GRI NDI NG METHOD OF WORKPI ECE

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a grinding nethod
of a workpi ece.

Description of the Related Art

A grinding apparatus that thins a workpiece such as
a wafer on which sem conductor devices are fornmed has
been used (for exanple, refer to Japanese Patent Laid-
open No. 2018-24041 and Japanese Patent Lai d-open No.
2017-56523). The above-descri bed grindi ng apparatus
i nvol ves a problemthat, when a hard substrate of silicon
carbide (SiC), sapphire, or the like is ground, it is
difficult for grinding abrasive stones to bite into a
wor kpi ece particularly at the beginning of processing and
the grinding |oad increases and the current value of a
spindle is liable to rise.

Thus, in the grinding apparatus, when the water
amount of grinding water is set small, wear of the
gri ndi ng abrasive stones increases and sel f-sharpening is
pronoted and the grinding load is reduced. However, in
the grinding apparatus, in the case of executing

conti nuous processing of plural workpieces, the cost



i ncreases and the frequency of replacenent of a grinding
wheel increases when the wear of the grinding abrasive
stones increases and therefore setting the water anount
small is unpreferable.

Furthernore, a grinding apparatus in which biting
of grinding abrasive stones is facilitated by setting the
wat er anmount of grinding water small at the begi nning of
processi ng has al so been proposed (for exanple, refer to

Japanese Patent Laid-open No. 2014-124690).

SUMVARY OF THE | NVENTI ON

However, when dulling has occurred due to
processi ng of the previous workpiece, there is a fear
that it is difficult for the abrasive stones to bite into
t he workpi ece and the grinding load increases and it is
I npossible to suppress a rise in the spindle current
val ue even when the water anmount of the grinding water is
set small at the timng of the start of processing, when
the grinding load is liable to be applied at the highest
degr ee.

Thus, an object of the present invention is to
provide a grinding nmethod of a workpiece that can realize
al so reduction in the grinding | oad while preventing

excessi ve wear of grinding abrasive stones.
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In accordance with an aspect of the present
i nvention, there is provided a grinding nethod of a
wor kpi ece that is a grinding nethod in which the
wor kpi ece is thinned to a finished thickness by using a
gri ndi ng apparatus including a holding table that holds
the workpiece, a grinding unit having a spindle on which
a grinding wheel on which grinding abrasive stones that
grind the workpi ece held by the holding table are
annul arly disposed is nounted and a notor that
rotationally drives the spindle, a grinding feed unit
that causes the grinding unit to get further away and
closer to the holding table, a grinding water supply unit
that supplies grinding water to an upper surface of the
wor kpi ece held by the holding table in such a manner that
the flowrate is adjustable, and a control unit that
controls each of the units. The grinding nethod includes
a first grinding step of executing grinding feed of the
grinding unit and grinding the workpiece to a
predet erm ned thi ckness whil e supplying the grinding
water with a first grinding water anount that allows
suppressi on of wear of the grinding abrasive stones and a
second grinding step of, after executing the first
grinding step, pronoting dressing of the grinding

abrasive stones to prepare for processing of the next
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wor kpi ece t hrough executing grinding feed of the grinding
unit and grinding the workpiece to the finished thickness
whil e supplying the grinding water with a second grindi ng
wat er anmount that increases wear of the grinding abrasive
stones and pronotes sel f-sharpening through reduction
relative to the first grinding water anount.

Preferably, the grinding unit includes a rough
grinding unit that uses a grinding wheel with a coarse
grain size and a finish grinding unit that uses a
grinding wheel with a fine grain size and grinds the
wor kpi ece ground by the rough grinding unit, and the
first grinding step and the second grinding step are
executed in the rough grinding unit.

The grindi ng nmethod of a workpi ece according to the
present invention provides an effect that reduction in
the grinding | oad can also be realized while excessive
wear of the grinding abrasive stones is prevented.

The above and ot her objects, features and
advant ages of the present invention and the manner of
realizing themw || becone nore apparent, and the
invention itself wll best be understood froma study of
the followi ng description and appended clains with
reference to the attached drawi ngs showi ng a preferred

enbodi nent of the invention.



BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 is a perspective viewillustrating a
configuration exanple of a grinding apparatus used in a
gri ndi ng nmethod of a workpi ece according to an
enbodi nent;

FIG 2 is a perspective view of a workpiece that is
a processing target of the grinding nethod of a workpiece
according to the enbodi nent;

FIG 3 is a sectional view schematically
illustrating the configuration of grinding units, a
hol ding table, and a grinding water supply unit of the
grinding apparatus illustrated in FIG 1

FIG 4 is a flowhart illustrating the flow of the
gri ndi ng nmethod of a workpi ece according to the
enbodi nent ;

FIG 5 is a diagramillustrating change in the
wat er anmount of grinding water and a spindle current
value in the grinding nethod of a workpiece illustrated
in FIG 4;

FIG 6 is a diagramillustrating change in the
wat er anmount of grinding water and the spindle current
val ue in conparative exanple 1; and

FIG 7 is a diagramillustrating change in the
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wat er anmount of the grinding water and the spindle

current value in conparative exanple 2.

DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENT

An enbodi nent of the present invention wll be
described in detail belowwith reference to the draw ngs.
The present invention is not limted by contents
described in the foll ow ng enbodi ment. Furthernore, what
can be easily envisaged by those skilled in the art and
what are substantially the same are included in
constituent el enents described bel ow. Moreover,
configurations described bel ow can be conbi ned as
appropriate. In addition, various kinds of om ssion,
repl acenent, or change of a configuration can be carried
out w thout departing fromthe gist of the present
I nventi on.

A grinding nethod of a workpiece according to the
enbodi nent of the present invention will be described
based on the drawings. FIG 1 is a perspective view
illustrating a configuration exanple of a grinding
apparatus used in the grinding nethod of a workpiece
according to the enbodinent. FIG 2 is a perspective view
of a workpiece that is a processing target of the

gri ndi ng method of a workpiece according to the
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enbodinent. FIG 3 is a sectional view schematically
illTustrating the configuration of grinding units, a
hol ding table, and a grinding water supply unit of the
grinding apparatus illustrated in FIG 1. FIG 4 is a
flowchart illustrating the flow of the grinding nethod of
a wor kpi ece according to the enbodinent. FIG 5 is a
diagramillustrating change in the water anmount of
grinding water and a spindle current value in the
grinding nmethod of a workpiece illustrated in FIG 4.

The grindi ng nethod of a workpi ece according to the
enbodi nent is a grinding nethod in which a workpi ece 200
illustrated in FIG 2 is thinned by using a grinding
apparatus 1 illustrated in FIG 1. The workpiece 200 that
IS a processing target of the grinding nmethod of a
wor kpi ece according to the enbodinent is a wafer such as
a circul ar-pl ate-shaped sem conductor wafer that enploys
silicon as a substrate 201 or an optical device wafer
t hat enpl oys sapphire, silicon carbide (SiC), or the like
as the substrate 201. In the enbodinent, in the workpiece
200, the substrate 201 with a circular disc shape is
conposed of a material harder than silicon, such as
sapphire or silicon carbide (SiC).

In the workpiece 200, as illustrated in FIG 2, a

device 204 is fornmed in each of plural regions marked out



by plural planned dividing lines 203 that intersect (in
t he enbodi nent, orthogonally intersect) in a front
surface 202 of the substrate 201. For exanple, the device
204 is a circuit such as an integrated circuit (1C or
| arge scale integration (LSI), an inmage sensor of a
charge coupl ed device (CCD), a conplenentary netal oxide
sem conductor (CMOS), or the like, a mcro electro
nmechani cal systens (MEMS), or the like. For the workpiece
200, a protective conponent 210 is stuck to the side of
the front surface 202 of the substrate 201, and the side
of the front surface 202 is sucked and held by a hol di ng
surface 71 wth the internediary of the protective
conmponent 210, and grinding processing of a back surface
205 on the back side of the front surface 202 is
execut ed.

Next, the grinding apparatus 1 illustrated in FIG
1 used in the grinding nethod of a workpi ece according to
the enmbodi nent will be described. The grinding apparatus
1 is a processing apparatus that executes grinding
processi ng of the back surface 205 of the workpiece 200.
As illustrated in FIG 2, the grinding apparatus 1 mainly
i ncl udes an apparatus nmain body 2, a rough grinding unit
3 (equivalent to the grinding unit), a finish grinding

unit 4 (equivalent to the grinding unit), grinding feed
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units 5, a turntable 6, plural (in the enbodi nent, three)
hol ding tables 7 set on the turntable 6, cassettes 8 and
9, a position adjustnment unit 10, conveying units 11, a
cleaning unit 12, a carrying-out/in unit 13, and a
control unit 100.

The turntable 6 is a circul ar-di sc-shaped table
di sposed on the upper surface of the apparatus main body
2 and is disposed rotatably in the horizontal plane and
is rotationally driven at a predetermned timng. On the
turntable 6, for exanple, three holding tables 7 are
di sposed at equal intervals with a phase angle of, for
exanpl e, 120 degrees. These three holding tables 7 are
what have a hol ding table structure including a vacuum
chuck connected to a suction source 72 in the holding
surface 7. The workpiece 200 is placed on the hol ding
surface 71 and the workpiece 200 is sucked and held. At
the tinme of grinding, these holding tables 7 are
rotationally driven in the horizontal plane by a
rotational drive mechani sm around the axial center
parallel to the vertical direction, i.e. a Z-axis
di rection. As above, the holding tables 7 are what have
the hol ding surface 71 that hol ds the workpi ece 200 and
can rotate around the axial center.

The hol ding tables 7 are sequentially noved to a
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carrying-in/out region 301, a rough grinding region 302,
a finish grinding region 303, and the carrying-in/out
region 301 by rotation of the turntable 6.

Note that the carrying-in/out region 301 is a
region in which the workpiece 200 is carried in to and
carried out fromthe holding table 7. The rough grinding
region 302 is a region in which rough grinding
(equival ent to the grinding) of the workpiece 200 hel d by
the holding table 7 is executed by the rough grinding
unit 3. The finish grinding region 303 is a region in
which finish grinding (equivalent to the grinding) of the
wor kpi ece 200 held by the holding table 7 is executed by
the finish grinding unit 4.

The rough grinding unit 3 is a grinding unit on
whi ch a grinding wheel 32 for rough grinding on which
grinding abrasive stones 31 for rough grinding with which
rough grinding of the workpiece 200 held by the hol ding
table 7 is executed are annul arly di sposed i s nount ed,
and that executes rough grinding of the back surface 205
of the workpi ece 200 held by the holding surface 71 of
the holding table 7 in the rough grinding region 302. The
finish grinding unit 4 is a grinding unit on which a
gri ndi ng wheel 42 for finish grinding on which grinding

abrasive stones 41 for finish grinding with which finish
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gri ndi ng of the workpiece 200 held by the holding table 7
I's executed are annul arly disposed is nounted, and that
executes finish grinding of the back surface 205 of the
wor kpi ece 200 held by the holding surface 71 of the

hol ding table 7 in the finish grinding region 303.

Thus, the rough grinding unit 3 is a grinding unit
that uses the grinding wheel 32 for rough grinding and
the finish grinding unit 4 is a grinding unit that uses
the grinding wheel 42 and executes finish grinding of the
wor kpi ece 200 for which rough grinding processing has
been executed by the rough grinding unit 3. Note that the
grinding units 3 and 4 have substantially the sane
configuration and therefore description will be made with
the sane part given the sane nuneral in the foll ow ng.

As illustrated in FIG 1, the rough grinding unit 3
and the finish grinding unit 4 have a spindle 33 with the
| ower end on which the grinding wheel 32 or 42 is nounted
and a notor 34 that rotationally drives the spindle 33
around the axial center parallel to the vertica
direction (referred to also as the Z-axis direction). As
illustrated in FIG 3, the grinding wheels 32 and 42 have
an annul ar base 35 with a circular annular shape and the
plural grinding abrasive stones 31 or 41 fixed to the

| oner surface of the annular base 35. The grinding
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abrasi ve stones 31 and 41 are lined up in the
circunferential direction at the outer edge part of the

| oner surface of the annular base 35. The grinding
abrasi ve stones 31 and 41 are what are made through
fixing of abrasive grains by a bond. The abrasive grains
of the grinding abrasive stones 31 of the grinding whee
32 have a nore coarse (i.e. larger) grain size than the
abrasive grains of the grinding abrasive stones 41 of the
gri ndi ng wheel 42. The abrasive grains of the grinding
abrasi ve stones 41 of the grinding wheel 42 have a finer
grain size than the abrasive grains of the grinding
abrasi ve stones 31 of the grinding wheel 32.

The spindle 33 is housed in a spindle housing 36
rotatably around the axial center parallel to the Z-axis
di rection perpendicular to the holding surface 71 and is
rotated around the axial center by the notor 34 attached
to the spindle housing 36. The spindle 33 is fornmed into
a circular colum shape and a wheel nount 37 for nounting
the grinding wheel 32 or 42 is disposed at the | ower end
of the spindle 33 as illustrated in FIG 3. The wheel
nmount 37 protrudes fromthe | ower end of the spindle 33
in the outer circunferential direction across the whole
circunference and the planar shape of the outer

circunferential surface is fornmed into a circul ar shape.
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The upper surface of the annul ar base 35 is overl apped
wth the | ower surface of the wheel nount 37 and the
grindi ng wheel 32 or 42 is fixed by bolts that are not
illustrated in the diagram The spindle 33 and the whee
nmount 37 are disposed at positions that are coaxial with
each ot her.

In the grinding units 3 and 4, the spindle 33 and
the grinding wheel 32 or 42 are rotated around the axia
center by the notor 34. In addition, while grinding water
is supplied to the back surface 205 of the workpi ece 200
hel d by the holding table 7 in the grinding region 302 or
303, the grinding abrasive stones 31 or 41 are brought
into closer to the holding table 7 at a predetermn ned
feed rate by the grinding feed unit 5. Thereby, rough
grinding or finish grinding of the back surface 205 of
t he wor kpi ece 200 i s execut ed.

Furthernore, in the enbodi nent, the grinding units
3 and 4 include a current val ue neasuring sensor 38 that
measures the current value of a current that flows in the
not or 34 when the spindle 33 rotates around the axia
center (hereinafter, represented as the spindle current
value). The current val ue neasuring sensor 38 outputs a
measurenent result to the control unit 100. The spindle

current value rises when the grinding |oad of the
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grinding unit 3 or 4 (it refers to a load that hinders
rotation of the grinding wheel 32 or 42) increases, and
| oners when the grinding | oad decreases.

Note that the grinding units 3 and 4 include a
grinding water supply unit 14 illustrated in FIG 3. The
grinding water supply unit 14 is a unit that supplies the
grinding water to the back surface 205 of the workpiece
200 that is the upper surface of the workpiece held by
the holding table 7 in such a manner that the flow rate
can be adjusted. As illustrated in FIG 3, the grinding
wat er supply unit 14 includes a grinding water supply
source 141, a grinding water supply flow path 142, and a
gri ndi ng water supply nozzle 143. The grindi ng water
supply source 141 supplies the grinding water to the
grindi ng water supply flow path 142 and the grinding
wat er supply nozzle 143.

The grinding water supply flow path 142 incl udes an
in-spindle flow path 144 that extends at the center of
the spindle 33 along the axial center, an in-nount flow
pat h 145 that comruni cates with the in-spindle flow path
144 and extends fromthe in-spindle flow path 144 toward
the outer circunference of the wheel nount 37 and is
opened in the | ower surface of the wheel nmount 37, and an

I n-base flow path 146 that comruni cates with the in-nount
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flow path 145 and is opened in the inner circunferentia
surface of the annul ar base 35 of the grinding wheel 32
or 42. The in-spindle flow path 144 is a flow path nade
in the spindle 33. The in-nmount flow path 145 is a fl ow
path made in the wheel nmount 37. The in-base flow path
146 is a flow path made in the annul ar base 35. The
grinding water supply flow path 142 causes the grinding
wat er supplied fromthe grinding water supply source 141
to pass through the flow paths 144, 145, and 146
sequentially and supplies the grinding water to the inner
circunferential surface of the annular base 35 of the
grinding wheel 32 or 42. Thereby, the grinding water
supply flow path 142 supplies the grinding water to the
gri ndi ng abrasive stones 31 or 41 that grind the

wor kpi ece 200 and the workpi ece 200.

The grinding water supply nozzle 143 is di sposed
bel ow the | ower surface of the grinding wheel 32 or 42 of
the grinding unit 3 or 4 and is disposed inside the
plural grinding abrasive stones 31 or 41 of the grinding
wheel 32 or 42 of the grinding unit 3 or 4 in grinding
processing. The grinding water supply nozzle 143 is
di sposed bel ow the | ower surface of the grinding wheel 32
or 42 of the grinding unit 3 or 4 and extends fromthe

center of the grinding wheel 32 or 42 of the grinding
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unit 3 or 4 in grinding processing toward the center of
the hol ding surface 71 of the holding table 7 | ocated at
the processing position (that is, the grinding abrasive
stone 31 or 41 |ocated at the processing position), and
supplies the grinding water supplied fromthe grinding
wat er supply source 141 to the grinding abrasive stone 31
or 41 located at the processing position. Note that the
gri ndi ng abrasive stone 31 or 41 |ocated at the
processing position is the grinding abrasive stone 31 or
41 | ocated over the center of the holding surface 71 of
the holding table 7 in the plural grinding abrasive
stones 31 or 41 that rotate around the axial center.

Furthernore, in the enbodi nent, the grinding water
supply unit 14 includes a flow rate adjustnent valve 147
that controls the flowrate of the grinding water
(equivalent to the grinding water anmount) supplied to the
grinding water supply flow path 142 and a flow rate
adj ust nrent val ve 148 that controls the flow rate of the
grinding water supplied to the grinding water supply
nozzl e 143.

The grinding feed units 5 are units that nove the
grinding units 3 and 4 in the Z-axis direction to cause
the grinding units 3 and 4 to get further away from and

closer to the holding table 7. 1In the enbodi nent, the
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grinding feed units 5 are di sposed on upright-di sposed
columms 21 di sposed upright fromone end part of the
apparatus main body 2 in a Y-axis direction parallel to
the horizontal direction. The grinding feed units 5

i nclude a well-known ball screw di sposed rotatably around
the axial center, a well-known notor that rotates the
ball screw around the axial center, and a well-known
guide rail that supports the spindle housing 36 of each
grinding unit 3 or 4 novably in the Z-axis direction.

Incidentally, in the enbodinent, in the rough
grinding unit 3 and the finish grinding unit 4, the axia
center that is the rotation center of the grinding whee
32 or 42 and the axial center that is the rotation center
of the holding table 7 are disposed in parallel at an
interval fromeach other in the horizontal direction and
the grinding abrasive stones 31 or 41 pass over the
center of the back surface 205 of the workpiece 200 held
by the holding table 7.

Cassettes 8 and 9 are housing containers that have
plural slots and are for housing the workpi eces 200. The
cassettes 8 and 9 house the workpi eces 200 before and
after grinding processing. Furthernore, the position
adjustnent unit 10 is a table for allow ng the workpi ece

200 taken out fromthe cassette 8 or 9 to be tenporarily
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pl aced thereon and executing center position adjustnent
of the workpi ece 200.

Two conveying units 11 are disposed. The two
conveying units 11 have a suction adhesi on pad that
causes suction adhesion of the workpiece 200. One
conveying unit 11 holds, by suction adhesion, the
wor kpi ece 200 before grinding processing for which
position adjustnment has been executed by the position
adjustnent unit 10 and carries in the workpiece 200 onto
the holding table 7 located in the carrying-in/out region
301. The other conveying unit 11 holds, by suction
adhesi on, the workpi ece 200 after grinding processing
hel d on the holding table 7 | ocated in the carrying-

i nfout region 301 and carries out the workpiece 200 to
the cleaning unit 12.

The cleaning unit 12 cleans the workpi ece 200 after
gri ndi ng and renoves contam nation such as grindi ng dust
that adheres to the ground back surface 205. The
carrying-out/in unit 13 is a robot pick including a U
shaped hand 131, for exanple, and hol ds the workpi ece 200
by suction adhesion and conveys it by the U shaped hand
131. Specifically, the carrying-out/in unit 13 takes out
t he wor kpi ece 200 before grinding processing fromthe

cassette 8 or 9 and carries out the workpiece 200 to the

18



position adjustnment unit 10. In addition, the carrying-
out/in unit 13 takes out the workpiece 200 after grinding
processing fromthe cleaning unit 12 and carries in the
wor kpi ece 200 to the cassette 8 or 9.

Furthernore, the grinding apparatus 1 includes a
t hi ckness neasuring instrunent that is not illustrated in
t he di agram and neasures the thickness of the workpieces
200 held by the holding tables 7 in the rough grinding
region 302 and the finish grinding region 303. The
t hi ckness neasuring instrunent outputs a neasurenent
result to the control unit 100.

The control unit 100 is what controls each of the
above-descri bed respective constituent units that
configure the grinding apparatus 1. That is, the contro
unit 100 causes the grinding apparatus 1 to execute
gri ndi ng processing operation for the workpi ece 200. The
control unit 100 is a conputer having a cal cul ation
processi ng device having a m croprocessor such as a
central processing unit (CPU), a storing device having a
menory such as a read only nenory (ROM or random access
menory (RAM), and an input-output interface device.

The cal cul ati on processi ng device of the contro
unit 100 executes cal cul ati on processing according to a

conputer programstored in the storing device and out puts
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a control signal for controlling the grinding apparatus 1
to the above-described constituent elenents of the

gri ndi ng apparatus 1 through the input-output interface
device. Furthernore, the control unit 100 is connected to
a display unit configured by a liquid crystal display
device or the |ike that displays the state of processing
operation, an image, and so forth and an input unit used
when an operator registers information on the contents of
processing or the like. The input unit is configured by
at | east one of a touch panel disposed in the display
unit, a keyboard, and so forth.

The grinding apparatus 1 with the above-descri bed
configuration executes processing operation to thin the
wor kpi ece 200 t hrough sequentially executing rough
gri ndi ng processing and finish grinding processing for
t he workpi ece 200 by control of the respective
constituent units by the control unit 100. 1In the
enbodi nent, the cassettes 8 and 9 that house the
wor kpi eces 200 for which the protective conponent 210 is
stuck to the front surface 202 in such a manner that the
protective conponent 210 is oriented downward are set on
t he apparatus main body 2 by an operator. Then, a
processing condition is registered in the control unit

100 and the control unit 100 accepts an instruction to
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start processing operation fromthe operator. Thereupon,
the grinding apparatus 1 starts the processing operation.

In the processing operation, the grinding apparatus
1 rotates the spindles 33 of the respective grinding
units 3 and 4 around the axial center at a rotation speed
defined in the processing condition and causes the
carrying-out/in unit 13 to take out one workpi ece 200
fromthe cassette 8 and carry out the workpiece 200 to
the position adjustnent unit 10. The grinding apparatus 1
causes the position adjustnment unit 10 to execute center
position adjustnment of the workpiece 200 and causes the
conveying unit 11 to carry in the side of the front
surface 202 of the workpiece 200 for which the position
adj ust ment has been executed onto the holding table 7
| ocated in the carrying-in/out region 301. At this tineg,
t he wor kpi ece 200 carried in to the holding table 7 is
positioned to the position coaxial with the holding table
7.

In the processing operation, the grinding apparatus
1 sucks and holds the side of the front surface 202 of
t he wor kpi ece 200 on the holding table 7 in the carrying-
in/fout region 301 with the interposition of the
protective conponent 210 and rotates the turntable 6 to

nove the holding table 7 that holds the workpiece 200 in
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the carrying-in/out region 301 to the rough grinding
region 302. In the processing operation, the grinding
apparatus 1 executes rough grinding processing of the
wor kpi ece 200 by the rough grinding unit 3 with rotation
of the holding table 7 around the axial center while
supplying the grinding water and rotates the turntable 6
to nove the holding table 7 that holds the workpiece 200
after the rough grinding processing to the finish
grinding region 303. The grinding apparatus 1 executes
finish grinding processing of the workpiece 200 by the
finish grinding unit 4 with rotation of the holding table
7 around the axial center while supplying the grinding
water and rotates the turntable 6 to nove, to the
carrying-in/out region 301, the holding table 7 that
hol ds t he workpi ece 200 after the finish grinding
processi ng and whose rotation around the axial center has
st opped.

In the processing operation, the grindi ng apparatus
1 conveys the workpi ece 200 after the finish grinding
processing fromthe holding table 7 in the carrying-
in/fout region 301 to the cleaning unit 12 and cl eans the
wor kpi ece 200 by the cleaning unit 12 and thereafter
houses the workpiece 200 in the cassette 8 or 9. 1In the

processi ng operation, every time the turntable 6 rotates,
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the grinding apparatus 1 carries in the workpiece 200 to
the holding table 7 in the carrying-in/out region 301
that does not hold the workpiece 200 after the finish

gri ndi ng processing and conveys the workpi ece 200 from
the holding table 7 in the carrying-in/out region 301
that hol ds the workpiece 200 after the finish grinding
processing to the cleaning unit 12 and thereafter carries
in the workpi ece 200 before the grinding processing. Wen
havi ng executed the rough grinding processing and the
finish grinding processing for all workpieces 200 in the
cassettes 8 and 9, the grinding apparatus 1 ends the
processi ng operation. Next, the grinding nethod of a

wor kpi ece wi Il be descri bed.

(Ginding Method of Wbrkpi ece)

The grindi ng nmethod of a workpi ece according to the
enbodi nent is a grinding nethod in which the workpiece
200 is thinned to a predeterm ned finished thickness 206
(illustrated in FIG 2) by using the above-descri bed
grinding apparatus 1, and is executed in the rough
grinding unit 3 in the enbodinent. Thus, in the
enbodi nent, the predeterm ned finished thickness 206 is
t he thickness of the workpiece 200 after the rough
gri ndi ng processing by the rough grinding unit 3 and does

not necessarily correspond with the thickness of the
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wor kpi ece 200 after the finish grinding processing.

As illustrated in FIG 4, the grinding nethod of a
wor kpi ece according to the enbodi nent has a first
grinding step 1001 and a second grinding step 1002. That
i's, in the enbodinent, the first grinding step 1001 and
the second grinding step 1002 are executed in the rough
grinding unit 3.

(First Grinding Step)

The first grinding step 1001 is a step of executing
grinding feed of the rough grinding unit 3 and grindi ng
the workpi ece 200 to a predeterm ned thickness while
supplying, to the grinding abrasive stones 31, grinding
water with a first grinding water anount 401 (illustrated
in FIG 5) that is a flow rate that can suppress wear of
the grinding abrasive stones 31. Note that the
predeterm ned thickness is a thickness thicker than the
finished thickness 206 and is defined as appropriate
according to the kind of workpiece 200, the kind of
grinding abrasive stones 31 of the rough grinding unit 3,
and so forth.

Wil e supplying the grinding water with the first
gri ndi ng water anount 401 fromthe grinding water supply
unit 14 to the grinding abrasive stones 31 of the

gri ndi ng wheel 32 of the rough grinding unit 3, the
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gri ndi ng apparatus 1 brings the rough grinding unit 3
closer to the workpiece 200 held by the holding table 7
in the rough grinding region 302 by the grinding feed
unit 5. Then, the grinding abrasive stones 31 of the
rough grinding unit 3 get contact with the workpi ece 200
and the rough grinding processing and the first grinding
step 1001 are started, so that the workpiece 200 is
gradual ly thinned. Note that the first grinding water
amount 401 of the first grinding step 1001 is the sum of
the flowrate that is the grinding water anount of the
grinding water supplied to the grinding water supply flow
path 142 and the flowrate that is the grinding water
amount of the grinding water supplied to the grinding

wat er supply nozzle 143. Furthernore, the first grinding
wat er anmount 401 is equivalent to a water amount (flow
rate) when the rough grinding unit 3 conventionally used
executes rough grinding processing of the workpiece 200,
i.e. when grinding apparatus conventionally used executes
gri ndi ng processi ng of the workpiece 200.

In this manner, in the first grinding step 1001,
wear of the grinding abrasive stones 31 of the rough
grinding unit 3 can be suppressed by supplying the
grinding water with the first grinding water anmount 401

equi valent to the conventional grinding water anount from
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the grinding water supply unit 14 to the grinding
abrasi ve stones 31 of the grinding wheel 32 of the rough
grinding unit 3. As above, the first grinding water
amount 401 that can suppress wear of the grinding
abrasive stones 31 is a water anount (flow rate)
equi valent to that when the rough grinding unit 3
conventionally used executes rough grinding processing of
t he wor kpi ece 200, i.e. when a grindi ng apparatus
conventional |y used executes grinding processing of the
wor kpi ece 200.

Note that the abscissa axis of FIG 5 indicates the
time. The right ordinate axis indicates the grinding
wat er armount of the grinding water supplied to the rough
grinding unit 3. The left ordinate axis indicates the
spindle current value of the rough grinding unit 3.
Furthernore, a dotted line in FIG 5 illustrates change
in the grinding water anmount of the grinding water
supplied to the rough grinding unit 3. A solid line in
FIG 5 illustrates change in the spindle current val ue of
the rough grinding unit 3.

In the enbodinent, in the first grinding step 1001,
the grinding feed rate of the rough grinding unit 3
brought closer to the holding table 7 by the grinding

feed unit 5 is lowered in a stepw se manner according to
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the thickness of the workpiece 200. In the enbodinent, in
the first grinding step 1001, the grinding feed rate of
the rough grinding unit 3 by the grinding feed unit 5 is

| onered at three stages. However, in the present

i nvention, the stages at which the grinding feed rate is

| owered are not limted to three stages.

In the first grinding step 1001, as illustrated in
FIG 5, in the grinding apparatus 1, dulling gradually
occurs because of the state in which self-sharpening is
not pronoted due to suppression of wear of the bond of
the grinding abrasive stones 31 of the rough grinding
unit 3, the influence of grinding dust, and so forth and
the spindle current value of the rough grinding unit 3
gradually rises. In the first grinding step 1001, as
illustrated in FIG 5, the grinding apparatus 1 keeps the
grinding water anount at the first grinding water anount
401 and thins the workpiece 200 to the predeterm ned
t hi ckness.

(Second Ginding Step)

The second grinding step 1002 is a step of, after
executing the first grinding step 1001, pronoting
dressing of the grinding abrasive stones 31 to prepare
for rough grinding processing of the next workpi ece 200

t hrough executing grinding feed of the rough grinding
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unit 3 and executing rough grinding processing of the

wor kpi ece 200 to the finished thickness 206 while
supplying the grinding water with a second gri ndi ng water
amount 402 that increases wear of the grinding abrasive
stones 31 and pronotes sel f-sharpening through reducing
the grinding water anmount relative to the first grinding
wat er anmount 401.

In the second grinding step 1002, the grinding
apparatus 1 lowers the grinding feed rate of the rough
grinding unit 3 by the grinding feed unit 5 relative to
the grinding feed rate of the first grinding step 1001
and, as illustrated in FIG 5, controls the flowrate
adj ust nent val ves 147 and 148 to reduce the water anount
of the grinding water supplied to the grinding abrasive
stones 31 of the grinding wheel 32 of the rough grinding
unit 3 by the grinding water supply unit 14 to the second
gri ndi ng water anount 402 |ower than the first grinding
wat er anmount 401. In this case, self-sharpening in which
the bond of the grinding abrasive stones 31 of the rough
grinding unit 3 wears and abrasive grains drop off from
the bond is pronoted. In the second grinding step 1002,
the grinding abrasive stones 31 of the rough grinding
unit 3 in which dulling has been being caused due to

grinding dust and so forth in the first grinding step
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1001 are subjected to dressing to allow rough grinding
processi ng by new abrasive grains due to the pronotion of
t he sel f-shar peni ng.

Thus, in the second grinding step 1002, in the
grinding apparatus 1, the grinding load |owers relative
to that in the first grinding step 1001 and the spindle
current value lowers as illustrated in FIG 5 because the
sel f-sharpeni ng of the grinding abrasive stones 31 of the
rough grinding unit 3 is pronoted and dressing is
executed. In the second grinding step 1002, when having
t hi nned t he wor kpi ece 200 to the finished thickness 206,
the grinding apparatus 1 stops the grinding feed of the
rough grinding unit 3 by the grinding feed unit 5.
Thereafter, the grinding apparatus 1 separates the rough
grinding unit 3 fromthe holding table 7 by the grinding
feed unit 5 and ends the second grinding step 1002 to end
t he rough grinding processing of the workpiece 200.

Then, the grinding apparatus 1 sequentially
executes the first grinding step 1001 and the second
grinding step 1002 in the rough grinding unit 3 for the
next workpi ece 200 (hereinafter, referred to as the n +
1-th workpiece, nis a natural nunber) held by the
hol ding table 7 positioned in the rough grinding region

302 next through rotation of the turntable 6. At this
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time, because dressing of the grinding abrasive stones 31
of the rough grinding unit 3 is executed when the second
grinding step 1002 is executed for the previous workpiece
200 (hereinafter, referred to as the n-th workpiece),
when the first grinding step 1001 is executed for the n +
1-th workpi ece 200, the grinding abrasive stones 31 bite
into the workpiece 200 frominmredi ately after the start

of the first grinding step 1001 and the grinding | oad
does not suddenly rise. Thus, as illustrated in FIG 5,
the spindle current val ue does not represent a sharp rise
tenporarily but gradually rises simlarly to when the n-
th workpiece 200 is ground. FIG 5 illustrates the case
of n = 1.

As above, in the grinding nethod of a workpiece
according to the enbodi nent, the grinding water anount of
the second grinding step 1002 in the latter half of
grindi ng processing of the workpiece 200 is set to the
second grindi ng water anount 402 arising fromreduction
relative to the first grinding water anmount 401 of the
first grinding step 1001 and sel f-sharpeni ng of the
grindi ng abrasive stones 31 is pronoted. Thus, in the
gri ndi ng nmethod of a workpi ece according to the
enbodi nent, the rough grinding processing of the next

wor kpi ece 200 can be started in the state in which
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dressi ng has been sufficiently executed and it becones
easier for the grinding abrasive stones 31 to bite into

t he wor kpi ece 200 at the time of the start of rough
grindi ng processing of the n + 1-th workpi ece 200. Thus,
the grinding load at the tinme of the start of the rough
gri ndi ng processing, when the grinding load of the n + 1-
th workpiece 200 is readily applied, can be suppressed.
This can prevent a rise in the spindle current val ue at
the tinme of the start of the rough grinding processing of
the n + 1-th workpi ece 200.

Furthernore, in the grinding nethod of a workpiece
according to the enbodi nent, the grinding water anount of
the first grinding step 1001 in the forner half of
grindi ng processing of the workpiece 200 is set to the
first grinding water anmount 401 that is equivalent to the
conventional grinding water anount and is higher than the
second grinding water anount 402. Therefore, wear of the
gri ndi ng abrasive stones 31 in the first grinding step
1001 is suppressed and the grinding water anmount is
reduced to the second grinding water anount 402 to
i ncrease the wear and pronote self-sharpening in the
latter half, in which dulling progresses. Due to this,
the grinding nethod of a workpiece according to the

enbodi nent can reduce the grinding | oad while preventing
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excessi ve wear of the grinding abrasive stones 31.
Furthernore, the grinding nethod of a workpiece
according to the enbodi nent uses the grinding apparatus 1
t hat executes rough grinding processing and finish
gri ndi ng processing. Therefore, the water anount of the
grinding water is reduced to pronote self-sharpening in
the second grinding step 1002 of the rough grinding unit
3. In the grinding nethod of a workpiece according to the
enbodi nent, by executing grinding with use of the
gri ndi ng abrasive stones 31 in which self-sharpening is
pronoted in the second grinding step 1002, the back
surface 205 that is the ground surface of the workpiece
200 after the rough grinding processing by the rough
grinding unit 3 can dare to be roughened (sanme neani ng as
maki ng scratches to increase the surface roughness) at a
hi gher degree than in the case in which the grinding
wat er anmount is kept constant fromthe start of the
grinding to the end and in a conventional nethod in which
grinding is executed with the grinding water anount
increased in the latter half of the grinding relative to
in the former half. Due to this, because the grinding
nmet hod of a workpi ece according to the enbodi nent uses
the grinding apparatus 1 that executes rough grinding

processing and finish grinding processing, the grinding
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abrasi ve stones 41 of the grinding wheel 42 for finish
grinding readily bite into the workpi ece 200 due to
concavities and convexities of the back surface 205 of

t he workpi ece 200 when grinding is executed by the
grindi ng wheel 42 for finish grinding with a finer grain
size of abrasive grains at the tinme of the finish
grindi ng processing. Furthernore, wear is also pronoted
and grinding processing with suppression of the grinding
| oad can be inplenmented even with the grindi ng wheel 42
for finish grinding, in which the grinding abrasive
stones 41 bite into the workpi ece 200 | ess readily.

As a result, the grinding nethod of a workpiece
according to the enbodi nent provides an effect that
reduction in the grinding | oad can al so be realized while
excessive wear of the grinding abrasive stones 31 is
prevent ed.

Mor eover, because the grinding nethod of a
wor kpi ece according to the enbodi nent uses the grinding
apparatus 1 that executes rough grinding processing and
finish grinding processing, the surface roughness of the
back surface 205 of the workpi ece 200 can be set |ow by
the finish grinding processing even when the back surface
205 of the workpiece 200 is roughened by the rough

grinding unit 3. Therefore, the processing quality of the
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wor kpi ece 200 can al so be kept high while the grinding
| oad is reduced.
Next, the assignee of the present invention

confirmed effects of the grinding nethod of a workpiece

according to the enbodinent. In the confirmation, in
conparative exanple 1 illustrated in FIG 6 and
conparative exanple 2 illustrated in FIG 7, the spindle

current val ue when rough grinding processing of the n-th
wor kpi ece 200 and the n + 1-th workpi ece 200 was execut ed
by the rough grinding unit 3 was neasured. Furthernore,
in the confirmation, n = 1 was set. Note that FIG 6 is a
diagramillustrating change in the water anmount of
grinding water and the spindle current value in
conparative exanple 1. FIG 7 is a diagramillustrating
change in the water anount of the grinding water and the
spindle current value in conparative exanple 2.
Incidentally, in FIG 6 and FIG 7, simlarly to
FIG 5, the abscissa axis indicates the tine, and the
right ordinate axis indicates the grinding water anount
of the grinding water supplied to the rough grinding unit
3, and the left ordinate axis indicates the spindle
current value of the rough grinding unit 3. Furthernore,
in FIG 6 and FIG 7, a dotted |line represents change in

the grinding water anount of the grinding water supplied
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to the rough grinding unit 3 and a solid |ine represents
change in the spindle current value of the rough grinding
unit 3.

In conparative exanple 1, regarding which the
spindle current value is illustrated in FIG 6, the
gri ndi ng water anount was kept at the first grinding
wat er anmount 401 at the tine of the rough grinding
processi ng by the rough grinding unit 3 and the other
condi tions were set identical to those of the enbodi nent
(that is, the grinding water anmount was neither increased
nor decreased fromthe first grinding water anmount 401
fromimediately after the processing start of the rough
grinding processing to the tine of the processing end).
In conparative exanple 2, regarding which the spindle
current value is illustrated in FIG 7, the grinding
wat er anmount imedi ately after the start of the rough
grindi ng processing of the n + 1-th workpi ece 200 was set
to the second grinding water anount 402 and thereafter
the grinding water anmount was kept at the first grinding
wat er anmount 401 and the other conditions were set
i dentical to those of the enbodi nent (corresponding to
the net hod described in the above-descri bed Japanese
Pat ent Lai d-open No. 2014-124690) (that is, formin which

the grinding water anmount i medi ately after the
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processing start of the rough grinding processing was set
smaller than that in the latter half of the rough

gri ndi ng processing and the grinding water anmount was
increased in the latter half of the rough grinding
processing relative to that in the former half of the
processi ng).

According to FIG 6, in conparative exanple 1
because the grinding water anmpunt was kept at the first
gri ndi ng water anount 401 that suppressed wear of the
gri ndi ng abrasive stones 31, |oading of the grinding
abrasi ve stones 31 occurred and the spindle current val ue
tenporarily rose at the tine of the start of the rough
grindi ng processing of the n + 1-th workpi ece 200.
Furthernore, according to FIG 7, in conparative exanple
2, in the latter half of the rough grinding processing,
the grinding water anount was changed to the second
gri ndi ng water anount 402 arising fromreduction relative
to the first grinding water anmount 401 used in the forner
hal f of the processing and wear of the grinding abrasive
stones 31 was suppressed. Therefore, in the state in
whi ch the grinding abrasive stones 31 involved dulling,
the timng of the processing start, when the grinding
| oad was applied at the highest degree with respect to

t he next workpiece 200, cane. Thus, the grinding | oad
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further rose and the spindle current value tenporarily
rose at the tine of the start of the rough grinding
processing of the n + 1-th workpi ece 200. Therefore,
according to FIG 6 and FIG 7, it becane clear that the
grinding load tenporarily rose at the tinme of the start
of the rough grinding processing of the n + 1-th

wor kpi ece 200 in conparative exanple 1 and conparative
exanple 2. The tenporary sudden rose in the grinding |oad
is liable to give scratches and damage to the workpi ece
200 as well as the grinding abrasive stones 31 and
therefore is unpreferable.

It is obvious that, in contrast to such conparative
exanple 1 and conparative exanple 2, in the enbodi nent,
the spindle current value does not tenporarily rise at
the tine of the start of the rough grinding processing of
the n + 1-th workpiece 200 as illustrated in FIG 5 and
the grinding | oad does not tenporarily rise. Therefore,
it becones clear that the grinding load at the tine of
the start of the rough grinding processing of the n + 1-
th wor kpi ece 200 can be suppressed by setting the
gri ndi ng water anount of the second grinding step 1002 in
the latter half of grinding processing of the workpiece
200 to the second grinding water anount 402 arising from

reduction relative to the first grinding water anount 401
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of the first grinding step 1001 and pronoting self-
shar peni ng of the grinding abrasive stones 31.

Note that the present invention is not limted to
t he above-descri bed enbodi nent. That is, the present
I nvention can be carried out with various nodifications
wi t hout departing fromthe gist of the present invention.
Incidentally, in the enbodi nent, the grinding water
supply unit 14 includes the flow rate adjustnent valve
147 that controls the flowrate (equivalent to the
gri ndi ng water anount) of the grinding water supplied to
the grinding water supply flow path 142 and the flow rate
adj ustnment val ve 148 that controls the flowrate of the
grinding water supplied to the grinding water supply
nozzl e 143. However, it suffices that the grinding water
supply unit 14 includes at |east either the set of the
grinding water supply flow path 142 and the flow rate
adj ustnment val ve 147 or the set of the grinding water
supply nozzle 143 and the flow rate adjustnment valve 148.
Furt hernore, when the grinding water anmount is changed
fromthe first grinding water anmount 401 to the second
gri ndi ng water anount 402, both of the flowrate
adj ust nrent val ve 147 and the flow rate adjustnent val ve
148 are adjusted in the enbodi ment. However, only either

one nmay be adj usted.
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The present invention is not Iimted to the details
of the above described preferred enbodi nent. The scope of
the invention is defined by the appended clains and al
changes and nodifications as fall within the equival ence
of the scope of the clains are therefore to be enbraced

by the invention.
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WHAT IS CLAIMED | S

1. A grinding nethod of a workpiece that is a
grinding nethod in which the workpiece is thinned to a
finished thickness by using a grinding apparatus
i ncluding a holding table that holds the workpiece, a
grinding unit having a spindle on which a grinding whee
on which grinding abrasive stones that grind the
wor kpi ece held by the holding table are annularly
di sposed is nounted and a notor that rotationally drives
the spindle, a grinding feed unit that causes the
grinding unit to get further away and cl oser to the
hol ding table, a grinding water supply unit that supplies
grinding water to an upper surface of the workpiece held
by the holding table in such a manner that a flowrate is
adj ustable, and a control unit that controls each of the
units, the grinding nethod conprising:

a first grinding step of executing grinding feed of
the grinding unit and grinding the workpiece to a
predet erm ned thi ckness whil e supplying the grinding
water with a first grinding water anount that allows
suppression of wear of the grinding abrasive stones; and

a second grinding step of, after executing the
first grinding step, pronoting dressing of the grinding

abrasive stones to prepare for processing of a next
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wor kpi ece t hrough executing grinding feed of the grinding
unit and grinding the workpiece to the finished thickness
whil e supplying the grinding water with a second grindi ng
wat er anmount that increases wear of the grinding abrasive
stones and pronotes sel f-sharpening through reduction
relative to the first grinding water anount.
2. The grinding method of a workpiece according to
claim1, wherein
the grinding unit includes
a rough grinding unit that uses a grinding
wheel with a coarse grain size, and
a finish grinding unit that uses a grinding
wheel with a fine grain size and grinds the workpi ece
ground by the rough grinding unit, and
the first grinding step and the second grindi ng

step are executed in the rough grinding unit.
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