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METHOD OF CUTTING WORKPIECE 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a method o f 

cutting a workpiece such as a semiconductor wafer, a 

bonded wafer, a packaged wafer, or the like. 

Description of the Related Art 

        There have been known cutting apparatus for  cutting 

various plate-shaped workpieces including semicondu ctor 

wafers with various devices formed thereon, optical  

device wafers with optical devices such as light em itting 

diodes (LEDs) or the like formed thereon, packaged 

substrates with a plurality of device chips molded by a 

resin, and so on, into individual device chips with  a 

cutting blade. 

        Such a workpiece has on a face side thereof  a 

device area with a plurality of devices formed ther ein 

and an outer peripheral extra area surrounding the device 

area.  When the device area is divided by a cutting  blade, 

the outer peripheral extra area that is also divide d and 

offcut chips are scattered.  This is liable to dama ge the 

cutting blade.  There has been proposed a processin g 

method in which the processing of a workpiece comes  to an 
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end while the areas of offcut chips are kept large in 

order not to scatter the offcut chips, as disclosed  in 

Japanese Patent Laid-Open No. 2014-204015 or Japane se 

Patent Laid-Open No. 2015-076561. 

 

SUMMARY OF THE INVENTION 

        Bonded wafers are made up of two wafers bon ded to 

each other.  If the bonding of an outer periphery o f such 

a bonded wafer is not strong enough, then when the outer 

periphery is divided into chips, offcut chips are e asily 

scattered.  To alleviate this drawback, there may b e 

carried out a processing method that selectively di ces 

only the device area of a workpiece with a cutting blade.  

According to such a processing method, the cutting blade 

cuts into a workpiece in a chopper cutting mode.  H owever, 

since the chopper cutting mode has a higher process ing 

rate than a traverse cutting mode in which the cutt ing 

blade processes the workpiece horizontally, the wor kpiece 

surface tends to produce large chippings.   

        It is therefore an object of the present in vention 

to provide a method of cutting a workpiece while 

restraining the production of surface chippings in a 

chopper cutting mode and at the same time preventin g 

offcut chips from being formed on an outer peripher al 
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extra area of the workpiece.  

        In accordance with an aspect of the present  

invention, there is provided a method of cutting a plate-

shaped workpiece having on a face side thereof a de vice 

area that is demarcated by a grid of projected dici ng 

lines into a plurality of subareas where respective  

devices are formed, and an outer peripheral extra a rea 

surrounding the device area, to form cut grooves ha ving a 

predetermined depth in the device area of the workp iece.  

The method includes: a holding step of holding the 

workpiece on a holding surface of a chuck table; a guide 

groove forming step of forming a guide groove to a depth 

smaller than a predetermined depth in the workpiece , the 

guide groove extending from an outer peripheral edg e to 

an end portion of the device area by causing a cutt ing 

blade to cut into the workpiece held on the holding  

surface of the chuck table from an outer peripheral  edge 

of the workpiece along one of the projected dicing lines; 

after the guide groove forming step, a first retrac ting 

step of retracting the cutting blade away from the 

workpiece by lifting the cutting blade; after the f irst 

retracting step, a device area processing step of f orming 

a groove to the predetermined depth in the workpiec e 

along the projected dicing line, the groove extendi ng 
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from the device area beyond an opposite end of the device 

area to a portion of the outer peripheral extra are a, 

after lowering the cutting blade toward and into th e 

guide groove in the device area and then positionin g a 

cutting edge thereof at the predetermined depth; an d 

after the device area processing step, a second 

retracting step of retracting the cutting blade awa y from 

the workpiece by lifting the cutting blade while le aving 

a portion of the outer peripheral extra area uncut,  in 

which surface chippings are prevented by the guide groove 

from being produced on the workpiece when the cutti ng 

blade is lowered toward and into the guide groove a t the 

device area processing step. 

        Preferably, the method further includes, be fore the 

holding step, a sticking step of sticking a dicing tape 

to a reverse side of the workpiece, in which the 

workpiece is held on the holding surface of the chu ck 

table through the dicing tape, and the cutting edge  of 

the cutting blade is caused to cut into the workpie ce as 

far as the dicing tape to form the groove to the 

predetermined depth, thereby fully severing the wor kpiece. 

        In the method according to the present inve ntion, 

since the cutting blade initially cuts the shallow guide 

groove in a traverse cutting mode in the outer peri pheral 
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extra area and a part of the device area contiguous  to 

the outer peripheral extra area, which will be proc essed 

by the cutting blade in a chopper cutting mode, sur face 

chippings are prevented from being produced particu larly 

in the device area when the device area is processe d by 

the cutting blade in the chopper cutting mode.  

Consequently, the outer peripheral extra area of th e 

workpiece is prevented from producing offcut chips when 

the workpiece is 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 some pre ferred 

embodiments of the invention. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

        FIG. 1 is a perspective view of a cutting a pparatus 

suitable for carrying out a method of cutting a wor kpiece 

according to the present invention; 

        FIG. 2A is a plan view of a bonded wafer ma de up of 

two wafers bonded to each other, supported on an an nular 

frame by a dicing tape; 
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        FIG. 2B is an enlarged fragmentary cross-se ctional 

view of the wafer and the dicing tape depicted in F IG. 

2A; 

        FIG. 3A is an enlarged fragmentary sectiona l side 

elevational view illustrating a guide groove formin g step 

and a first retracting step; 

        FIG. 3B is an enlarged fragmentary cross-se ctional 

view of the bonded wafer with guide grooves defined  

therein; 

        FIG. 3C is a plan view of the bonded wafer with cut 

grooves formed therein to a desired depth along som e 

projected dicing lines, following the formation of the 

guide grooves; 

        FIG. 4A is an enlarged fragmentary sectiona l side 

elevational view illustrating a device area process ing 

step; 

        FIG. 4B is a plan view of the bonded wafer after 

the device area processing step has been carried ou t 

along some projected dicing lines; 

        FIG. 5A is a plan view of the bonded wafer with 

guide grooves formed therein along all projected di cing 

lines that extend in a first direction; and 

        FIG. 5B is a plan view of the bonded wafer with cut 

grooves formed therein to a desired depth in a chop per 
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cutting mode. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

        Preferred embodiments of the present invent ion will 

be described in detail below with reference to the 

drawings.  FIG. 1 depicts in perspective a cutting 

apparatus 2 suitable for carrying out a method of c utting 

a workpiece according to the present invention.  As  

depicted in FIG. 1, the cutting apparatus 2 include s a 

support base 4 with a rectangular opening 4a define d in 

an upper surface thereof, the rectangular opening 4 a 

being elongate in X-axis directions (processing-fee d 

directions).  In the rectangular opening 4a, there are 

provided an X-axis movable table 6, an X-axis movin g 

mechanism, not depicted, for moving the X-axis mova ble 

table 6 in the X-axis directions, and a dust-proof and 

drip-proof cover 8 that covers the X-axis moving 

mechanism.  The X-axis moving mechanism includes a pair of 

X-axis guide rails, not depicted, extending paralle l to 

the X-axis directions.  The X-axis movable table 6 is 

slidably mounted on the X-axis guide rails.  

        The X-axis movable table 6 has on a lower s urface 

thereof a nut, not depicted, threaded over an X-axi s ball 

screw, not depicted, extending parallel to the X-ax is 
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guide rails.  The X-axis ball screw has an end coup led to 

an X-axis stepping motor, not depicted.  The nut, t he X-

axis ball screw, and the X-axis stepping motor serv e as 

part of the X-axis moving mechanism.  When the X-ax is 

stepping motor is energized to rotate the X-axis ba ll 

screw about its own axis, the X-axis ball screw cau ses 

the nut to move the X-axis movable table 6 in one o f the 

X-axis directions along the X-axis guide rails. 

        The X-axis movable table 6 supports thereon  a chuck 

table 10 for holding a workpiece under suction ther eon.  

The chuck table 10 is coupled to a rotary actuator,  not 

depicted, such as an electric motor or the like for  

rotation about an axis extending substantially para llel 

to Z-axis directions (vertical directions) perpendi cular 

to the X-axis directions.  The chuck table 10 can a lso be 

processing-fed in the X-axis directions by the X-ax is 

moving mechanism. 

        The chuck table 10 has an upper surface ser ving as 

a holding surface 10a for holding the workpiece und er 

suction thereon.  The holding surface 10a is made o f a 

porous material, for example, and connected to a su ction 

source, not depicted, through a channel, not depict ed, 

defined in the chuck table 10.  A plurality of clam ps 10b 

for securing the workpiece in place on the chuck ta ble 10 
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are provided surrounding the chuck table 10. 

        The workpiece includes, for example, a bond ed wafer 

made up of two wafers bonded to each other.  The wo rkpiece 

is stuck to a dicing tape held on an annular frame,  and 

will be handled together with the dicing tape and t he 

annular frame.  When the workpiece is handled toget her 

with the dicing tape and the annular frame, the wor kpiece 

is protected from impacts as the dicing tape and th e 

annular frame act as workpiece guards. 

        A protrusive block 12 projects laterally fr om a 

front corner of the support base 4 that is spaced f rom 

the rectangular opening 4a.  The protrusive block 1 2 has a 

space defined therein which houses a vertically mov able 

cassette elevator 16.  The cassette elevator 16 has  an 

upper surface for placing thereon a cassette 18 tha t can 

store a plurality of workpieces therein. 

        A delivery unit or transfer unit, not depic ted, for 

unloading a workpiece from the cassette 18 and deli vering 

the unloaded workpiece to the chuck table 10 is dis posed 

on the support base 4 at a position near the rectan gular 

opening 4a.  The workpiece that is unloaded from th e 

cassette 18 by the delivery unit is placed on the h olding 

surface 10a of the chuck table 10. 

        The cutting apparatus 2 further includes a support 
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structure 20 for supporting a cutting unit 14 for c utting 

a workpiece.  The support structure 20 is mounted o n an 

upper surface of the support base 4 in overhanging 

relation to the rectangular opening 4a.  The suppor t 

structure 20 supports on a front upper surface ther eof a 

cutting unit moving mechanism 22 for moving the cut ting 

unit 14 in Y-axis directions (indexing-feed directi ons) 

perpendicular to the X-axis directions and the Z-ax is 

directions) and also in the Z-axis directions.   

        The cutting unit moving mechanism 22 includ es a 

pair of Y-axis guide rails 24 disposed on a front s urface 

of the support structure 20 and extending parallel to the 

Y-axis directions.  The cutting unit moving mechani sm 22 

also includes a Y-axis movable plate 26 slidably mo unted 

on the Y-axis guide rails 24.  The Y-axis movable p late 26 

has on a reverse (rear) side thereof a nut, not dep icted, 

threaded over a Y-axis ball screw 28 extending para llel 

to the Y-axis guide rails 24.   

        The Y-axis ball screw 28 has an end coupled  to a Y-

axis stepping motor, not depicted.  The nut, the Y- axis 

ball screw 28, and the Y-axis stepping motor serve as 

part of the Y-axis moving mechanism 22.  When the Y -axis 

stepping motor is energized to rotate the Y-axis ba ll 

screw 28 about its own axis, the Y-axis ball screw 28 
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causes the nut to move the Y-axis movable table 26 in one 

of the Y-axis directions along the Y-axis guide rai ls 24. 

        The Y-axis movable plate 26 supports on a f ace 

(front) side thereof a pair of Z-axis guide rails 3 0 

extending parallel to the Z-axis directions.  A Z-a xis 

movable plate 32 is slidably mounted on the Z-axis guide 

rails 30. 

        The Z-axis movable plate 32 has on a revers e (rear) 

side thereof a nut, not depicted, threaded over a Z -axis 

ball screw 34 extending parallel to the Z-axis guid e 

rails 30.  The Z-axis ball screw 34 has an end coup led to 

a Z-axis stepping motor 36.  When the Z-axis steppi ng 

motor 36 is energized to rotate the Z-axis ball scr ew 34 

about its own axis, the Z-axis ball screw 34 causes  the 

nut to move the Z-axis movable table 32 in one of t he Z-

axis directions along the Z-axis guide rails 30. 

        The cutting unit 14 for processing a workpi ece and 

an image capturing unit 38 are fixedly mounted on a  lower 

arm of the Z-axis movable plate 32.  When the Y-axi s 

movable plate 26 is moved in one of the Y-axis dire ctions 

by the cutting unit moving mechanism 22, the cuttin g unit 

14 and the image capturing unit 38 are indexing-fed  in 

the Y-axis direction, and when the Z-axis movable p late 

32 is moved in one of the Z-axis directions, the cu tting 
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unit 14 and the image capturing unit 38 are moved i n the 

Z-axis direction, i.e., lifted or lowered.  

        The cutting apparatus 2 also includes a cle aning 

unit 40 disposed in a cylindrical cleaning space de fined 

in the upper surface of the support base 4 at a pos ition 

opposite the protrusive block 12 across the opening  4a.  A 

workpiece that has been cut by the cutting unit 14 is 

delivered from the chuck table 10 to the cleaning u nit 40 

by a delivery mechanism, not depicted.  The cleanin g unit 

40 includes a spinner table 42 for holding the work piece 

under suction in the cylindrical cleaning space.  T he 

spinner table 42 has a lower end coupled to a rotar y 

actuator, not depicted, such as an electric motor o r the 

like that rotates the spinner table 42 about its ow n axis 

at a predetermined speed.   

        An ejector nozzle 44 for ejecting a cleanin g fluid, 

typically a binary fluid that is a mixture of water  and 

air, toward the workpiece is disposed over the spin ner 

table 42.  While the spinner table 42 that holds th e 

workpiece is being rotated, the ejector nozzle 44 e jects 

the cleaning fluid to the workpiece to clean the 

workpiece that has been cut.  The workpiece that ha s been 

cleaned by the cleaning unit 40 is delivered by a 

delivery mechanism, not depicted, back to the casse tte 18, 
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in which the workpiece is stored.   

        FIG. 2A depicts in plan a frame unit 31 in which a 

bonded wafer 11 as a workpiece to which the method 

according to the present invention is applicable is  

supported on an annular frame F through a dicing ta pe T.  

FIG. 2B depicts in cross section the bonded wafer 1 1 that 

is stuck to the dicing tape T. 

        The bonded wafer 11 is made up of a first w afer 13 

and a second wafer 15 that are bonded to each other  by an 

adhesive.  The first wafer 13 has on a face side th ereof a 

device area 21 that is demarcated by a grid of proj ected 

dicing lines 17 into a plurality of subareas where 

respective devices 19 are formed, and an outer peri pheral 

extra area 23 surrounding the device area 21.   

        A method of cutting a workpiece according t o a 

first embodiment of the present invention will be 

described below with reference to FIGS. 3A through 3C and 

FIGS. 4A and 4B.   

        In preparation for carrying out the method 

according to the first embodiment, the frame unit 3 1 is 

prepared by bonding the reverse side of the second wafer 

15 of the bonded wafer 11 to the dicing tape T whos e 

outer peripheral edge is mounted on the annular fra me F, 

thereby supporting the bonded wafer 11 on the annul ar 
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frame F through the dicing tape T. 

        After the frame unit 31 is prepared, the me thod of 

cutting the bonded wafer 11 is carried out as follo ws:  

The frame unit 31 is delivered to the chuck table 1 0, and 

held under suction on the holding surface 10b of th e 

chuck table 10 with the dicing tape T interposed 

therebetween (holding step). 

        After the holding step is performed, as dep icted in 

FIG. 3A, the cutting unit 14 has its cutting blade 50 cut 

into the bonded wafer 11 held on the chuck table 10  from 

an outer peripheral edge thereof along one of the 

projected dicing lines 17, thereby forming a guide groove 

25 having a first depth in the bonded wafer 11, the  guide 

grooves 25 extending from the outer peripheral edge  of 

the bonded wafer 11 to an end portion of the device  area 

21, as shown in FIGS. 3B and 3C (guide groove formi ng 

step).  Then, the cutting blade 50 is lifted and re tracted 

away from the bonded wafer 11 (first retracting ste p). 

        After the first retracting step is performe d, the 

cutting blade 50 is lowered from the retracted posi tion 

toward and into the guide groove 25 in the device a rea 21 

and has its lowest cutting edge positioned at a sec ond 

depth larger than the first depth, as depicted in F IG. 4A.  

Thereafter, the chuck table 10 with the bonded wafe r 11 
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held thereon is processing-fed in the direction ind icated 

by the arrow X1, thereby forming a cut groove 27 ha ving 

the second depth in the bonded wafer 11 along at le ast 

the projected dicing line 17, the cut groove 27 ext ending 

from the device area 21 beyond an opposite end of t he 

device area 21 to a portion of the outer circumfere ntial 

extra area 23 (device area processing step).   

        In FIG. 4A, the direction indicated by the arrow X2 

represents a direction along which the cutting blad e 50 

cuts the cut groove in the bonded wafer 11 in the d evice 

area processing step. 

        After the device area processing step is ca rried 

out, while leaving uncut a portion of the outer 

peripheral extra area 23 adjoining the end of the d evice 

area 21, the cutting blade 50 is lifted and retract ed 

away from the bonded wafer 11, as depicted in FIG. 4A 

(second retracting step).   

        Consequently, the guide groove forming step , the 

first retracting step, the device area processing s tep, 

and the second retracting step are carried out 

successively along the same projected dicing line 1 7.  

Then, the cutting unit 14 is indexing-fed over the 

interval between adjacent projected dicing lines 17  in 

one of the Y-axis directions by the cutting unit mo ving 
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mechanism 22, and aligned with a next projected dic ing 

line 17 on the bonded wafer 11.  Thereafter, the gu ide 

groove forming step, the first retracting step, the  

device area processing step, and the second retract ing 

step are carried out successively along the next 

projected dicing line 17. 

        FIG. 3C depicts the state of the bonded waf er 11 

where a lowermost guide groove 25 has just been for med 

therein along a projected dicing line 17 at the end  of 

the guide groove forming step.  FIG. 4B depicts the  state 

of the bonded wafer 11 where the cut groove 27 has just 

been formed to the second depth along the same proj ected 

dicing line 17, following the guide groove forming step. 

        A method of cutting a workpiece according t o a 

second embodiment of the present invention will be 

described below with reference to FIGS. 5A and 5B.  In the 

method according to the second embodiment, guide gr ooves 

25 are formed to a first depth in the bonded wafer 11 

along all the projected dicing lines 17 that extend  in a 

first direction, as shown in FIG. 5A (guide groove 

forming step). 

        Then, the cutting blade 50 has its cutting edge cut 

into the bonded wafer 11 to a second depth larger t han 

the first depth in a chopper cutting mode along one  of 
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the projected dicing lines 17 that extend in the fi rst 

direction in which the guide grooves 25 having the first 

depth are formed, and then the chuck table 10 is 

processing-fed to form a cut groove 27 having the s econd 

depth in the bonded wafer 11 (device area processin g 

step).  The device area processing step is repeated  while 

the cutting unit 14 is indexing-fed in one of the Y -axis 

directions in FIG. 1, thereby forming cut grooves 2 7 in 

the bonded wafer 11 along all the projected dicing lines 

17, as depicted in FIG. 5B.  

        In the method according to the second embod iment, 

therefore, the guide grooves 25 are formed in the b onded 

wafer 11 along all the projected dicing lines 17 th at 

extend in the first direction, then the cutting bla de 50 

has its cutting edge cut into the guide groove 25 i n the 

bonded wafer 11 to the second depth in the chopper 

cutting mode, and the chuck table 10 is processing- fed 

and the cutting unit 14 is indexing-fed repeatedly to 

form the cut grooves 27 in the bonded wafer 11 

successively along all the projected dicing lines 1 7 that 

extend in the first direction. 

        Preferably, in the device area processing s tep, the 

lowermost cutting edge of the cutting blade 50 cuts  into 

the bonded wafer 11 as far as the dicing tape T to form 
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the cutting grooves 27 having the second depth, the reby 

fully severing the bonded wafer 11 along the projec ted 

dicing lines 17. 

        In the method according to the second embod iment, 

since the cutting blade 50 initially cuts the shall ow 

guide grooves 25 in the traverse cutting mode in th e 

outer peripheral extra area 23 and the device area 21 

contiguous to the outer peripheral extra area 23, w hich 

will be processed by the cutting blade 50 in the ch opper 

cutting mode, surface chippings are prevented from being 

produced when the device area processing step is ca rried 

out on the bonded wafer 11 in the chopper cutting m ode.  

Consequently, the outer peripheral extra area 23 of  the 

bonded wafer 11 is prevented from producing offcut chips 

when the bonded wafer 11 is cut by the cutting blad e 50. 

        After the guide groove forming step and the  device 

area processing step have been carried out along al l the 

projected dicing lines 17 that extend in the first 

direction, the chuck table 10 with the bonded wafer  11 

held thereon may be turned 90° about its own axis, and 

then the guide groove forming step and the device a rea 

processing step may be carried out along all the 

projected dicing lines 17 that extend in a second 

direction perpendicular to the first direction. 
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        When the guide groove forming step and the device 

area processing step are carried out on the bonded wafer 

11 along all the projected dicing lines 17 that ext end in 

the first and second directions, the device area 21  is 

divided into individual device chips with the respe ctive 

devices 19 disposed thereon, leaving the outer peri pheral 

extra area 23 of the bonded wafer 11 as an annular uncut 

portion. 

        While the method according to the present i nvention 

has been illustrated as being performed on the bond ed 

wafer 11 in the above embodiments, the workpiece th at is 

to be cut by the method according to the present 

invention is not limited to a bonded wafer, but the  

present invention is also applicable to a single wa fer, a 

packaged substrate, or the like. 

        The present invention is not limited to the  details 

of the above described preferred embodiments.  The scope 

of the invention is defined by the appended claims and 

all changes and modifications as fall within the 

equivalence of the scope of the claims are therefor e to 

be embraced by the invention. 
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WHAT IS CLAIMED IS: 

        1.  A method of cutting a plate-shaped workpiece  

having on a face side thereof a device area that is  

demarcated by a grid of projected dicing lines into  a 

plurality of subareas where respective devices are formed, 

and an outer peripheral extra area surrounding the device 

area, to form cut grooves to a predetermined depth in the 

device area  of the workpiece, comprising: 

        a holding step of holding the workpiece on a 

holding surface of a chuck table; 

        a guide groove forming step of forming a gu ide 

groove to a depth smaller than said predetermined d epth 

in the workpiece, said guide groove extending from said 

outer peripheral edge to an end portion of said dev ice 

area, by causing a cutting blade to cut into the 

workpiece held on the holding surface of said chuck  table 

from an outer peripheral edge of the workpiece alon g one 

of said projected dicing lines; 

        after the guide groove forming step, a firs t 

retracting step of retracting the cutting blade awa y from 

the workpiece by lifting the cutting blade; 

        after the first retracting step, a device a rea 

processing step of forming a groove to said predete rmined 

depth in the workpiece along the projected dicing l ine, 
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said groove extending from said device area beyond an 

opposite end of said device area to a portion of sa id 

outer peripheral extra area, after lowering the cut ting 

blade toward and into the guide groove in said devi ce 

area and then positioning a cutting edge thereof at  said 

predetermined depth; and 

        after the device area processing step, a se cond 

retracting step of retracting the cutting blade awa y from 

the workpiece by lifting the cutting blade while le aving 

a portion of said outer peripheral extra area uncut , 

        wherein surface chippings are prevented by the 

guide groove from being produced on the workpiece w hen 

the cutting blade is lowered toward and into the gu ide 

groove at the device area processing step. 

        2.  The method according to claim 1, further 

comprising: 

        before the holding step, a sticking step of  

sticking a dicing tape to a reverse side of the wor kpiece, 

        wherein the workpiece is held on the holdin g 

surface of said chuck table through the dicing tape ; and 

        the cutting edge of said cutting blade is c aused to 

cut into the workpiece as far as said dicing tape t o form 

the groove to said predetermined depth, thereby ful ly 

severing the workpiece. 


