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CUTTING BLADE 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a cutting blade 

for use in cutting a workpiece. 

Description of the Related Art 

        A plurality of device chips with devices in cluded 

separately in the respective device chips is manufa ctured 

by dividing and singulating a wafer on which the de vices 

are formed.  Further, a package substrate is obtain ed by 

mounting the plurality of device chips on a predete rmined 

substrate and packaging the mounted device chips wi th an 

encapsulant (molding resin) made of resin.  A plura lity of 

package devices with the packaged device chips incl uded 

separately in the respective package devices is the n 

manufactured by dividing and singulating the packag e 

substrate.  Device chips and package devices are 

incorporated in various kinds of electronic equipme nt 

such as mobile phones and personal computers. 

        For dividing a workpiece such as the above-

described wafer or package substrate, a cutting app aratus 

is used.  The cutting apparatus includes a chuck ta ble 

that holds the workpiece thereon, and a cutting uni t that 
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applies cutting processing to the workpiece, and an  

annular cutting blade is mounted on the cutting uni t to 

cut the workpiece.  By rotating the cutting blade a nd 

allowing the cutting blade to cut in the workpiece held 

on the chuck table, the workpiece is cut and divide d. 

        As the cutting blade to be mounted on the c utting 

apparatus, a hub-type cutting blade (hub blade) or a 

washer-type cutting blade (washer blade) is used.  The hub 

blade is a cutting blade in which an annular hub an d an 

annular cutting blade formed along an outer periphe ral 

edge of the hub are integrated.  On the other hand,  the 

washer blade is a cutting blade configured of an an nular 

cutting blade alone.  When cutting a workpiece, an 

appropriate blade is selected according to the mate rial, 

processing conditions, and the like of the workpiec e. 

        The cutting unit of the cutting apparatus i ncludes 

a spindle that functions as a rotating shaft, and a  mount 

fixed on a distal end portion of the spindle, and t he 

cutting blade is mounted on the mount.  Described 

specifically, the hub blade is mounted on the mount  such 

that a support shaft (boss portion) for the mount i s 

inserted in an opening formed in the hub and the cu tting 

blade.  On the other hand, the washer blade is held  

between the mount and a fixing member called a 
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“detachable flange,” whereby the washer blade is mo unted 

on the mount. 

        The hub blade and the washer blade are diff erent in 

construction, shape, dimensions, and the like, and are 

also different in the mounting method on the mount.   When 

replacing, for example, the hub blade, which is mou nted 

on the cutting unit, with the washer blade, a need also 

arises for work to replace a hub blade mount with a  

washer blade mount.  Blade replacement work therefo re 

requires labor and time. 

        A method has hence been proposed to simplif y the 

replacement work of a cutting blade by using a cutt ing 

blade (hubbed blade) in which a washer blade is 

integrated with an annular hub (see JP 2012-135833A ).  Use 

of this hubbed blade enables to mount a washer blad e on a 

hub blade mount, and hence obviates the replacement  work 

of the mount. 

 

SUMMARY OF THE INVENTION 

        The above-described hubbed blade is manufac tured by 

joining the annular hub and the annular blade (wash er 

blade) together.  Described specifically, the hub a nd the 

blade which is greater in outer diameter than the h ub are 

separately and independently formed, and are then b onded 
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together between first surfaces thereof via an adhe sive.  

As a consequence, the hub and the blade are joined 

together with the blade protruding at an outer peri pheral 

portion thereof from an outer peripheral edge of th e hub, 

thereby obtaining a cutting blade (hubbed blade) th at can 

cut a workpiece with the outer peripheral portion o f the 

blade. 

        Depending on the materials of the hub and t he blade 

and the material of the adhesive, however, the join ing 

between the hub and the blade may not be provided w ith a 

sufficient strength.  If a workpiece is cut using a  hubbed 

blade of such a quality, the blade may come off and  

separate from the hub by loads applied to the outer  

peripheral portion of the blade, thereby possibly c ausing 

a processing failure, breakage of the blade, and/or  the 

like. 

        With the foregoing problem in view, the pre sent 

invention has as an object thereof the provision of  a 

cutting blade that can provide an improved joining 

strength between a hub and a blade. 

        In accordance with an aspect of the present  

invention, there is provided a cutting blade includ ing an 

annular hub, and an annular blade.  The hub and the  blade 

are joined together between first surfaces thereof via an 
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adhesive.  The blade has a first region including a n outer 

peripheral edge of the blade, and a second region i nside 

the first region.  The first region has first reces sed 

portions existing in the first surface of the blade .  The 

second region has, in the first surface of the blad e, 

second recessed portions having a greater width tha n that 

of the first recessed portions existing in the firs t 

surface.  The adhesive is in contact with the secon d 

region of the blade. 

        Preferably, the second recessed portions ma y have a 

width of 20 µm or greater and 100 µm or smaller.  A lso 

preferably, the hub may include, on the first surfa ce 

thereof, a region in which recessed portions are fo rmed, 

and the adhesive may be also in contact with the re gion 

of the hub.  Also preferably, the blade may include  

abrasive grits, and a bonding material fixing the 

abrasive grits, and the bonding material may be a r esin 

bond, a metal bond, or a vitrified bond. 

        In the cutting blade according to the aspec t of the 

present invention, the second region of the blade h as, in 

the first surface thereof, the second recessed port ions 

having the greater width than that of the first rec essed 

portions existing in the first surface in the first  

region, and the adhesive is in contact with the sec ond 
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region of the blade.  Owing to these features, an 

increased area of contact is provided between the b lade 

and the adhesive, whereby an improved joining stren gth 

can be provided between the hub and the 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 an exploded perspective view depi cting a 

cutting blade according to an embodiment of the pre sent 

invention; 

        FIG. 2A is a plan view depicting a blade of  the 

cutting blade of FIG. 1; 

        FIG. 2B is an enlarged fragmentary cross-se ctional 

view depicting a first region of the blade of FIG. 2A; 

        FIG. 2C is an enlarged fragmentary cross-se ctional 

view depicting a second region of the blade of FIG.  2A; 

        FIG. 3A is a perspective view depicting the  cutting 

blade of FIG. 1; 
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        FIG. 3B is a cross-sectional view depicting  the 

cutting blade of FIG. 1; 

        FIG. 4 is an enlarged fragmentary cross-sec tional 

view depicting the cutting blade of FIG. 1 with a h ub and 

the blade joined together via an adhesive; 

        FIG. 5A is a plan view depicting a modifica tion of 

the blade of the cutting blade of FIG. 1, the blade  

including a plurality of second recessed portions ( slits) 

formed in a concentric pattern; 

        FIG. 5B is a plan view depicting another 

modification of the blade of the cutting blade of F IG. 1, 

the blade including a plurality of radially formed second 

recessed portions (slits); 

        FIG. 6A is a plan view depicting a modifica tion of 

the hub of the cutting blade of FIG. 1, the hub inc luding 

a recessed-projected region (dimpled region); 

        FIG. 6B is an enlarged fragmentary cross-se ctional 

view depicting the recessed-projected region (dimpl ed 

region) of the hub of FIG. 6A; 

        FIG. 7 is an enlarged fragmentary cross-sec tional 

view depicting a cutting blade in which the hub of FIGS. 

6A and 6B, which includes the recessed-projected re gion 

(dimpled region), and the blade of FIGS. 1 to 4 are  

joined together via the adhesive; 



8 

        FIG. 8 is an exploded perspective view depi cting a 

cutting blade which is similar to the cutting blade  of 

FIG. 1 and includes another modification of the hub  of 

the cutting blade of FIG. 1 that includes recessed 

portions in a shape of a groove; 

        FIG. 9 is a cross-sectional view depicting the 

cutting blade of FIG. 8 which has the hub including  the 

recessed portions in the shape of the groove; 

        FIG. 10 is a perspective view depicting a c utting 

apparatus on which the cutting blade of the present  

invention, specifically, the cutting blade of FIG. 1 is 

mounted; and 

        FIG. 11 is a perspective view depicting a c utting 

unit of the cutting apparatus of FIG. 10, the cutti ng 

blade of FIG. 1 being mounted on the cutting unit. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

        With reference to the attached drawings, an  

embodiment of the present invention will hereinafte r be 

described.  A description will first be made about a 

configuration example of a cutting blade 2 accordin g to 

the present embodiment.  FIG. 1 is an exploded pers pective 

view depicting the cutting blade 2.  The cutting bl ade 2 

includes an annular hub 4 and an annular blade 6, a nd is 
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a hubbed blade formed by integrating the hub 4 and the 

blade 6 together. 

        The hub 4 is made, for example, of a metal such as 

an aluminum alloy, and includes a first surface (fr ont 

surface) 4a and a second surface (back surface) 4b,  which 

are substantially parallel to each other, and an ou ter 

peripheral edge (outer peripheral surface) 4c.  At a 

central portion of the hub 4, a cylindrical opening  4d is 

formed extending through the hub 4 in a thickness 

direction from the first surface 4a to the second s urface 

4b. 

        The blade 6 is a washer blade formed in an annular 

shape, and contains abrasive grits made of diamond,  cubic 

boron nitride (cBN), or the like and a bonding mate rial 

fixing the abrasive grits.  As the bonding material , a 

resin bond, a metal bond, or a vitrified bond is us ed, 

for example.  The material and grit size of the abr asive 

grits and the material and the like of the bonding 

material, both contained in the blade 6, can be sel ected 

as needed according to the specification of the cut ting 

blade 2.  A description will hereinafter be made pr imarily 

assuming a case in which the blade 6 is a blade (re sin 

bond blade) in which abrasive grits are fixed with a 

resin bond. 
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        The blade 6 includes a first surface (front  

surface) 6a and a second surface (back surface) 6b,  which 

are substantially parallel to each other, and an ou ter 

peripheral edge (outer peripheral surface) 6c exten ding 

to the first surface 6a and the second surface 6b.  At a 

central portion of the blade 6, a cylindrical openi ng 6d 

is formed extending through the blade 6 in a thickn ess 

direction from the first surface 6a to the second s urface 

6b.  The opening 6d defines a side surface (inner 

peripheral surface) of the blade 6 which is exposed  

inside the opening 6d. 

        FIG. 2A is a plan view depicting the blade 6 of the 

cutting blade 2 of FIG. 1.  The blade 6 has a first  region 

8 including the outer peripheral edge 6c of the bla de 6, 

and a second region 10 inside the first region 8.  For 

example, the first region 8 is an annular region wh ich is 

located along the outer peripheral edge 6c and whic h has 

a predetermined width (length in a radial direction  of 

the blade 6), and is equivalent to an outer periphe ral 

portion of the blade 6.  Further, the second region  10 is, 

for example, an annular region which is located ins ide 

the first region 8 in the radial direction of the b lade 6 

and outside the opening 6d in the radial direction of the 

blade 6 and which has a predetermined width (length  in 
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the radial direction of the blade 6).  The second r egion 

10 has an outer diameter set, for example, to 

substantially the same as an outer diameter of the hub 4 

(the diameter of the outer peripheral edge 4c, see FIG. 

1). 

        The first surface 6a of the blade 6 is a pl anar 

surface formed substantially flat.  However, the fi rst 

surface 6a of the blade 6 may reflect fine recesses  and 

projections existing on a surface of the bonding ma terial 

of the blade 6, and also fine machining marks (scar s) and 

the like formed in a forming step of the blade 6.  In 

other words, fine recesses and projections may be f ormed 

on the first surface 6a of the blade 6, so that the  first 

surface 6a of the blade 6 may not be a complete pla nar 

surface. 

        FIG. 2B is an enlarged fragmentary cross-se ctional 

view depicting the first region 8 of the blade 6 of  FIG. 

2A.  As depicted in FIG. 2B, undeliberately formed first 

recesses 8a (first recessed portions) may exist in the 

first surface 6a in the first region 8.  However, t he 

first recesses 8a are minute relative to the thickn ess of 

the blade 6, and practically do not affect the stre ngth 

of the blade 6.  In the second region 10 of the bla de 6, 

on the other hand, recesses and projections are 
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deliberately formed.  As will be described subseque ntly 

herein, the second region 10 is equivalent to a reg ion 

with which an adhesive comes into contact to join t he hub 

4 and the blade 6 together.  The formation of such 

recesses and projections in the second region 10 ca n 

therefore provide an increased area of contact betw een 

the blade 6 and the adhesive, thereby enabling to i mprove 

the adhesive strength of the adhesive to the blade 6. 

        FIG. 2C is an enlarged fragmentary cross-se ctional 

view depicting the second region 10 of the blade 6 of 

FIG. 2A.  In the first surface 6a in the second reg ion 10, 

a plurality of second recesses 10a (specifically, 

dimples; second recessed portions) is formed.  The second 

recesses 10a are greater than the first recesses 8a  (see 

FIG. 2B) existing in the first surface 6a in the fi rst 

region 8.  The second recesses 10a are formed over the 

entirety of the second region 10.  The second reces ses 10a 

may be uniform or random in dimensions.  Further, t he 

second recesses 10a may be formed in a periodic pat tern 

at predetermined intervals, or may be formed at ran dom 

intervals. 

        The second recesses 10a are formed, for exa mple, by 

applying laser processing to the first surface 6a i n the 

second region 10.  Described specifically, with a f ocal 
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point of a pulsed laser beam positioned at the firs t 

surface 6a in the second region 10, the blade 6 is moved 

relative to the pulsed laser beam at a predetermine d 

speed along a direction parallel to the first surfa ce 6a 

of the blade 6, and is hence scanned with the pulse d 

laser beam.  As a consequence, the second recesses 10a are 

formed in a periodic pattern at predetermined inter vals.  

However, no limitation is imposed on the forming me thod 

of the second recesses 10a.  For example, the secon d 

recesses 10a can also be formed by fracturing proce ssing 

which physically fractures the surface of the blade  6.  

Examples of the fracturing processing include sand 

blasting processing which blows an abrasive materia l 

against the blade 6, water jet processing which eje cts a 

pressurized liquid such as water against the blade 6, and 

the like.  As a further alternative, the second rec esses 

10a may also be formed by applying a chemical treat ment 

(wet etching or the like) to the blade 6. 

        The second recesses 10a have a width W grea ter than 

that of the fine first recesses 8a (see FIG. 2B) ex isting 

without deliberation in the first surface 6a of the  blade 

6.  The second recesses 10a have a width W that is,  for 

example, twice or greater than the width of the fir st 

recesses 8a.  Described specifically, the fine firs t 



14 

recesses 8a existing in the first region 8 often ha s a 

width of 10 µm or smaller, and the second recesses 10a 

have a width W set, for example, at 20 µm or greate r and 

100 µm or smaller.  It is to be noted that all the second 

recesses 10a are not required to have a width great er 

than the width of the first recesses 8a.  In other words, 

the widths W of the second recesses 10a are require d to 

have an average value greater than the average valu e of 

the widths of the first recesses 8a.  On the other hand, 

the second recesses 10a have a depth D equal to or 

greater than that of the first recesses 8a, prefera bly.  

For example, the depth D of the second recesses 10a  is 5 

µm or greater and 10 µm or smaller, and is greater than 

the depth of the first recesses 8a.  Further, the f irst 

surface 6a in the second region 10 has a surface 

roughness which is preferably equal to or greater t han 

the surface roughness of the first surface 6a in th e 

first region 8.  For example, the surface roughness  (Ra) 

of the first surface 6a in the second region 10 is 

greater than the surface roughness (Ra) of the firs t 

surface 6a in the first region 8. 

        As described above, the blade 6 with the se cond 

recesses 10a formed in the second region 10 is join ed to 

the hub 4.  Described specifically, the adhesive is  first 
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applied to the first surface 6a in the second regio n 10 

of the blade 6.  As depicted in FIG. 1, the first s urface 

4a of the hub 4 and the first surface 6a of the bla de 6 

are then brought into a face-to-face relation, and are 

bonded together via the adhesive.  As a consequence , the 

hub 4 and the blade 6 are joined and integrated tog ether, 

so that the cutting blade 2 is formed.  It is to be  noted 

that the adhesive may also be applied to a region o f the 

first surface 4a of the hub 4, the region correspon ding 

to the second region 10 of the blade 6. 

        FIG. 3A is a perspective view depicting the  cutting 

blade 2 of FIG. 1, and FIG. 3B is a cross-sectional  view 

depicting the cutting blade 2 of FIG. 1.  The hub 4  and 

the blade 6 are bonded together such that their cen ter 

positions coincide each other, and are concentrical ly 

arranged.  The blade 6 has an outer diameter (the o uter 

peripheral edge 6c has a diameter) greater than the  outer 

diameter of the hub 4 (the diameter of the outer 

peripheral edge 4c).  The outer peripheral portion of the 

blade 6 therefore protrudes from the outer peripher al 

edge 4c of the hub 4 outwardly in a radial directio n of 

the hub 4 when the hub 4 and the blade 6 are bonded  

together.  Further, the blade 6 has an inner diamet er (the 

opening 6d has a diameter) equal to or greater than  an 
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inner diameter of the hub 4 (the diameter of the op ening 

4d).  Therefore, the opening 4d of the hub 4 is in an 

exposed state without being covered by the blade 6.  

        FIG. 4 is an enlarged fragmentary cross-sec tional 

view depicting the cutting blade 2 of FIG. 1 with t he hub 

4 and the blade 6 joined together via an adhesive 1 2.  It 

is to be noted that depiction of the first recesses  8a 

(see FIG. 2B) existing in the first region 8 of the  blade 

6 is omitted in FIG. 4 because the first recesses 8 a are 

fine.  The hub 4 and the blade 6 are bonded togethe r via 

the adhesive 12 applied to the first surface 4a of the 

hub 4 or the first surface 6a of the blade 6.  No 

limitation is imposed on the material of the adhesi ve 12, 

and an epoxy resin-based adhesive can be used, for 

example.  The adhesive 12 is held between the hub 4  and 

the blade 6, and is brought into contact with the f irst 

surface 4a of the hub 4 and the first surface 6a in  the 

second region 10 of the blade 6. 

        When the adhesive 12 comes into contact wit h the 

first surface 6a in the second region 10 of the bla de 6, 

the adhesive 12 enters and fills up the second rece sses 

10a.  As a result, the adhesive 12 comes into conta ct with 

the entirety of inner walls of the second recesses 10a.  

The formation of the second recesses 10a in the fir st 
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surface 6a of the blade 6 therefore provides an inc reased 

area of contact between the blade 6 and the adhesiv e 12 

compared with a case in which the first surface 6a is a 

planar surface.  Owing to the increased area of con tact, 

the adhesive strength of the adhesive 12 to the bla de 6 

can be improved.  It is to be noted that, even if t he 

adhesive 12 also enters the first recesses 8a (see FIG. 

2B) existing without deliberation in the first surf ace 6a 

of the blade 6, no substantial change occurs in the  area 

of contact between the blade 6 and the adhesive 12 

because the first recesses 8a are fine.  Further, t he 

first recesses 8a are small in width, so that the 

adhesive 12 is hard to enter the first recesses 8a and 

may not fill the first recesses 8a.  On the other h and, 

the width W of the second recesses 10a is greater t han 

that of the first recesses 8a.  Therefore, the adhe sive 12 

readily enters and fills the second recesses 10a, a nd is 

assured to come into contact with the inner walls o f the 

second recesses 10a. 

        The area of contact between the blade 6 and  the 

adhesive 12 increases, as the second recesses 10a b ecome 

deeper and the surface roughness of the first surfa ce 6a 

in the second region 10 becomes greater.  If the de pth D 

of the second recesses 10a is excessively large rel ative 
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to the width W of the second recesses 10a, however,  the 

blade 6 is reduced in strength, and therefore becom es 

prone to breakage.  Therefore, the depth D of the s econd 

recesses 10a is preferably one-third or smaller tha n the 

width W of the second recesses 10a, with one-tenth or 

smaller being more preferred. 

        In the cutting blade 2 according to the pre sent 

embodiment as described above, the first surface 6a  in 

the second region 10 of the blade 6 is provided wit h the 

second recesses 10a greater in width than the first  

recesses 8a existing in the first surface 6a in the  first 

region 8, and the adhesive 12 comes into contact wi th the 

second region 10 of the blade 6.  As a consequence,  the 

area of contact between the blade 6 and the adhesiv e 12 

is increased, thereby enabling to improve the joini ng 

strength between the blade 6 and the adhesive 12. 

        It is to be noted that no limitation is imp osed on 

the shape of the second recesses 10a (see FIG. 2C) formed 

in the second region 10 of the blade 6.  For exampl e, the 

second recesses 10a may be formed in a polygonal pr ism 

shape or a cylindrical shape, or may be formed in a  

polygonal pyramidal shape or a conical shape such t hat 

the second recesses 10a have a greater width toward  the 

first surface 6a.  Further, the second recesses 10a  may be 
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continuously formed in the shape of a plurality of lines 

(strips) in the second region 10 of the blade 6. 

        FIG. 5A is a plan view depicting a blade 66  as a 

modification of the blade 6 of the cutting blade 2 of 

FIG. 1, the blade 66 including a plurality of slits  60a 

(second recessed portions) formed in a concentric 

pattern.  Further, FIG. 5B is a plan view depicting  a 

blade 76 as another modification of the blade 6 of the 

cutting blade 2 of FIG. 1, the blade 76 including a  

plurality of slits 70a (second recessed portions) f ormed 

radially.  It is to be noted that, in FIGS. 5A and 5B, a 

position corresponding to the outer peripheral edge  4c of 

the hub 4 (see FIG. 1) is indicated by a circle of broken 

line. 

        As depicted in FIG. 5A, the slits 60a are f ormed in 

a first surface 66a in a second region 60.  The sli ts 60a 

have different diameters, respectively, and are for med in 

concentric circles about a common center.  It is to  be 

noted that no limitations are imposed on the number  and 

intervals of the slits 60a.  FIG. 5A also depicts a n outer 

peripheral edge (outer peripheral surface) 66c, an 

opening 66d, and a first region 68 of the blade 66.   As 

depicted in FIG. 5B, on the other hand, the slits 7 0a are 

formed in straight lines on a first surface 76a in a 
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second region 70.  The slits 70a are formed extendi ng from 

an opening 76d toward an outer peripheral edge 76c along 

a radial direction of the blade 76, and are arrange d at 

substantially equal intervals along a peripheral 

direction of the blade 76.  It is to be noted that no 

limitations are imposed on the number and intervals  of 

the slits 70a.  Dimensions of the slits 60a and 70a  are 

set similar to those of the second recesses 

(specifically, the dimples) 10a (see FIG. 2C).  The refore, 

the slits 60a and 70a are greater in width than the  first 

recesses 8a (see FIG. 2B).  FIG. 5B also depicts a first 

region 78. 

        Recesses and projections may also be formed  on the 

hub 4 in addition to the blade 6.  FIG. 6A is a pla n view 

depicting a hub 84 as a modification of the hub 4 o f the 

cutting blade 2 of FIG. 1, the hub 84 including a r egion 

with recesses and projections formed therein 

(specifically, a dimpled region; recessed-projected  

region) 84A.  The dimpled region 84A is an annular region 

of the hub 84, where the hub 84 is joined with the blade 

6.  In a first surface 84a in the dimpled region 84 A, the 

projections and recesses are formed deliberately.  FIG. 6A 

also depicts an outer peripheral edge (outer periph eral 

surface) 84c and an opening 84d.  FIG. 6B is an enl arged 
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fragmentary cross-sectional view depicting the dimp led 

region 84A of the hub 84.  In the first surface 84a  in the 

dimpled region 84A, a plurality of recesses 

(specifically, dimples; recessed portions) 84B is f ormed 

over the entirety of the dimpled region 84A.  The r ecesses 

84B are similar in dimensions, shape, forming metho d, and 

the like to the second recesses 10a (see FIG. 2C) f ormed 

in the blade 6. 

        FIG. 7 is an enlarged fragmentary cross-sec tional 

view depicting a cutting blade 2A in which the hub 84 of 

FIGS. 6A and 6B, which includes the recesses 84B, a nd the 

blade 6 of FIGS. 1 to 4, which includes the second 

recesses 10a, are joined together via the adhesive 12.  

When the hub 84 and the blade 6 are bonded together  via 

the adhesive 12, the adhesive 12 comes into contact  with 

the first surface 84a in the dimpled region 84A of the 

hub 84 and the first surface 6a in the second regio n 10 

of the blade 6.  The adhesive 12 then enters and fi lls up 

the recesses 84B and the second recesses 10a.  If t he 

recesses 84B are formed in the first surface 84a of  the 

hub 84 as described above, an increased area of con tact 

is provided between the hub 84 and the adhesive 12 

compared with a case in which the first surface 84a  is a 

planar surface.  Owing to the increased area of con tact, 
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the adhesive strength of the adhesive 12 to the hub  84 

can be improved. 

        Further, the construction of the hub 4 can be 

changed as needed insofar as the blade 6 can be sup ported 

by the hub 4.  FIG. 8 is an exploded perspective vi ew 

depicting a cutting blade 2B which is similar to th e 

cutting blade 2 of FIG. 1 and includes a hub 94 as 

another modification of the hub 4 of FIG. 1 that in cludes 

recessed portions, which are to be filled with the 

adhesive, in a shape of a groove 94f. 

        On a first surface (front surface) 94a of t he hub 

94 depicted in FIG. 8, a raised portion 94e is disp osed 

extending from the first surface 94a.  For example,  the 

raised portion 94e is formed in an annular shape 

concentrically with an opening 94d, and is arranged  in a 

region outside the opening 94d in a radial directio n of 

the hub 94 such that the raised portion 94e surroun ds the 

opening 94d.  In the first surface 94a of the hub 9 4, the 

groove 94f is also disposed.  For example, the groo ve 94f 

is formed in an annular shape concentrically with t he 

opening 94d and raised portion 94e, and is arranged  in a 

region outside the raised portion 94e in the radial  

direction of the hub 94 such that the groove 94f 

surrounds the opening 94d and raised portion 94e.  In 
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addition, a support surface 94g is also arranged on  an 

outer peripheral portion of the hub 94.  The suppor t 

surface 94g is a planar surface substantially in pa rallel 

to the first surface 94a, and is formed in an annul ar 

shape along an outer peripheral edge 94c of the hub  94.  

For example, the support surface 94g is formed in a n 

annular shape concentrically with the opening 94d, the 

raised portion 94e, and the groove 94f, and is arra nged 

such that the support surface 94g surrounds the ope ning 

94d, the raised portion 94e, and the groove 94f. 

        FIG. 9 is a cross-sectional view depicting the 

cutting blade 2B of FIG. 8 which has the hub 94 inc luding 

the recessed portions in the shape of the groove 94 f.  The 

groove 94f includes a bottom surface 94h substantia lly 

parallel to the first surface 94a and the support s urface 

94g, a side surface (radially inner side wall) 94i 

located on a side of a center of the hub 94, and an other 

side surface (radially outer side wall) 94j located  on a 

side of the outer peripheral edge 94c of the hub 94 .  For 

example, the side surface 94i is formed substantial ly 

vertical to the bottom surface 94h, while the side 

surface 94j is formed to incline to the bottom surf ace 

94h.  Described specifically, the side surface 94j is 

formed with a diameter increasing from the bottom s urface 
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94h toward the support surface 94g, and an end port ion of 

the side surface 94j on a side of the support surfa ce 94g 

is disposed on the side of the outer peripheral edg e 94c 

of the hub 94 relative to an end portion of the sid e 

surface 94j on a side of the bottom surface 94h. 

        The adhesive 12 is applied in the groove 94 f.  

Described specifically, the adhesive 12 is filled i n the 

groove 94f such that the adhesive 12 reaches the sa me 

plane as the support surface 94g.  When the first s urface 

94a of the hub 94 and the first surface 6a of the b lade 6 

are bonded together in this state, the raised porti on 94e 

of the hub 94 is inserted into the opening 6d of th e 

blade 6, and at the same time, the first surface 6a  of 

the blade 6 is brought into contact with the suppor t 

surface 94g.  As a consequence, the blade 6 is supp orted 

by the raised portion 94e and the support surface 9 4g.  In 

addition, the adhesive 12 filled in the groove 94f comes 

into contact with the first surface 6a of the blade  6, 

whereby the hub 94 and the blade 6 are bonded toget her 

via the adhesive 12. 

        The raised portion 94e of the hub 94 has an  outer 

peripheral surface which is formed to correspond to  the 

opening 6d of the blade 6.  For example, the raised  

portion 94e is formed such that the outer periphera l 
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surface has a diameter substantially equal to that of the 

opening 6d and a shape substantially matching that of a 

contour of the opening 6d.  When the raised portion  94e is 

inserted into the opening 6d, the hub 94 and the bl ade 6 

are hence disposed in a predetermined positional 

relation.  In other words, the alignment between th e hub 

94 and the blade 6 is automatically performed.  In each of 

the bottom surface 94h, the side surface 94i, and t he 

side surface 94j of the groove 94f, a plurality of 

recesses similar to the recesses 84B (see FIG. 6B) may be 

formed.  Owing to these recesses, an increased area  of 

contact is provided between the hub 94 and the adhe sive 

12, whereby the adhesive 12 can be provided with an  

improved joining strength to the hub 94.  FIGS. 8 a nd 9 

also depict a second surface (back surface) 94b of the 

hub 94. 

        The cutting blade according to the present 

invention, for example, the cutting blade 2 of FIG.  1 is 

mounted on a cutting apparatus, and is used in cutt ing a 

workpiece.  A description will hereinafter be made about a 

configuration example of the cutting apparatus that  cuts 

the workpiece with use of the cutting blade 2.  FIG . 10 is 

a perspective view depicting a cutting apparatus 20  on 

which the cutting blade 2 of FIG. 1 is mounted for 
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cutting a workpiece 11.  In FIG. 10, an X-axis dire ction 

(processing feed direction, first horizontal direct ion, 

front-rear direction) and a Y-axis direction (index ing 

feed direction, second horizontal direction, left-r ight 

direction) are orthogonal to each other.  Further, a Z-

axis direction (vertical direction, up-down directi on, 

height direction) is orthogonal to the X-axis direc tion 

and Y-axis direction. 

        The workpiece 11 is, for example, a disc-sh aped 

wafer made of a semiconductor such as silicon, and its 

front surface is defined into a plurality of rectan gular 

or square regions by a plurality of streets (scribe  

lines) arranged in a grid pattern such that the str eets 

intersect.  In the regions of the workpiece 11 defi ned by 

the streets, devices such as integrated circuits (I Cs), 

large scale integration (LSI) circuits, light emitt ing 

devices (LEDs), or micro electro mechanical systems  

(MEMSs) are formed, respectively.  By dividing the 

workpiece 11 along the streets with the cutting app aratus 

20, a plurality of device chips is manufactured inc luding 

the devices, respectively.  No limitations are impo sed on 

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

workpiece 11.  For example, the workpiece 11 may be  a 

substrate (wafer) made of a semiconductor other tha n 
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silicon (GaAs, InP, GaN, SiC, or the like), sapphir e, 

glass (quartz glass, borosilicate glass, or the lik e), 

ceramics, resin, or the like.  As an alternative, t he 

workpiece 11 may be a package substrate such as a c hip 

size package (CSP) substrate or a quad flat non-lea ded 

package (QFN) substrate. 

        The cutting apparatus 20 includes a bed 22 which 

supports or accommodates individual elements that m ake up 

the cutting apparatus 20.  Above the bed 22, a cove r 24 is 

disposed covering the bed 22 on a side of a top wal l 

thereof.  Inside the cover 24, there is formed a sp ace 

(processing chamber) in which processing of the wor kpiece 

11 is to be performed.  In the processing chamber, a 

cutting unit 26 is disposed to cut the workpiece 11 .  To 

the cutting unit 26, ball screw type moving mechani sms 

(not depicted) are connected.  These moving mechani sms 

move the cutting unit 26 along the Y-axis direction , and 

also lifts up or down the cutting unit 26 along the  Z-

axis direction.  The cutting blade 2 is mounted on the 

cutting unit 26. 

        Below the cutting unit 26, a chuck table (h olding 

table) 28 is disposed to hold the workpiece 11.  Th e chuck 

table 28 has an upper surface which is a planar sur face 

substantially parallel to the X-axis direction and the Y-
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axis direction, and makes up a holding surface 28a on 

which the workpiece 11 is to be held.  The holding surface 

28a is connected to a suction source (not depicted)  such 

as an ejector via a flow path (not depicted) formed  

inside the chuck table 28, a valve (not depicted), and 

the like.  When a negative pressure is applied from  the 

suction source to the holding surface 28a with the 

workpiece 11 placed on the holding surface 28a, the  

workpiece 11 is held under suction on the chuck tab le 28.  

To the chuck table 28, a further ball screw type mo ving 

mechanism (not depicted) is connected.  This moving  

mechanism moves the chuck table 28 along the X-axis  

direction.  To the chuck table 28, a rotary drive s ource 

(not depicted) such as a motor is also connected.  This 

rotary drive source rotates the chuck table 28 abou t an 

axis of rotation which is substantially parallel to  the 

Z-axis direction. 

        In a front corner section of the bed 22, a cassette 

elevator 30 is disposed.  The cassette elevator 30 is 

configured to be movable up and down along the Z-ax is 

direction.  On the cassette elevator 30, a cassette  32 in 

which a plurality of workpieces 11 can be accommoda ted is 

mounted.  The cassette elevator 30 adjusts the heig ht (the 

position in the Z-axis direction) of the cassette 3 2 such 
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that unloading of each workpiece 11 from the casset te 32 

and loading of each workpiece 11 into the cassette 32 can 

be appropriately performed.  In a vicinity of the c assette 

elevator 30, a transfer mechanism (not depicted) is  

disposed to transfer each workpiece 11.  For exampl e, the 

transfer mechanism includes a suction pad that hold s the 

workpiece 11 under suction, and transfers the workp iece 

11 between the cassette 32 and the chuck table 28.  

Described specifically, the transfer mechanism unlo ads 

each unprocessed workpiece 11 from the cassette 32 and 

places it on the chuck table 28, and also transfers  each 

processed workpiece 11 from the chuck table 28 and loads 

it into the cassette 32. 

        On a side of a front wall 24a of the cover 24, a 

display unit (display device) 34 is disposed to dis play 

various kinds of information regarding the cutting 

apparatus 20.  The display unit 34 displays informa tion 

(processing conditions, processing status, and the like) 

relating to the processing of the workpiece 11, an image 

of the workpiece 11 held on the chuck table 28, and  so 

on.  For example, the display unit 34 is configured  of a 

touch screen.  In this case, the display unit 34 fu nctions 

as a user interface, so that an operator can input 

information such as processing conditions to the cu tting 
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apparatus 20 through touch gestures on the display unit 

34.  In other words, the display unit 34 also funct ions as 

an input unit (input device) for inputting informat ion to 

the cutting apparatus 20.  However, the input unit may 

also be arranged separately and independently of th e 

display unit 34.  As such an input unit, a keyboard , a 

mouse, or the like can be used, for example. 

        Inside or outside the cutting apparatus 20,  a 

control unit (control device) 36 is disposed to con trol 

the cutting apparatus 20.  The control unit 36 is 

connected to the individual elements (the cutting u nit 

26, the chuck table 28, the cassette elevator 30, t he 

display unit 34, and the like) that make up the cut ting 

apparatus 20, and generates control signals for 

controlling operations of the individual elements.  For 

example, the control unit 36 is configured of a com puter, 

and includes a processing section that performs 

processing such as operation required for controlli ng the 

cutting apparatus 20 and a storage section that sto res 

various kinds of information (data, programs, and s o on) 

to be used in controlling the cutting apparatus 20.   The 

processing unit is configured including a processor  such 

as a central processing unit (CPU).  On the other h and, 

the storage section is configured including memorie s such 
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as a read only memory (ROM) and a random access mem ory 

(RAM). 

        FIG. 11 is a perspective view depicting the  cutting 

unit 26 of the cutting apparatus 20 of FIG. 10, the  

cutting blade 2 of FIG. 1 being mounted on the cutt ing 

unit 26.  The cutting unit 26 includes a housing 40  formed 

in a hollow cylindrical shape.  In the housing 40, a 

cylindrical spindle (rotating shaft) 42 disposed al ong 

the Y-axis direction is accommodated.  The spindle 42 is 

exposed at a distal end portion thereof (on one end  

thereof) to an outside of the housing 40.  To a pro ximal 

end portion (to a side of an opposite end) of the s pindle 

42, on the other hand, a rotary drive source (not 

depicted) such as a motor is connected to rotate th e 

spindle 42. 

        On the distal end portion of the spindle 42 , a 

mount 44 is fixed.  The mount 44 includes a disc-sh aped 

flange portion 46 and a cylindrical support shaft ( boss 

portion) 48 that extends from a central portion of a 

surface 46a of the flange portion 46.  On a side of  the 

surface 46a of an outer peripheral portion of the f lange 

portion 46, an annular raised portion 46b that prot rudes 

from the surface 46a is disposed along an outer 

peripheral edge of the flange portion 46.  The rais ed 
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portion 46b includes a distal end surface 46c on a side 

of a distal end thereof, and the distal end surface  46c 

is formed substantially parallel to the surface 46a .  On 

an outer peripheral surface of the support shaft 48 , a 

threaded portion 48a is formed.  An annular fixture  nut 50 

is fastened on the support shaft 48.  At a central portion 

of the fixture nut 50, a cylindrical opening 50a is  

formed extending in a thickness direction through t he 

fixture nut 50.  On a side surface (inner periphera l 

surface) of the fixture nut 50, the side surface be ing 

exposed inside the opening 50a, a thread groove is formed 

corresponding to the threaded portion 48a of the su pport 

shaft 48. 

        When the support shaft 48 is inserted into the 

opening 4d of the hub 4 of the cutting blade 2, the  

cutting blade 2 is mounted on the mount 44.  In thi s 

state, the fixture nut 50 is fastened on the thread ed 

portion 48a of the support shaft 48, whereby the bl ade 6 

is held between the hub 4 and the distal end surfac e 46c 

of the raised portion 46b of the flange portion 46.   As a 

consequence, the cutting blade 2 is fixed on the di stal 

end portion (the mount 44) of the spindle 42.  The cutting 

blade 2 is rotated about an axis of rotation which is 

substantially parallel to the Y-axis direction, by power 
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transmitted from the rotary drive source via the sp indle 

42 and the mount 44. 

        When the cutting blade 2 mounted on the cut ting 

unit 26 is rotated and is allowed to cut in the wor kpiece 

11 held on the chuck table 28 (see FIG. 10), the cu tting 

blade 2 comes into contact with the workpiece 11 at  the 

outer peripheral portion of the cutting blade 2, so  that 

the workpiece 11 is cut.  Because the hub 4 and the  blade 

6 are firmly joined together via the adhesive 12 (s ee 

FIG. 4 and so on) in the cutting blade 2 as describ ed 

above, separation hardly occurs between the hub 4 a nd the 

blade 6 during the cutting of the workpiece 11.  As  a 

consequence, occurrence of a processing failure or 

breakage of the blade 6 is suppressed. 

        It is to be noted that the configurations, methods, 

and the like according to the above-described embod iment 

can be practiced with changes or modifications as n eeded 

to such extent as not departing from the scope of t he 

object of the present invention. 

        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 
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by the invention.   
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WHAT IS CLAIMED IS: 

        1.  A cutting blade comprising: 

        an annular hub; and 

        an annular blade, 

        wherein the hub and the blade are joined to gether 

between first surfaces thereof via an adhesive, 

        the blade has a first region including an o uter 

peripheral edge of the blade, and a second region i nside 

the first region, 

        the first region has first recessed portion s 

existing in the first surface of the blade, 

        the second region has, in the first surface  of the 

blade, second recessed portions having a greater wi dth 

than that of the first recessed portions existing i n the 

first surface, and 

        the adhesive is in contact with the second region 

of the blade. 

        2.  The cutting blade according to claim 1,  wherein 

the second recessed portions have a width of 20 µm or 

greater and 100 µm or smaller. 

        3.  The cutting blade according to claim 1,  

        wherein the hub includes, on the first surf ace 

thereof, a region in which recessed portions are fo rmed, 

and 
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        the adhesive is also in contact with the re gion of 

the hub. 

        4.  The cutting blade according to claim 1,  

        wherein the blade includes abrasive grits a nd a 

bonding material fixing the abrasive grits, and 

        the bonding material is a resin bond, a met al bond, 

or a vitrified bond. 

  


