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ANNULAR GRINDING STONE 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to an annular  

grinding stone for use as a cutting blade in a cutt ing 

apparatus. 

Description of the Related Art 

        Wafers, each substantially in the form of a  

circular plate made of a semiconductor, have a face  side 

demarcated into a plurality of areas by a grid of 

projected dicing lines, and devices such as integra ted 

circuits (ICs) or the like are formed in the respec tive 

demarcated areas.  The wafers are finally divided a long 

the projected dicing lines into individual device c hips, 

which will be used in electronic equipment.  In rec ent 

years, as efforts have been made to make the electr onic 

equipment which incorporates such device chips smal ler 

and thinner, there have been growing demands for sm aller 

and thinner device chips for use in electronic equi pment.  

For fabricating thinner device chips from a wafer, the 

reverse side of the wafer with a plurality of devic es 

formed on its face side is ground to thin the wafer  to a 

predetermined thickness, after which the wafer is d ivided 
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into device chips along projected dicing lines on t he 

face side of the wafer. 

        The wafer is divided into the device chips on a 

cutting apparatus equipped with an annular grinding  stone 

or cutting blade that has an annular cutting edge.  The 

annular grinding stone may be a hub blade having a nickel 

layer dispersed with diamond particles and 

electrodeposited on an aluminum base, for example ( see 

Japanese Patent Laid-Open No. 2000-87282).  The ann ular 

grinding stone may have a plurality of slits define d in 

the outer periphery of the cutting edge in order to  

discharge chips produced from a workpiece such as a  wafer 

or the like when it is processed by the annular gri nding 

stone and also to supply a cutting fluid to a proce ssing 

point where the workpiece is processed by the annul ar 

grinding stone for a high cooling effect. 

 

SUMMARY OF THE INVENTION 

        The slits are formed by removing portions o f the 

outer periphery of the cutting edge of the annular 

grinding stone.  If more portions of the outer peri phery 

of the cutting edge are removed to form the slits, then 

the proportion of regions of the entire outer perip hery 

of the annular grinding stone which are instrumenta l in 
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performing the cutting action of the annular grindi ng 

stone is reduced, resulting in a reduction in the 

processing efficiency.  Furthermore, the cutting ed ge 

stock that is removed may be so large that the mech anical 

strength of the annular grinding stone becomes too small 

to perform an appropriate cutting process.  For exa mple, 

if the mechanical strength of the annular grinding stone 

is not enough, the annular grinding stone tends to 

undulate or distort upon rotation, and is likely to  move 

along a meandering path in the workpiece. 

        It is therefore an object of the present in vention 

to provide an annular grinding stone which has an 

increased ability to discharge chips produced from a 

workpiece cut thereby and which provides an increas ed 

cooling effect on a processing point where the work piece 

is processed by the annular grinding stone, while k eeping 

at high levels the processing efficiency of a cutti ng 

process performed by the annular grinding stone and  the 

mechanical strength of the annular grinding stone. 

        In accordance with an aspect of the present  

invention, there is provided an annular grinding st one 

for use in a cutting apparatus, including an annula r 

cutting edge made of abrasive grains fixed in posit ion by 

metal.  The annular cutting edge has a plurality of  V-
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shaped slits defined in an outer circumferential po rtion 

thereof, each of the V-shaped slits extending 

continuously from one side surface of the annular c utting 

edge to an other side surface thereof.  Each of the  V-

shaped slits is defined by a first surface and a se cond 

surface of the annular cutting edge, the first surf ace 

being positioned rearwardly of the second surface w ith 

respect to a direction along which the annular grin ding 

stone rotates in the cutting apparatus, and the sec ond 

surface being positioned forwardly of the first sur face 

with respect to the direction along which the annul ar 

grinding stone rotates in the cutting apparatus.  T he 

first surface lies perpendicularly to the direction  along 

which the annular grinding stone rotates at a radia lly 

outer end thereof and parallel to thicknesswise 

directions of the annular cutting edge.  The second  

surface is inclined with respect to the first surfa ce at 

an angle ranging from 30° to 60°. 

        The annular grinding stone according to the  aspect 

of the present invention has the V-shaped slits def ined 

in the outer circumferential portion thereof.  Each  of the 

V-shaped slits is defined by the first surface and the 

second surface of the annular cutting edge, the fir st 

surface being positioned rearwardly of the second s urface 
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with respect to a direction along which the annular  

grinding stone rotates in the cutting apparatus, an d the 

second surface being positioned forwardly of the fi rst 

surface with respect to the direction along which t he 

annular grinding stone rotates in the cutting appar atus.  

The first surface lies perpendicularly to the direc tion 

along which the annular grinding stone rotates at t he 

radially outer end thereof and parallel to the 

thicknesswise directions of the annular cutting edg e.  The 

second surface is inclined with respect to the firs t 

surface at the angle ranging from 30° to 60°.  The first 

surface is oriented in such a direction as to enabl e the 

cutting edge to contact and cut effectively into th e 

workpiece when the annular grinding stone cuts the 

workpiece.  The second surface is oriented in such a 

direction with respect to the first surface as to p rovide 

a space suitable for discharging chips and supplyin g a 

cutting fluid between the cutting edge and the work piece, 

and also to give the annular grinding stone a suffi cient 

cutting capability and a required mechanical streng th.  

According to the aspect of the present invention, 

therefore, there is provided an annular grinding st one 

which has an increased ability to discharge chips 

produced from a workpiece cut thereby and which pro vides 
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an increased cooling effect on a processing point w here 

the workpiece is processed by the annular grinding stone, 

while keeping at high levels the processing efficie ncy of 

a cutting process performed by the annular grinding  stone 

and the mechanical strength of the annular grinding  stone. 

        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 schematically 

depicting a cutting apparatus; 

        FIG. 2 is an exploded perspective view 

schematically depicting the structure of a cutting unit; 

        FIG. 3A is a side elevational view schemati cally 

depicting an annular grinding stone according to an  

embodiment of the present invention; and 

        FIG. 3B is an enlarged fragmentary side ele vational 

view schematically depicting the annular grinding s tone. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

        An annular grinding stone according to an 

embodiment of the present invention will be describ ed in 

detail below with reference to the drawings.  FIG. 1 

schematically depicts in perspective a cutting appa ratus 

2 for cutting a workpiece such as a wafer of the li ke, 

the cutting apparatus 2 incorporating the annular 

grinding stone according to the present embodiment.   As 

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

main housing 4 accommodating therein a cutting unit  8 

that is equipped with the annular grinding stone or  

cutting blade, denoted by 6, according to the prese nt 

embodiment.  The cutting apparatus 2 includes a hol ding 

table 10 for holding a workpiece thereon, disposed below 

the cutting unit 8.  The main housing 4 includes an  outer 

covering 12 that extends around the cutting apparat us 2 

and which has a front wall with a touch-panel displ ay 

monitor 14 mounted thereon.  The touch-panel displa y 

monitor 14 displays operation status details of the  

cutting apparatus 2.  The operator of the cutting 

apparatus 2 can enter commands for the cutting appa ratus 

2 through the touch-panel display monitor 14.  A re st 

table 16 for placing thereon a cassette 13 that hou ses a 

plurality of workpieces 11 therein is disposed in a  
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corner of the main housing 4 of the cutting apparat us 2.  

The rest table 16 is vertically movable to position  the 

cassette 13 at a predetermined height for loading a  

workpiece 11 into and unloading a workpiece 11 out of the 

cutting apparatus 2. 

        Each of the workpieces 11 has a plurality o f 

intersecting projected dicing lines or streets 

established on a face side thereof and demarcating the 

face side into a plurality of areas where devices s uch as 

ICs or the like are formed.  When the workpiece 11 is cut 

along the projected dicing lines by the cutting app aratus 

2, the workpiece 11 is divided into individual devi ce 

chips carrying the respective devices.  A dicing ta pe 

mounted on an annular frame is stuck to the reverse  side 

of the workpiece 11.  The workpiece 11 is handled a s a 

frame unit wherein it is integrally combined with t he 

annular frame and the dicing tape.  When the casset te 13 

with the workpieces 11 housed therein is placed on the 

rest table 16, a feed mechanism, not depicted, in t he 

cutting apparatus 2 unloads one of the workpieces 1 1 from 

the cassette 13 and places the unloaded workpiece 1 1 onto 

the holding table 10.  The holding table 10 holds t he 

workpiece 11 thereon under a vacuum pressure applie d from 

a suction source, not depicted.  For cutting the wo rkpiece 
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11, the cutting unit 8 is set to a predetermined ve rtical 

position, and the holding table 10 is processing-fe d in 

an X-axis direction.  The annular grinding stone or  

cutting blade 6 on the cutting unit 8 is rotated ab out 

its own axis and caused to cut into the workpiece 1 1, 

thereby cutting the workpiece 11.  The cutting unit  8 is 

movable in a Y-axis direction perpendicular to the X-axis 

direction, and is indexing-fed in the Y-axis direct ion 

after the annular grinding stone 6 has cut the work piece 

11 all the way along one projected dicing line. 

        Structural details of the cutting unit 8 wi ll be 

described below with reference to FIG. 2.  FIG. 2 d epicts 

the structure of the cutting unit 8 in exploded 

perspective.  As depicted in FIG. 2, the cutting un it 8 

includes a spindle housing 18 fixed to a moving mec hanism, 

not depicted, in the cutting apparatus 2, for examp le.  A 

spindle 20 that extends in Y-axis directions is rot atably 

supported in the spindle housing 18, and has a fron t 

distal end projecting forwardly from the spindle ho using 

18.  The rear end of the spindle 20 is coupled to a n 

electric motor disposed in the spindle housing 18.  A rear 

flange assembly 22 is mounted on the front distal e nd of 

the spindle 20.  The rear flange assembly 22 includ es a 

flange 24 extending radially outwardly and a boss 2 6 
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projecting axially forwardly from a front surface o f the 

flange 24.  The flange 24 has an abutment surface 2 4a on 

an outer peripheral side portion thereof for abutme nt 

against a rear side surface of the annular grinding  stone 

6.  The abutment surface 24a is of an annular shape  as 

viewed along axial directions of the spindle 20, i. e., 

the Y-axis directions.  The boss 26 is of a hollow 

cylindrical shape and has an externally threaded ou ter 

circumferential surface 26a. 

        The annular grinding stone 6 has a circular  opening 

6a defined centrally therein for receiving the boss  26 

inserted therein.  When the boss 26 is inserted in the 

opening 6a, the annular grinding stone 6 is mounted  on 

the rear flange assembly 22.  When an annular mount ing nut 

28 is threaded and tightened over the externally th readed 

outer circumferential surface 26a of the boss 26, t he 

annular grinding stone 6 is gripped between the ann ular 

mounting nut 28 and the rear flange assembly 22, an d 

hence is mounted in place on the cutting unit 8.  T he 

mounting nut 28 has an opening 28a defined therein by an 

inner wall surface thereof that is internally threa ded 

for threaded engagement with the externally threade d 

outer circumferential surface 26a of the boss 26. 

        The annular grinding stone 6 will be descri bed in 
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detail below.  As depicted in FIG. 2, the annular g rinding 

stone 6 includes an annular aluminum base 6b with a  

circular opening 6a defined centrally therein and a n 

annular cutting edge 6c made of abrasive grains fix ed in 

position by metal to an outer circumferential surfa ce of 

the annular aluminum base 6b.  FIG. 3A schematicall y 

depicts in side elevation the annular grinding ston e 6 

according to the present embodiment. 

        As depicted in FIG. 3A, the annular grindin g stone 

6 has the central circular opening 6a through which  the 

boss 26 is to extend.  As described above, the annu lar 

grinding stone 6 includes the annular aluminum base  6b 

with the circular opening 6a defined centrally ther ein 

and the annular cutting edge 6c disposed on the out er 

circumferential surface of the annular aluminum bas e 6b.  

When the spindle 20 rotates about its own axis, the  

annular grinding stone 6 fixedly mounted on the cut ting 

unit 8 rotates about its own axis.  When the cuttin g edge 

6c of the rotating annular grinding stone 6 is brou ght 

into contact with the workpiece 11, the cutting edg e 6c 

cuts the workpiece 11.  The cutting edge 6c has a 

plurality of V-shaped slits 32 defined at regular 

intervals in an outer circumferential portion there of.  

Each of the slits 32 extends continuously from one side 
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surface of the cutting edge 6c to the other side su rface 

thereof.  FIG. 3B schematically depicts the cutting  edge 

6c of the annular grinding stone 6 in enlarged 

fragmentary side elevation.  As depicted in FIGS. 3 A and 

3B, each of the slits 32 is defined by and between a 

first surface 32a and a second surface 32b of the c utting 

edge 6c that are spaced from each other in the 

circumferential directions of the cutting edge 6c.  The 

first surface 32a is positioned rearwardly of the s econd 

surface 32b with respect to the direction indicated  by an 

arrow 30 along which the annular grinding stone 6 r otates 

in the cutting apparatus 2, and the second surface 32b is 

positioned forwardly of the first surface 32a with 

respect to the direction indicated by the arrow 30.   In 

other words, the first surface 32a and the second s urface 

32b are exposed in the slit 32. 

        The first surface 32a lies perpendicularly to the 

direction indicated by the arrow 30 at a radially o uter 

end thereof and parallel to the thicknesswise direc tions 

of the cutting edge 6c.  In other words, the first surface 

32a extends parallel to a radial direction of the a nnular 

grinding stone 6.  When the annular grinding stone 6 cuts 

the workpiece 11, the first surface 32a enables the  

cutting edge 6c at the first surface 32a to contact  and 
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cut effectively into the workpiece 11, thereby cutt ing 

the workpiece 11 efficiently.  The second surface 3 2b is 

inclined with respect to the first surface 32a at a n 

angle 34 ranging from 30° to 60°.  Specifically, th e 

second surface 32b is oriented in such a direction with 

respect to the first surface 32a as to provide a sp ace 

suitable for discharging chips and supplying a cutt ing 

fluid between the cutting edge 6c and the workpiece  11, 

and also to give the annular grinding stone 6 a 

sufficient cutting capability and a required mechan ical 

strength.  If the angle 34 is smaller than 30°, the n a 

sufficient space for discharging chips and supplyin g a 

cutting fluid cannot be provided between the cuttin g edge 

6c and the workpiece 11.  If the angle 34 exceeds 6 0°, 

then the cutting capability of the annular grinding  stone 

6 is unduly lowered, and the mechanical strength of  the 

annular grinding stone 6 becomes smaller than a req uired 

level.  The angle 34 formed between the first and s econd 

surfaces 32a and 32b of each of the V-shaped slits 32 

should preferably be in the range of 40° to 60° and  more 

preferably be in the range of 45° to 56°. 

        For example, the first surface 32a of each of the 

V-shaped slits 32 has a length of 2 mm in a radial 

direction of the annular grinding stone 6, whereas the 
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second surface 32b thereof is inclined at an angle 34 of 

45° with respect to the first surface 32a.  The edg e of 

the first surface 32a at the outer periphery of cut ting 

edge 6c and the edge of the second surface 32b at t he 

outer periphery of cutting edge 6c are then spaced from 

each other by a distance of 2 mm.  The cutting edge  6c has 

16 V-shaped slits 32, for example, which are laid o ut 

such that the cutting edge 6c has rotational symmet ry. 

        An experiment was conducted to examine the 

relationship between angles 34 of V-shaped slits 32  

defined in cutting edges 6c of annular grinding sto nes 6 

and cutting processes for cutting workpieces 11 wit h the 

annular grinding stones 6.  The experiment and its results 

will be described below.  In the experiment, three annular 

grinding stones 6 having cutting edges 6c with 

differently shaped V-shaped slits 32 were prepared,  resin 

substrates were cut by the annular grinding stones 6, and 

the sizes of burrs left in cut grooves formed in th e 

substrates were checked.  Each of the annular grind ing 

stones 6 had 16 V-shaped slits 32 defined in the cu tting 

edge 6c.  In each of the annular grinding stones 6,  each 

of the first surfaces 32a of the V-shaped slits 32 had a 

length of 2 mm in a radial direction of the annular  

grinding stone 6.  The edges of the first surfaces 32a at 
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the outer peripheries of the cutting edges 6c of th e 

three annular grinding stones 6 and the edges of th e 

second surfaces 32b at the outer peripheries of the  

cutting edges 6c thereof were spaced from each othe r by 

different distances.  Specifically, the distance in  the 

first annular grinding stone 6 was 1 mm, the distan ce in 

the second annular grinding stone 6 was 2 mm, and t he 

distance in the third annular grinding stone 6 was 3 mm.  

In other words, the angles 34 in the respective ann ular 

grinding stones 6 were 26.6°, 45°, and 56.3°. 

        The resin substrates were cut using the thr ee 

annular grinding stones 6, and resin burrs left in cut 

grooves formed in the resin substrates were observe d 

using an optical microscope.  In the cutting proces s 

performed using the first annular grinding stone 6,  it 

was confirmed that burrs were deposited at distance s 

ranging from 0.15 to 0.20 mm from the walls of the cut 

grooves.  In the cutting process performed using th e 

second annular grinding stone 6, it was confirmed t hat 

burrs were deposited at distances ranging from 0.05  to 

0.07 mm from the walls of the cut grooves.  In the cutting 

process performed using the third annular grinding stone 

6, it was confirmed that burrs were deposited at 

distances ranging from 0.03 to 0.05 mm from the wal ls of 
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the cut grooves.  According to the experiment, it w as 

confirmed that the resin burrs left in the processe d 

grooves by the cutting processes performed using th e 

second and third annular grinding stones 6 were muc h less 

than the resin burrs left in the processed grooves by the 

cutting process performed using the first annular 

grinding stone 6.  According to the experiment, the refore, 

it was confirmed that the annular grinding stone 6 

according to the present embodiment is capable of 

efficiently removing chips produced by a cutting pr ocess 

and obtaining good processed results. 

        According to the present embodiment, the cu tting 

edge 6c is produced by fixing abrasive grains of di amond, 

for example, to the outer circumferential surface o f the 

annular aluminum base 6b with plated metal, and the n 

forming a plurality of V-shaped slits 32 in the fix ed 

abrasive grains.  The V-shaped slits 32 may be form ed to a 

nicety by a wire electric discharge machining proce ss 

performed on a wire electric discharge machine havi ng a 

copper wire, for example. 

        For cutting a workpiece 11 with the cutting  

apparatus 2 (see FIG. 1) that includes the cutting unit 8 

having the annular grinding stone 6 according to th e 

present invention, the cassette 13 that houses work pieces 
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11 therein is placed on the rest table 16 of the cu tting 

apparatus 2.  Then, one of the workpieces 11 is unl oaded 

from the cassette 13, placed onto the holding table  10, 

and secured to the holding table 10.  Then, the ele ctric 

motor housed in the spindle housing 18 and coupled to the 

spindle 20 is energized to rotate the spindle 20 ab out 

its own axis, thereby rotating the annular grinding  stone 

6.  Then, the annular grinding stone 6 is positione d at a 

predetermined height with respect to the holding ta ble 10.  

The cutting edge 6c of the annular grinding stone 6  is 

positioned in alignment with an extension of one of  the 

projected dicing lines on the workpiece 11, so that  the 

cutting edge 6c can cut the workpiece 11 along the 

projected dicing line that has been aligned with th e 

cutting edge 6c. 

        Now, the holding table 10 and the cutting u nit 8 

are moved relatively with each other in a processin g-feed 

direction, i.e., the X-axis direction, causing the 

cutting edge 6c of the annular grinding stone 6 to incise 

into and cut the workpiece 11 along the projected d icing 

line.  After the workpiece 11 has cut along the pro jected 

dicing line, the holding table 10 is moved in an 

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

bring the cutting edge 6c of the annular grinding s tone 6 
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into alignment with an extension of a next projecte d 

dicing line on the workpiece 11.  Then, the cutting  edge 

6c of the annular grinding stone 6 incises into and  cuts 

the workpiece 11 along the next projected dicing li ne.  In 

this manner, the cutting edge 6c of the annular gri nding 

stone 6 cuts the workpiece 11 successively along th e 

projected dicing lines that extend parallel to one 

direction.  Thereafter, the holding table 10 is tur ned 90°, 

and the cutting edge 6c of the annular grinding sto ne 6 

cuts the workpiece 11 successively along the remain ing 

projected dicing lines of the grid of projected dic ing 

lines.  When the cutting edge 6c of the annular gri nding 

stone 6 has cut the workpiece 11 along all the proj ected 

dicing lines thereon, the workpiece 11 is divided i nto 

individual device chips. 

        The present invention is not limited to the  

embodiment described above, but various changes and  

modifications may be made in the embodiment.  For e xample, 

though the annular grinding stone according to the 

embodiment is illustrated as a hub blade having an 

aluminum base and a cutting edge, the present inven tion 

is not limited to such an annular grinding stone, b ut 

covers other types of annular grinding stones, e.g. , an 

annular grinding stone (cutting blade) of the washe r type 
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including no base or an annular grinding stone (cut ting 

blade) of the metal blade type with a base. 

        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.  An annular grinding stone for use in a cutting 

apparatus, comprising: 

        an annular cutting edge made of abrasive gr ains 

fixed in position by metal, 

        wherein said annular cutting edge has a plu rality 

of V-shaped slits defined in an outer circumferenti al 

portion thereof, each of said V-shaped slits extend ing 

continuously from one side surface of said annular 

cutting edge to an other side surface thereof, 

        each of said V-shaped slits is defined by a  first 

surface and a second surface of said annular cuttin g edge, 

said first surface being positioned rearwardly of s aid 

second surface with respect to a direction along wh ich 

said annular grinding stone rotates in the cutting 

apparatus, and said second surface being positioned  

forwardly of said first surface with respect to the  

direction along which said annular grinding stone r otates 

in the cutting apparatus, 

        said first surface lies perpendicularly to the 

direction along which said annular grinding stone r otates 

at a radially outer end thereof and parallel to 

thicknesswise directions of said annular cutting ed ge, 

and 
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        said second surface is inclined with respec t to 

said first surface at an angle ranging from 30° to 60°. 

        2.  An annular grinding stone for use in a cutting 

apparatus, comprising: 

        an annular aluminum base; and 

        an annular cutting edge made of abrasive gr ains 

fixed in position by metal to an outer circumferent ial 

surface of said annular aluminum base, 

        wherein said annular cutting edge has a plu rality 

of V-shaped slits defined in an outer circumferenti al 

portion thereof, each of said V-shaped slits extend ing 

continuously from one side surface of said annular 

cutting edge to an other side surface thereof, 

        each of said V-shaped slits is defined by a  first 

surface and a second surface of said annular cuttin g edge, 

said first surface being positioned rearwardly of s aid 

second surface with respect to a direction along wh ich 

said annular grinding stone rotates in the cutting 

apparatus, and said second surface being positioned  

forwardly of said first surface with respect to the  

direction along which said annular grinding stone r otates 

in the cutting apparatus, 

        said first surface lies perpendicularly to the 

direction along which said annular grinding stone r otates 



22 

at a radially outer end thereof and parallel to 

thicknesswise directions of said annular cutting ed ge, 

and 

        said second surface is inclined with respec t to 

said first surface at an angle ranging from 30° to 60°. 


