafer into  

individual chips. 

Description of the Related Art 

        In recent years, for enhancing processing 

capability of devices such as ICs and LSIs, a wafer  

provided on a front side thereof with a laminate ad opting 

a low dielectric constant insulator film (low-k fil m) as 

an interlayer dielectric film has been put to pract ical 

use.  This type of wafer is divided into individual  device 

chips, before being utilized for a variety of elect rical 

apparatuses such as mobile phones and personal comp uters.  

In relation to dividing the wafer formed with a low -k 

film on the front side thereof, there has been prop osed a 

method of dividing a wafer into individual chips wh erein 

grooves are formed in the low-k film along division  lines 

by grooving by irradiation with laser (laser groovi ng) 

(the grooves thus formed by grooving will hereinaft er 

referred to as “grooving grooves”), and a cutting b lade 
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is made to cut the wafer along the grooving grooves , 

thereby dividing the wafer into the individual chip s (see, 

for example, Japanese Patent Laid-open No. 2005-064 231). 

        Side surface portions of each grooving groo ve thus 

formed by cutting of the low-k film are very brittl e.  

When the cutting blade is made to cut into the wafe r 

along the grooving groove, therefore, the cutting b lade 

may come into contact with the low-k film present a t each 

side surface of the grooving groove to cause peelin g of 

the low-k film, thereby possibly damaging the devic es.  

For avoiding the contact of the cutting blade with the 

low-k film, therefore, a method has been proposed w herein 

the width of the grooving groove is measured, and t he 

cutting blade is positioned at the center of the wi dth of 

the grooving groove, before starting the cutting (s ee, 

for example, Japanese Patent No. 5254681).  In the case 

where the center of the groove formed by cutting in  such 

a method (the groove formed by cutting with a cutti ng 

blade will hereinafter be referred to as “cut groov e”) is 

positionally deviated from the center of the groovi ng 

groove, it is necessary to correct the cutting posi tion 

at the time of the next cutting operation.  For thi s 

reason, after cutting by the cutting blade, the wid th of 

the cut groove is measured to determine the positio n of 

the center of the cut groove, whereby it is checked  
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whether the cut groove has been formed in the cente r of 

the grooving groove. 

 

SUMMARY OF THE INVENTION 

        In recent years, however, there is a trend toward 

smaller-width division lines for obtaining more chi ps 

from a wafer.  Therefore, the difference between th e width 

of the grooving grooves formed along the division l ines 

and the width of the cut grooves also formed along the 

division lines, which difference was 5 to 10 µm in the 

past, has come to be as small as 2 to 4 µm in recent 

years.  Accordingly, it has become difficult to det ect the 

grooving groove and the cut groove distinctly from each 

other.  Thus, there is a problem that it is impossi ble to 

correct the position of the cutting blade so as to 

position the cutting blade at the center of the gro oving 

groove with high accuracy. 

        Accordingly, it is an object of the present  

invention to make it possible to easily distinguish  a 

grooving groove and a cut groove from each other an d to 

cut the center of the grooving groove by a cutting blade. 

        In accordance with an aspect of the present  

invention, there is provided a cutting apparatus fo r 

cutting a wafer formed with grooving grooves throug h 

application of a laser beam along a plurality of di vision 
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lines which partition a plurality of devices from e ach 

other.  The cutting apparatus includes: a chuck tab le 

adapted to hold the wafer thereon; cutting means fo r 

cutting the wafer held on the chuck table along eac h of 

the grooving grooves by a cutting blade; indexing m eans 

for indexing the cutting means and the chuck table 

relative to each other in an indexing direction; an d 

width measuring means for measuring a width of the 

grooving groove and a width of a cut groove.  The w idth 

measuring means includes an imaging camera for imag ing 

the grooving groove and the cut groove, and illumin ating 

means for illuminating an area to be imaged by the 

imaging camera.  The illuminating means includes a light 

quantity switching section by which first light hav ing a 

first light quantity when the imaging camera images  the 

grooving groove and second light having a second li ght 

quantity when the imaging camera images the cut gro ove 

are switched over.  The cutting apparatus further 

includes: a detection unit for detecting a position al 

deviation of the cut groove from the grooving groov e, on 

the basis of a first image picked up by the imaging  

camera using the first light and a second image pic ked up 

by the imaging camera using the second light; and a  

control unit for controlling the indexing means on the 

basis of the positional deviation detected by the 
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detection unit so as thereby to make a width-direct ional 

center of the grooving groove and a width-direction al 

center of the cut groove coincide with each other. 

        The cutting apparatus according to the aspe ct of 

the present invention includes the width measuring means 

for measuring the width of the grooving groove form ed in 

the wafer by laser grooving and the width of the cu t 

groove formed in the wafer by the cutting blade.  T he 

width measuring means includes the imaging camera f or 

imaging the grooving groove and the cut groove, and  the 

illuminating means for illuminating an imaging area  to be 

imaged by the imaging camera with a predetermined 

quantity of light.  The illuminating means emits th e first 

light in a quantity necessary for imaging the groov ing 

groove at the time of imaging the grooving groove, and 

emits the second light in a quantity necessary for 

imaging the cut groove at the time of imaging the c ut 

groove.  Therefore, the imaging camera can pick up a first 

picked-up image in which the grooving groove is cle arly 

imaged and a second picked-up image in which the cu t 

groove is sharply imaged.  Accordingly, the groovin g 

groove and the cut groove can be easily distinguish ed 

from each other. 

        Besides, the cutting apparatus further incl udes the 

detection unit for detecting the positional deviati on of 
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the cut groove from the grooving groove on the basi s of 

the first picked-up image and the second picked-up image, 

and the control unit for controlling the indexing m eans 

on the basis of the positional deviation detected b y the 

detection unit so as to make the center of the widt h of 

the grooving groove and the center of the width of the 

cut groove coincide with each other.  For this reas on, the 

width-directional center of the cutting blade can b e 

positioned at the width-directional center of the 

grooving groove with high accuracy.  Consequently, the 

width-directional center of the grooving groove can  be 

cut by the cutting blade. 

        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 showing an exe mplary 

configuration of a cutting apparatus; 

        FIG. 2 is a sectional view showing how a gr ooving 

groove is imaged by an imaging camera; 
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        FIG. 3 is an enlarged view of a first image  into 

which the grooving groove is imaged; 

        FIG. 4 is a sectional view showing how a cu t groove 

is imaged by the imaging camera; and 

        FIG. 5 is an enlarged view of a second imag e into 

which the cut groove is imaged. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

        A cutting apparatus 10 shown in FIG. 1 has an 

apparatus base 11.  On an upper surface 11a of the 

apparatus base 11 is disposed a chuck table 12 whic h has 

a holding surface 13 for holding thereon a wafer as  a 

workpiece.  A cover 14 is disposed in the periphery  of the 

chuck table 12, and an expandable bellows 15 is con nected 

to the cover 14. 

        A gate-formed column 16 is erected at the r ear of 

the apparatus base 11.  The column 16 is provided w ith: 

two cutting means 17 for cutting the wafer; two ind exing 

means 18 for indexing the cutting means 17 and the chuck 

table 12 relative to each other in an indexing dire ction 

(Y-axis direction); two lifting means 19 for liftin g the 

cutting means 17 up and down in a Z-axis direction;  and 

two width measuring means 20 which are mounted 

respectively to the cutting means 17 and measure th e 

widths of a cut groove and the like formed in the w afer 
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by machining by the cutting means 17.  The width me asuring 

means 20 can not only measure the width of the cut groove 

but also measure the width of a grooving groove in the 

case where the wafer is formed therein with a groov ing 

groove or grooves by laser processing. 

        Each of the two cutting means 17 includes a  spindle 

170 having an axis in a Y-axis direction, a spindle  

housing 171 surrounding the spindle 170 so that the  

spindle 170 can be rotated, a cutting blade 172 mou nted 

to a tip of the spindle 170, and a blade cover 173 

covering the cutting blade 172 so that the cutting blade 

172 can be rotated. 

        Each of the two indexing means 18 includes a ball 

screw 180 extending in the Y-axis direction, a moto r 181 

connected to a tip of the ball screw 180, a guide r ail 

182 extending in parallel to the ball screw 180, an d a 

guide plate 183 for moving the cutting means 17 in the Y-

axis direction.  Each guide rail 182 is in sliding contact 

with a side portion of the guide plate 183, and the  ball 

screw 180 is in screw engagement with a nut formed at a 

central portion of the guide plate 183.  With the b all 

screw 180 driven by the motor 181 to rotate, the cu tting 

means 17 can be indexed in the Y-axis direction tog ether 

with the guide plate 183.  The lifting means 19 for  

lifting the cutting means 17 up and down in the Z-a xis 
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direction are connected to the guide plates 183, 

respectively. 

        Each of the width measuring means 20 includ es: an 

imaging camera 21 for imaging a grooving grove form ed by 

laser grooving in a laser processing apparatus (not  

shown) and a cut groove formed by the cutting blade  172; 

and illuminating means 22 for illuminating an imagi ng 

area to be imaged by the imaging camera 21 with a 

predetermined quantity of light.  The imaging camer a 21 

includes, for example, a CCD image sensor or a CMOS  image 

sensor. 

        As shown in FIG. 2, the illuminating means 22 

includes a first light emitting section 220, a seco nd 

light emitting section 221, and a light quantity 

switching section 222 for switching over the quanti ty of 

light emitted from the illuminating means 22.  The second 

light emitting section 221 is disposed in the perip hery 

of the imaging camera 21, and can cast light on the  

imaging area.  On the other hand, the first light e mitting 

section 220 is disposed below the second light emit ting 

section 221, and can cast light on the imaging area  from 

an oblique upper side. 

        To the width measuring means 20 are connect ed a 

detection unit 23 and a control unit 24.  The detec tion 

unit detects a positional deviation of the cut groo ve 
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from the grooving groove, on the basis of a first i mage 

picked up by the imaging camera 21 utilizing first light 

and a second image picked up by the imaging camera 21 

utilizing second light, and specifically through, f or 

example, superposing the first image and the second  image 

on each other.  The control unit 24 controls the in dexing 

means 18, shown in FIG. 1, on the basis of the posi tional 

deviation detected by the detection unit 23.  The c ontrol 

unit 24 includes at least a CPU and a memory, and c an 

store the positional deviation detected by the dete ction 

unit 23. 

        In the cutting apparatus 10, the wafer W is  divided 

into individual chips by the cutting means 17.  The  wafer 

W has a circular disk-shaped substrate 1.  A front side 1a 

of the substrate 1 is partitioned into regions by 

crossing division lines 2, and devices are formed i n the 

regions.  Besides, as shown in FIG. 2, the front si de 1a 

of the substrate 1 is coated with a plurality of lo w-k 

films 3 formed in a stacked manner on surfaces of t he 

devices.  A tape 4 is attached to a back side 1b of  the 

substrate 1, and the back side 1b constitutes a sur face 

to be held onto the holding surface 13 of the chuck  table 

12 through the tape 4 therebetween. 

        Before dividing the wafer W into the chips,  laser 

grooving is conducted along the division lines 2 by  use 
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of a laser processing apparatus (not shown), for ex ample.  

By this, grooving grooves 5 are formed so as to cut  the 

low-k films 3 formed on the front side 1a of the wa fer W 

as shown in FIG. 2. 

        Next, cut grooves are formed along the groo ving 

grooves 5 on the front side 1a of the wafer W by th e 

cutting means 17 shown in FIG. 1, so as to divide t he 

wafer W into individual chips.  Specifically, the w afer W 

is held on the holding surface 13 of the chuck tabl e 12, 

and the chuck table 12 is moved to a position under  the 

cutting means 17. 

        In an operation of the cutting means 17, wh ile the 

cutting blade 172 is rotated at a predetermined 

rotational speed by rotating the spindle 170, the c utting 

means 17 is lowered along the Z-axis direction, for  

approaching the front side 1a of the wafer W held o n the 

chuck table 12, by the lifting means 19.  Subsequen tly, 

the cutting blade 172 is made to cut along the groo ving 

grooves 5 (shown in FIG. 2) so as to remove the low -k 

films 3, thereby forming cut grooves 6 along the gr ooving 

grooves 5.  Note that the width of the grooving gro oves 5 

is set to be not less than the width of the cut gro oves 6. 

        While indexing of the cutting means 17 in t he Y-

axis direction is conducted by each indexing means 18, 

the wafer W is cut by the cutting blade 172 along t he 
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grooving groove 5 on the division line 2 directed i n the 

X-axis direction.  Next, in the cutting apparatus 1 0, a 

positional deviation of the cut groove 6 from the 

grooving groove 5 formed in the wafer w is detected , and 

the position of the cutting blade 172 is adjusted s o that 

the width-directional center of the grooving groove  5 and 

the width-directional center of the cut groove 6 co incide 

with each other. 

        First, the width of the grooving groove 5 a nd the 

width of the cut groove 6 are measured by use of th e 

width measuring means 20.  Specifically, as illustr ated in 

FIG. 2, the width measuring means 20 is moved to a 

position on the upper side of an imaging area 7, an d the 

grooving groove 5 is imaged by the imaging camera 2 1.  

Note that the imaging area 7 is set to be within th at 

range of the front side 1a of the wafer W in which the 

grooving groove 5 and the cut groove 6 are formed a long 

the division line 2. 

        At the time of measuring the width of the g rooving 

groove 5 and the width of the cut groove 6 by the i maging 

camera 21, imaging is conducted by switching over f irst 

light and second light by the light quantity switch ing 

section 222.  The first light and the second light are 

formed by regulating the quantities of light suppli ed 

from the first light emitting section (oblique 
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illumination) 220 and the second light emitting sec tion 

(downward illumination) 221.  Specifically, the fir st 

light and the second light are formed by regulating  the 

ratio between the quantity of light relevant to the  first 

light emitting section (oblique illumination) 220 a nd the 

quantity of light relevant to the second light emit ting 

section (downward illumination) 221.  For example, the 

first light is formed by setting the light quantity  of 

the first light emitting section (oblique illuminat ion) 

220 to 60% and setting the light quantity of the se cond 

light emitting section (downward illumination) 221 to 

30%; on the other hand, the second light is formed by 

setting the light quantity of the first light emitt ing 

section (oblique illumination) 220 to 10% and setti ng the 

light quantity of the second light emitting section  

(downward illumination) 221 to 25%. 

        When the grooving groove 5 is imaged by the  imaging 

camera 21, the first light emitting section (obliqu e 

illumination) 220 is made to emit light strongly on  a 

lateral side of the imaging area 7 and on an obliqu e 

upper side of the division line 2, whereby the imag ing 

area 7 is illuminated with the first light.  Then, the 

imaging area 7 thus illuminated brightly is imaged by the 

imaging camera 21. 

        Therefore, the first light is reflected by the 
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upper surface of the wafer W in the area where the device 

is formed, so that a white image is picked up.  On the 

other hand, at the grooving groove 5 and the cut gr oove 6 

which are lower than the upper surface of the wafer  W, 

the first light is reflected little, so that a dark  image 

is picked up.  As a result, a first picked-up image  100 

can be obtained in which a boundary 50 between the 

grooving groove 5 and its outside is clearly imaged  on 

the inside of the division line 2, as shown in FIG.  3. 

        Next, as depicted in FIG. 4, the light quan tity 

switching section 222 switches from the first light  to 

the second light, and the cut groove 6 is imaged by  the 

imaging camera 21.  In this instance, the illuminat ing 

means 22 causes light to be emitted toward the divi sion 

line 2 in a condition in which the light quantity o f the 

second light emitting section 221 is greater than t he 

light quantity of the first light emitting section 220.  

Then, the imaging area 7 is imaged by the imaging c amera 

21.  As a result, a second picked-up image 101 can be 

obtained in which a boundary 60 between the cut gro ove 6 

and its outside is sharply imaged on the inside of the 

division line 2, as shown in FIG. 5.  In this way, the 

grooving groove 5 and the cut groove 6 can be 

distinguished from each other. 

        The detection unit 23 determines the width L1 of 
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the grooving groove 5 in the first picked-up image 100 

and the width L2 of the cut groove 6 in the second 

picked-up image 101 by image processing.  The width  L1 of 

the grooving groove 5 and the width L2 of the cut g roove 

6 can be determined, for example, on the basis of t he 

number of pixels between the left and right boundar ies 50 

and the number of pixels between the left and right  

boundaries 60, respectively.  Since the grooving gr oove 5 

and the cut groove 6 are formed in rugged shape, th eir 

widths are not constant.  In view of this, the widt h 

measurement is conducted at a plurality of location s in 

the picked-up images, and the width values of the w idest 

portions are detected as the widths L1 and L2.  The n, for 

the groove widths L1 and L2, intermediate points of  the 

widths are determined by calculation, and the relev ant 

positions are taken as the center 8 of the width L1  of 

the grooving groove 5 and the center 9 of the width  L2 of 

the cut groove 6. 

        Next, the first picked-up image 100 shown i n FIG. 3 

and the second picked-up image 101 shown in FIG. 5 are 

superposed on each other, and the degree in which t he 

center 8 of the width L1 of the grooving groove 5 a nd the 

center 9 of the width L2 of the cut groove 6 are 

positionally deviated from each other is detected a s a 

positional deviation of the cut groove 6 from the 
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grooving groove 5. 

        On the basis of the positional deviation de tected 

by the detection unit 23, the control unit 24 contr ols 

the two indexing means 18 (shown in FIG. 1) at the time 

of cutting along the next division line.  The index ing 

means 18 moves the cutting means 17 in the Y-axis 

direction by the positional deviation detected so a s to 

correct the position of the cutting blade 172 in th e Y-

axis direction, and position the width-directional center 

of the cutting blade 172 (shown in FIG. 1) at the c enter 

8 of the width L1 of the grooving groove 5 shown in  FIG. 

3, thereby making the center 8 of the width L1 of t he 

grooving groove 5 and the center 9 of the width L2 of the 

cut groove 6 coincide with each other.  In this man ner, 

the position of the cutting blade 172 is adjusted s o that 

the width-directional center of the grooving groove  5 can 

be cut by the cutting blade 172.  Then, cutting of the 

wafer is conducted with the cutting blade 172 posit ioned 

at the adjusted position, whereby the cut groove ca n be 

formed in the width-directional center of the groov ing 

groove 5.  Therefore, it is possible to avoid a sit uation 

in which the cutting blade 172 comes into contact w ith 

the low-k film 3 present at each side surface of th e 

grooving groove 5 with the result of peeling of the  low-k 

film 3. 
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        As has been described above, the cutting ap paratus 

10 includes the width measuring means 20 for measur ing 

the width of the grooving groove 5 formed in the wa fer W 

by laser grooving and the width of the cut groove 6  

formed in the wafer W by the cutting blade 172.  Th e width 

measuring means 20 includes the imaging camera 21 f or 

imaging the grooving groove 5 and the cut groove 6,  and 

the illuminating means 22 for illuminating the imag ing 

area 7 to be imaged by the imaging camera 21 with a  

predetermined quantity of light.  Therefore, when t he 

illuminating means 22 is made to emit the first lig ht 

necessary for imaging the grooving groove 5, the fi rst 

picked-up image 100 in which the grooving groove 5 is 

sharply imaged can be picked up by the imaging came ra 21.  

When the illumination means 22 is made to emit the second 

light necessary for imaging the cut groove 6, the s econd 

picked-up image 101 in which the cut groove 6 is cl early 

imaged can be picked up by the imaging camera 21. 

        In this way, the grooving groove 5 and the cut 

groove 6 can be easily distinguished from each othe r.  For 

this reason, the positional deviation of the cut gr oove 6 

from the grooving groove 5 can be detected through 

superposing the first picked-up image 100 and the s econd 

picked-up image 101 by the detection unit 23.  With  the 

indexing means 18 controlled by the control unit 24  on 
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the basis of the positional deviation detected by t he 

detection unit 23, the position of the cutting blad e 172 

can be adjusted so that the center 8 of the outermo st 

width L1 of the grooving groove 5 and the center 9 of the 

width L2 of the cut groove 6 will coincide with eac h 

other with high accuracy.  Consequently, the wafer W can 

be favorably divided into individual chips. 

        The present invention is not limited to the  details 

of the above described preferred embodiment.  The s cope of 

the invention is defined by the appended claims and  all 

changes and modifications as fall within the equiva lence 

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

by the invention. 
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WHAT IS CLAIMED IS: 

        1.  A cutting apparatus for cutting a wafer  formed 

with grooving grooves through application of a lase r beam 

along a plurality of division lines which partition  a 

plurality of devices from each other, the cutting 

apparatus comprising: 

        a chuck table adapted to hold the wafer the reon; 

        cutting means for cutting the wafer held on  the 

chuck table along each of the grooving grooves by a  

cutting blade; 

        indexing means for indexing the cutting mea ns and 

the chuck table relative to each other in an indexi ng 

direction; and 

        width measuring means for measuring a width  of the 

grooving groove and a width of a cut groove, 

        wherein the width measuring means includes an 

imaging camera for imaging the grooving groove and the 

cut groove, and illuminating means for illuminating  an 

area to be imaged by the imaging camera, 

        the illuminating means includes a light qua ntity 

switching section by which first light having a fir st 

light quantity when the imaging camera images the 

grooving groove and second light having a second li ght 

quantity when the imaging camera images the cut gro ove 

are switched over, and 
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        the cutting apparatus further comprises: 

        a detection unit for detecting a positional  

deviation of the cut groove from the grooving groov e, on 

the basis of a first image picked up by the imaging  

camera using the first light and a second image pic ked up 

by the imaging camera using the second light; and 

        a control unit for controlling the indexing  means 

on the basis of the positional deviation detected b y the 

detection unit so as thereby to make a width-direct ional 

center of the grooving groove and a width-direction al 

center of the cut groove coincide with each other. 


