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ANNULAR GRINDSTONE AND 

MANUFACTURING METHOD OF ANNULAR GRINDSTONE 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to an annular  

grindstone mounted to a cutting apparatus and a 

manufacturing method of the annular grindstone. 

Description of the Related Art 

        Device chips are, for example, formed by cu tting a 

disc-shaped wafer containing a semiconductor.  For example, 

a plurality of crossing division lines are set on a  front 

surface of the wafer to be demarcated in a pluralit y of 

regions, and each of the regions thus demarcated by  the 

division lines has devices such as an integrated ci rcuit 

(IC) formed therein.  Then, the wafer is divided al ong the 

division lines into individual device chips.  In re cent 

years, along with miniaturization and thinning of 

electronic equipment, demands for miniaturization a nd 

thinning of a device chip mounted in the electronic  

equipment has also increased.  A thin device chip i s 

formed by, for example, forming a plurality of devi ces on 

a front surface of a wafer, then grinding a back su rface 

of the wafer to thin the wafer to a predetermined 
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thickness, and thereafter, dividing the wafer along  

division lines. 

        Dividing the wafer is conducted by using a cutting 

apparatus provided with an annular grindstone (cutt ing 

blade).  In the cutting apparatus, the annular grin dstone 

is rotated in a plane perpendicular to a workpiece such 

as a wafer to cut in the workpiece.  The annular 

grindstone includes abrasive grains and a bonding 

material in which the abrasive grains are dispersed , and 

the abrasive grains which are moderately exposed fr om the 

bonding material comes in contact with the workpiec e, 

whereby the workpiece is cut (see Japanese Patent L aid-

Open No. 2000-87282, for example).  When cutting 

processing of the workpiece proceeds, the abrasive grains 

fall off from the bonding material, and accordingly , a 

blade edge is worn.  As a result, fresh abrasive gr ains 

are exposed from the bonding material one after ano ther.  

This effect is referred to as self-sharpening, and the 

self-sharpening effect keeps cutting performance of  the 

annular grindstone at a constant level or more. 

        Meanwhile, an optical device such as a ligh t 

emitting diode (LED) adopts a sapphire substrate wh ich is 

excellent in mechanical and thermal properties and is 

chemically stable.  A plurality of optical devices are 
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formed in the sapphire substrate, and the sapphire 

substrate is divided into each optical device, ther eby 

forming optical device chips.  However, the sapphir e 

substrate is a material which is extremely high in 

hardness and referred to as a difficult-to-cut mate rial.  

For cutting a difficult-to-cut material, for exampl e, an 

annular grindstone, called a hub type, having an ou ter 

peripheral edge of an annular base to which a grind stone 

portion is electrodeposited by electrolytic plating  or 

the like method is used.  More specifically, the an nular 

grindstone is formed by electrodepositing a bonding  

material such as a nickel layer in which abrasive g rains 

such as diamond grains or the like are dispersed, t o an 

aluminum base.  Note that the annular grindstone fo rmed by 

electrolytic plating is referred to as an 

electrodeposited grindstone.  Since, in an 

electrodeposited grindstone having a nickel layer a s a 

bonding material, abrasive grains are strongly fixe d to 

the bonding material, self-sharpening is less likel y to 

occur in the electrodeposited grindstone, which cau ses a 

problem that the cutting performance of the grindst one 

cannot be maintained at a sufficient level.  Thus, in 

order to easily make the self-sharpening effect occ ur, an 

annular grindstone provided with a bonding material  
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having a porous structure has been developed (see 

Japanese Patent Laid-Open No. 2016-168655, for exam ple). 

 

SUMMARY OF THE INVENTION 

        When a workpiece is cut with the annular gr indstone 

having a bonding material of a porous structure, th e 

bonding material is consumed, and the self-sharpeni ng 

occurs moderately, thereby keeping the cutting 

performance of the annular grindstone at a constant  level 

or more.  However, since a side surface of the annu lar 

grindstone is also liable to be worn, a strength of  the 

annular grindstone is low. 

        It is therefore an object of the present in vention 

to provide an annular grindstone having a porous 

structure and being likely to easily generate self-

sharpening can be suppressed to thereby prevent a 

strength of the annular grindstone from being lower ed, 

and a manufacturing method of the annular grindston e. 

        In accordance with an aspect of the present  

invention, there is provided an annular grindstone which 

includes a grindstone portion in which abrasive gra ins 

are fixed with a bonding material containing nickel  and 

has a through hole at a center thereof, in which th e 

grindstone portion has a laminated structure of a t otal 
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of three or more layers in which a first layer and a 

second layer having a porous structure are alternat ely 

laminated on top of another in a penetrating direct ion of 

the through hole and both of outermost layers in th e 

laminated structure which are exposed outside are t he 

first layers. 

        Preferably, the first layer may have a poro us 

structure including a pore having a smaller diamete r than 

a diameter of a pore included in a porous structure  of 

the second layer.  Alternatively, the first layer m ay have 

no porous structure. 

        More preferably, the annular grindstone may  be 

formed only of the grindstone portion.  Alternative ly, the 

annular grindstone may further include an annular b ase, 

and the grindstone portion may be disposed at an ou ter 

periphery edge of the annular base. 

        According to another aspect of the present 

invention, a manufacturing method of an annular 

grindstone which includes a grindstone portion in w hich 

abrasive grains are fixed with a bonding material 

containing nickel and has a through hole at the cen ter 

thereof.  The manufacturing method includes a plati ng bath 

preparation step of preparing a plating bath in whi ch a 

nickel plating solution into which the abrasive gra ins 
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are mixed and an additive which contributes to form ation 

of a porous structure are stored, an immersion step  of 

immersing a base and a nickel electrode in the plat ing 

bath, a grindstone portion forming step of flowing a 

direct current through the plating solution with th e base 

as a cathode and the nickel electrode as an anode, 

thereby depositing a plating layer containing the 

abrasive grains on a front surface of the base to f orm 

the grindstone portion, and a base removing step of  

removing all or part of the base to expose all or p art of 

a region of the grindstone portion which is covered  with 

the base.  In this method, in the grindstone portio n 

forming step, a first layer and a second layer havi ng a 

porous structure are caused to be alternately lamin ated 

on top of another by alternately changing a current  

density of the direct current between a current den sity 

smaller than a predetermined value and a current de nsity 

of the predetermined value or more, thereby forming  the 

grindstone portion having a laminated structure of a 

total of three or more layers in which both of oute rmost 

layers which are exposed outside are the first laye rs. 

        The annular grindstone according to one asp ect of 

the present invention includes the grindstone porti on 

having the laminated structure of a total of three or 
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more layers in which the first layer and the second  layer 

having the porous structure are alternately laminat ed on 

top of another in a penetrating direction of the th rough 

hole, and both of the outermost layers in the lamin ated 

structure which are exposed outside are the first l ayers.  

Since the annular grindstone according to one aspec t of 

the present invention includes the second layer hav ing 

the porous structure, compared to an annular grinds tone 

not including the second layer having the porous 

structure, the grindstone portion is liable to be w orn, 

whereby self-sharpening due to the wear is likely t o 

occur.  On the other hand, since the annular grinds tone 

according to one aspect of the present invention in cludes 

the first layer, the annular grindstone is high in 

strength compared to an annular grindstone includin g a 

grindstone portion formed only with the second laye r 

having the porous structure.  Further, since both o f the 

outermost layers in the laminated structure which a re 

exposed outside are the first layers, a side surfac e of 

the annular grindstone is less likely to be worn. 

        Thus, according to one aspect of the presen t 

invention, an annular grindstone having a porous 

structure and being likely to easily generate self-

sharpening can be suppressed to thereby prevent a 
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strength of the annular grindstone from being lower ed, 

and a manufacturing method of the annular grindston e are 

provided. 

        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. 1A is a perspective view schematically 

illustrating an annular grindstone including a grin dstone 

portion; 

        FIG. 1B is a perspective view schematically  

illustrating an annular grindstone including an ann ular 

base and a grindstone portion; 

        FIG. 2A is a cross-sectional view schematic ally 

illustrating the grindstone portion; 

        FIG. 2B is a cross-sectional photograph of one 

example of the grindstone portion; 

        FIG. 3 is a cross-sectional view schematica lly 

illustrating a manufacturing process of the annular  
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grindstone including the grindstone portion illustr ated 

in FIG. 1A; 

        FIG. 4A is a cross-sectional view schematic ally 

illustrating a grindstone portion forming step in t he 

manufacturing process illustrated in FIG. 3; 

        FIG. 4B is a cross-sectional view schematic ally 

illustrating a base removing step in the manufactur ing 

process illustrated in FIG. 3; 

        FIG. 5 is a cross-sectional view schematica lly 

illustrating a manufacturing process of the annular  

grindstone including the grindstone portion and the  

annular base illustrated in FIG. 1B; 

        FIG. 6A is a cross-sectional view schematic ally 

illustrating a grindstone portion forming step in t he 

manufacturing process illustrated in FIG. 5; and 

        FIG. 6B is a cross-sectional view schematic ally 

illustrating a base removing step in the manufactur ing 

process illustrated in FIG. 5. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

        An embodiment of the present invention will  be 

described below.  FIG. 1A is a perspective view 

schematically illustrating an annular grindstone 

including a grindstone portion, as one example of a n 
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annular grindstone (cutting blade) according to the  

present embodiment.  An annular grindstone 1a illus trated 

in FIG. 1A is a grindstone called a washer type. 

        The annular grindstone 1a includes a grinds tone 

portion 3a of a circular ring-shape having a throug h hole 

at the center thereof.  The annular grindstone 1a i s 

mounted on a cutting unit of a cutting apparatus.  The 

through hole has a spindle passing therethrough, an d by 

rotating the spindle, the annular grindstone 1a is 

rotated in a plane perpendicular to an extending 

direction of the through hole.  Then, when the grin dstone 

portion 3a of the rotating annular grindstone 1a is  

brought into contact with a workpiece, the workpiec e is 

cut.  Note that the annular grindstone according to  the 

present embodiment is not limited to this.  FIG. 1B  is a 

perspective view schematically illustrating an annu lar 

grindstone including an annular base and a grindsto ne 

portion.  An annular grindstone 1b illustrated in F IG. 1B 

is a grindstone, called a hub type, in which a grin dstone 

portion 3b is disposed at an outer periphery edge o f an 

annular base 5.  The annular base 5 has a grip port ion 5a 

held by a user (operator) of the cutting apparatus when 

attaching/detaching the annular grindstone 1b to/fr om the 

cutting unit of the cutting apparatus. 
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        The grindstone portions 3a and 3b are each formed, 

for example, by electrodepositing a bonding materia l such 

as a nickel layer in which abrasive grains such as 

diamond abrasive grains are dispersed, to a base.  Note 

that the annular grindstones 1a and 1b formed by 

electrolytic plating or the like method are also re ferred 

to as electrodeposited grindstones.  The grindstone  

portions 3a and 3b of the annular grindstones 1a an d 1b 

each contain a bonding material and abrasive grains  (see 

FIG. 2A and FIG. 2B) which are dispersed in the bon ding 

material and fixed thereto.  The abrasive grains wh ich are 

moderately exposed from the bonding material come i n 

contact with the workpiece, whereby the workpiece i s cut.  

When cutting of the workpiece proceeds, the abrasiv e 

grains fall off from the bonding material.  At this  time, 

a blade edge is worn out, and as a result, fresh ab rasive 

grains are exposed from the bonding material one af ter 

another.  This effect is referred to as self-sharpe ning, 

and this self-sharpening effect keeps the cutting 

performance of each of the annular grindstones 1a a nd 1b 

at a constant level or more. 

        The workpiece is a substantially disc-shape d 

substrate or the like composed of a material such a s 

silicon or silicon carbide (SiC), or other semicond uctor 
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materials, or a material composed of sapphire, glas s, 

quartz, or the like.  For example, a front surface of the 

workpiece is demarcated by a plurality of division lines 

arrayed in a grid pattern into a plurality of regio ns, 

and each of the regions thus demarcated has a devic e such 

as an IC or an LED formed therein.  In the last ste p, the 

workpiece is divided along the division lines and f ormed 

into individual device chips. 

        Note that, since the abrasive grains are st rongly 

fixed to the bonding material in the electrodeposit ed 

grindstone having the nickel layer as the bonding 

material, self-sharpening is less likely to occur i n the 

electrodeposited grindstone, and the cutting perfor mance 

of the grindstone is hard to maintain sufficiently.   In 

contrast, when the workpiece is cut with a grindsto ne 

including a bonding material having a porous struct ure in 

which self-sharpening effect easily occurs, a side 

surface of the grindstone is easily worn, and as a result, 

strength of the grindstone lowers.  In view of this , the 

annular grindstones 1a and 1b according to the pres ent 

embodiment including the grindstone portions 3a and  3b, 

respectively, in which a first layer and a second l ayer 

which are different in structure from each other ar e 

alternately laminated on top of another, are used.  A 
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structure of the grindstone portion will be describ ed 

below by taking the annular grindstone 1a of washer  type 

as an example. 

        FIG. 2A is a cross-sectional view schematic ally 

illustrating the grindstone portion 3a.  FIG. 2B is  a 

cross-sectional photograph of the grindstone portio n 3a 

of the annular grindstone 1a which has actually bee n 

fabricated.  Note that the cross-sectional photogra ph is 

imaged by a scanning electron microscope (SEM).  As  

illustrated in FIG. 2A and FIG. 2B, the bonding mat erial 

of the grindstone portion 3a includes a laminated 

structure of a total of three or more layers in whi ch a 

first layer 7 and a second layer 9 are alternately 

laminated on top of another, and both of outermost layers 

in the laminated structure which are exposed outsid e are 

the first layers 7. 

        In this case, the first layer 7 has a porou s 

structure including a pore having a smaller diamete r than 

a diameter of a pore included in a porous structure  of 

the second layer 9.  Alternatively, the first layer  7 may 

have no porous structure.  The first layer 7 having  such a 

structure becomes a layer having high strength and which 

is less likely to be worn, compared to the second l ayer 9.  

Note that, in a case in which the first layer 7 has  the 
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porous structure, a magnitude relation in diameter 

between a pore included in the porous structure of the 

first layer 7 and a pore included in the porous str ucture 

of the second layer 9 can be evaluated by comparing  an 

average diameter of a plurality of pores included i n each 

of the porous structures with each other.  Alternat ively, 

it is derived from a photograph imaged by the SEM.  More 

alternatively, it may be evaluated by another metho d. 

        The annular grindstone 1a includes the seco nd layer 

9 having the porous structure.  Accordingly, compar ing the 

annular grindstone 1a with an annular grindstone no t 

including the second layer 9 having the porous stru cture, 

self-sharpening due to wear is likely to occur in t he 

annular grindstone 1a.  Abrasive grains 11 are disp ersed 

in the bonding material constituting the grindstone  

portion 3a.  Even in a case in which the annular 

grindstone 1a is used to cut a difficult-to-cut mat erial, 

the grindstone portion 3a is moderately consumed, a nd 

fresh abrasive grains 11 are exposed one after anot her, 

so that the cutting performance of the annular grin dstone 

1a is sufficiently maintained.  On the other hand, since 

the annular grindstone 1a includes the first layer 7, 

strength of the annular grindstone 1a becomes high,  

comparing the annular grindstone 1a with an annular  
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grindstone provided with a grindstone portion inclu ding 

only the second layer 9.  Further, the outermost la yers of 

the grindstone portion 3a are the first layers 7 wh ich 

are high in strength, and accordingly, a side surfa ce of 

the annular grindstone 1a is less likely to be worn . 

        Next, a manufacturing method of the annular  

grindstone 1a of washer type illustrated in FIG. 1A  will 

be described below.  FIG. 3 is a cross-sectional vi ew 

schematically illustrating a manufacturing process of the 

annular grindstone 1a including the grindstone port ion 

only.  The annular grindstone 1a is formed by, for example, 

electrolytic plating or the like method.  In the 

manufacturing method, first, carried out is a plati ng 

bath preparation step of preparing a plating bath 2  in 

which a nickel plating solution 16 into which abras ive 

grains are mixed and an additive 18 which contribut es to 

formation of a plating layer including a layer havi ng a 

porous structure are stored.  The nickel plating so lution 

16 is an electrolytic solution containing nickel (i on) 

such as nickel sulfate or nickel nitrate, and mixed  with 

abrasive grains such as diamond.  Note that 6 L of the 

nickel plating solution 16 (Watts bath) containing 270 

g/L of nickel sulfate, 45 g/L of nickel chloride, a nd 40 

g/L of boric acid is used in the present embodiment .  
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However, a configuration and a use quantity of the nickel 

plating solution 16 can be arbitrarily set.  This n ickel 

plating solution 16 is further added with the addit ive 18 

for rendering the annular grindstone 1a more porous  as 

illustrated in FIG. 3.  Preferably, the additive 18  to be 

used here includes a water-soluble ammonium compoun d 

having a hydrophobic group such as an alkyl group, an 

aryl group, and an aralkyl group. 

        Examples of the alkyl group may include a l inear or 

branched alkyl group having 1 to 20 carbon atoms, s uch as 

a methyl group, an ethyl group, an n-propyl group, an 

isopropyl group, an n-butyl group, an isobutyl grou p, a 

sec-butyl group, a tert-butyl group, a pentyl group , a 

hexyl group, a heptyl group, an octyl group, a nony l 

group, a decyl group, an undecyl group, a dodecyl g roup, 

a tridecyl group, a tetradecyl group, a pentadecyl group, 

a hexadecyl group, a heptadecyl group, and an octad ecyl 

group.  Examples of the aryl group may include a ph enyl 

group, a naphthyl group, and the like.  In addition , the 

aryl group may be bonded with substituents such as 

halogen atoms such as a fluorine atom and a chlorin e atom, 

the alkyl group such as a methyl group and an ethyl  group, 

a haloalkyl group such as a trifluoromethyl group, an 

alkoxy group such as a methoxy group and an ethoxy group, 
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and an aryl group such as a phenyl group.  Examples  of the 

aralkyl group may include an aralkyl group having 7  to 10 

carbon atoms, such as a 2-phenylethyl group, a benz yl 

group, 1-phenylethyl group, 3-phenylpropyl group, a nd 4-

phenylbutyl group.  The aralkyl group may be bonded  with 

the substituents similar to those bonded to the ary l 

group described above. 

        Examples of the ammonium compound may inclu de 

dodecyltrimethylammonium chloride, 

tetradecyltrimethylammonium chloride, 

hexadecyltrimethylammonium chloride, 

octadecyltrimethylammonium chloride, 

phenyltrimethylammonium chloride, benzyltrimethylam monium 

chloride, benzyltriethylammonium chloride, 

benzyltributylammonium chloride, didecyldimethylamm onium 

chloride, dodecyldimethylbenzylammonium chloride, 

tetradecyldimethylbenzylammonium chloride, 

octadecyldimethylbenzylammonium chloride, 

trioctylmethylammonium chloride, dodecylpyridinium 

chloride, benzylpyridinium chloride, bromides there of, 

sulfate salts thereof, and the like.  Note that the se 

ammonium compounds may be used independently or in 

combination of two or more. 

        In the present embodiment, “top porous nick el RSN” 
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manufactured by Okuno Chemical Industries Co., Ltd.  is 

used as the additive 18, and is added such that a 

quantity of “top porous nickel RSN” relative to the  

nickel plating solution 16 is 1 mL/L or more and 10  mL/L 

or less. 

        After the plating bath preparation step is carried 

out, an immersion step is carried out in which a ba se 20a 

on which the grindstone portion 3a is formed throug h 

electrodeposition, and a nickel electrode 6 are imm ersed 

into the nickel plating solution 16 in the plating bath 2.  

The base 20a is, for example, formed of a metal mat erial 

such as stainless or aluminum in a disc-like shape,  and 

on a front surface thereof, a mask 22a correspondin g to a 

desired shape of the grindstone portion 3a is forme d.  

Note that the mask 22a which achieves a circular ri ng-

shaped grindstone 1a is formed in the present embod iment.  

The base 20a is connected to a minus terminal (nega tive 

electrode) of a direct-current (DC) power source 10  

through a switch 8.  Meanwhile, the nickel electrod e 6 is 

connected to a plus terminal (positive electrode) o f the 

DC power source 10.  Note that the switch 8 may be 

disposed between the nickel electrode 6 and the DC power 

source 10. 

        After the immersion step is carried out, a 
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grindstone portion forming step is carried out in w hich, 

by causing a direct current to flow through the nic kel 

plating solution 16 with the base 20a as a cathode and 

the nickel electrode 6 as an anode, abrasive grains  and a 

plating layer are deposited on a portion of the fro nt 

surface of the base 20a which is not covered with t he 

mask 22a to form the grindstone portion 3a.  FIG. 4 A is a 

cross-sectional view schematically illustrating a 

grindstone portion forming step.  Specifically, as 

illustrated in FIG. 3, while a fan 14 is rotated by  a 

rotation driving source 12 such as an electric moto r to 

stir the nickel plating solution 16, the switch 8 

disposed between the base 20a and the DC power sour ce 10 

is short-circuited.  Accordingly, as illustrated in  FIG. 

4A, the grindstone portion 3a (plating layer 24a) i n 

which the abrasive grains are substantially equally  

dispersed in the plating layer containing nickel ca n be 

formed.  When the grindstone portion 3a (plating la yer 

24a) with a desired thickness is obtained, the grin dstone 

portion forming step is ended. 

        Note that, in the grindstone portion formin g step, 

a current density of the DC power source 10 is 

alternately changed between a current density of sm aller 

than a predetermined value and a current density of  the 
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predetermined value or more.  In this case, the cur rent 

density is a current value per unit area, and more 

specifically, a current value of the direct current  

relative to an area in which the plating layer 24a is 

formed (an area of the base 20a which is exposed fr om the 

mask 22a).  In forming the plating layer 24a contai ning 

nickel, when the direct current is caused to flow a t a 

relatively high current density, a layer having a p orous 

structure in which a pore is large in diameter is l ikely 

to be formed.  In addition, the diameter of the por e in 

the porous structure in the plating layer 24a to be  

formed tends to be smaller as the current density b ecomes 

lower, and when the direct current is caused to flo w at a 

much lower current density, the structure becomes l ess 

porous, which cannot be considered as the porous 

structure. 

        In view of this, in the grindstone portion forming 

step, the direct current is caused to flow by alter nately 

changing between a current density of smaller than a 

predetermined value and a current density of the 

predetermined value or more, whereby the first laye r 7 

which is high in strength, and the second layer 9 h aving 

the porous structure are alternately laminated on t op of 

another.  In this case, the predetermined value of the 
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current density is a value appropriately set in 

accordance with a mixed ratio of each component con tained 

in the nickel plating solution 16, a structure of t he 

grindstone portion 3a to be formed, or the like.  N ote 

that, in order to make both of the outermost layers  in 

the laminated structure which are exposed outside t he 

annular grindstone 1a the first layers 7 which are high 

in strength, the DC power source 10 is controlled s uch 

that the direct current becomes the current density  

smaller than the predetermined value when the direc t 

current starts flowing through the plating bath 2 a nd the 

flowing of the direct current ends. 

        Next, a base removing step is carried out i n which 

all or part of the base 20a is removed to expose al l or 

part of a region of the grindstone portion 3a (plat ing 

layer 24a) which is covered with the base 20a.  FIG . 4B is 

a cross-sectional view schematically illustrating t he 

base removing step.  In an example illustrated in F IG. 4B, 

the grindstone portion 3a is separated from the bas e 20a 

to thereby remove the whole base 20a from the grind stone 

portion 3a.  Accordingly, the annular grindstone 1a  of 

washer type is achieved.  A cross-sectional photogr aph 

shown in FIG. 2B is an SEM image obtained by imagin g a 

cross-section of the grindstone portion 3a of the a nnular 
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grindstone 1a manufactured by the present manufactu ring 

method. 

        Note that the present invention is not limi ted to 

the description of the above-described embodiment a nd can 

be implemented in various modifications.  For examp le, in 

the above-described embodiment, a manufacturing met hod of 

the annular grindstone 1a of washer type has been 

described; however, the present invention is not li mited 

to this.  According to the manufacturing method, th e 

annular grindstone 1b of hub type can also be 

manufactured, for example. 

        A manufacturing method of the annular grind stone 1b 

of hub type will be described herein below.  FIG. 5  is a 

cross-sectional view schematically illustrating a 

manufacturing process of the annular grindstone 1b 

including the grindstone portion and the annular ba se 

illustrated in FIG. 1B.  Similarly to the annular 

grindstone 1a, the annular grindstone 1b is formed by a 

method such as electrolytic plating in the plating bath 2, 

for example.  In the manufacturing method, the plat ing 

bath preparation step is carried out similarly to t he 

manufacturing method of the annular grindstone 1a.  Since 

a configuration of the plating bath 2, the nickel p lating 

solution 16, and the additive 18 is similar to one in the 
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above-described manufacturing method of the annular  

grindstone 1a, description thereof will be omitted here.  

However, part of the base 20b connected to the nega tive 

electrode of the DC power source 10 becomes the ann ular 

base 5 (see FIG. 1B) supporting the grindstone port ion 3b 

of the annular grindstone 1b, a shape of the base 2 0b is 

assumed to be a shape corresponding to the annular base 5.  

In addition, on a front surface of the base 20b, a mask 

22b in a shape corresponding to the shape of the 

grindstone portion 3b is formed.  Then, in the simi lar 

manner to the manufacturing method of the annular 

grindstone 1a described above, the immersion step a nd the 

grindstone portion forming step are carried out. 

        Next, a base removing step is carried out i n which 

part of the base 20b is removed to expose part of a  

region of the grindstone portion 3b (plating layer 24a, 

see FIG. 6A) which is covered with the base 20b.  N ote 

that, as illustrated in FIG. 6A, the mask 22b is re moved 

from the base 20b in advance before the base removi ng 

step is carried out.  Then, as illustrated in FIG. 6B, an 

outer peripheral region of the base 20b on a side w ith 

the grindstone portion 3b not formed is partially e tched 

to thereby expose the part of the grindstone portio n 3b 

which is covered with the base 20b.  Accordingly, t he 
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annular grindstone 1b of hub type in which the grin dstone 

portion 3b is fixed to an outer peripheral region o f the 

annular base 5 is achieved.  Note that the grip por tion 5a 

may be formed on the annular base 5 by the etching and 

alternatively, may be formed on the base 20b in adv ance. 

        In addition, in the above embodiment, there  has 

been described a case in which the first layer 7 ha ving a 

high strength is formed by setting the current dens ity of 

the direct current at a current density smaller tha n a 

predetermined value and the second layer 9 having t he 

porous structure is formed by setting the current d ensity 

of the direct current at the predetermined value or  more; 

however, one aspect of the present invention is not  

limited to this.  Depending on the mixed ratio of e ach 

component contained in the nickel plating solution 16, 

the structure of the grindstone portion 3a to be fo rmed, 

or the like, the first layer 7 having a high streng th may 

be formed by setting the current density of the dir ect 

current at the predetermined value or more, and the  

second layer 9 having the porous structure may be f ormed 

by setting the current density of the direct curren t at a 

current density smaller than the predetermined valu e. 

        The present invention is not limited to the  details 

of the above described preferred embodiment.  The s cope of 
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the invention is defined by the appended claims and  all 

changes and modifications as fall within the equiva lence 

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

by the invention.
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WHAT IS CLAIMED IS: 

        1.  An annular grindstone, comprising:  

a grindstone portion in which abrasive grains are 

fixed with a bonding material containing nickel, 

        wherein the grindstone portion has a laminated 

structure of a total of three or more layers in which a 

first layer having a porous structure with a first pore 

size and a second layer having a porous structure with a 

second pore size different from the first pore size 

are alternately laminated on top of another in a 

penetrating direction of a through hole and both of 

outermost layers in the laminated structure which are 

exposed outside are the first layers. 

2.  The annular grindstone according to claim 1, 

wherein the first pore size of first layer has a 

smaller diameter than a diameter of the second pore size 

of the second layer. 

3.  The annular grindstone according to claim 1, 

wherein the annular grindstone is formed only of 

the grindstone portion. 

        4.  The annular grindstone according to claim 1, 

further comprising: 

 an annular base, 

 wherein the grindstone portion is disposed at an 
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outer periphery edge of the annular base. 

 5.  A manufacturing method of an annular grindstone 

which includes a grindstone portion in which abrasive 

grains are fixed with a bonding material containing 

nickel and has a through hole at a center thereof, the 

manufacturing method comprising: 

 a plating bath preparation step of preparing a 

plating bath in which a nickel plating solution into 

which the abrasive grains are mixed and an additive which 

contributes to formation of a porous structure are 

stored; 

 an immersion step of immersing a base and a nickel 

electrode in the plating bath; 

 a grindstone portion forming step of flowing a 

direct current through the plating solution with the base 

as a cathode and the nickel electrode as an anode, 

thereby depositing a plating layer containing the 

abrasive grains on a front surface of the base to form 

the grindstone portion; and 

 a base removing step of removing all or part of the 

base to expose all or part of a region of the grindstone 

portion which is covered with the base, 

wherein, in the grindstone portion forming step, a 

first layer having a porous structure with a first pore 
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size and a second layer having a porous structure with a 

second pore size different from the first pore size 

are caused to be alternately laminated on top of another 

by alternately changing a current density of the direct 

current between a current density smaller than a 

predetermined value and a current density of the 

predetermined value or more, thereby forming the 

grindstone portion having a laminated structure of a 

total of three or more layers in which both of outermost 

layers which are exposed outside are the first layers. 

6.  An annular grindstone, comprising:  

a grindstone portion in which abrasive grains are 

fixed with a bonding material containing nickel; and  

a through hole at a center of the grindstone portion, 

wherein the grindstone portion has a laminated 

structure of a total of three or more layers in which a 

first layer having a non-porous structure and a second 

layer having a porous structure, are alternately 

laminated on top of another in a penetrating direction of 

the through hole and both of outermost layers in the 

laminated structure which are exposed outside are the 

first layers. 


