APPARATUS AND METHOD FOR MACHI NI NG WORKI
TO THE TOOL- AND- WORKPI ECE | NTERFACE
Field of 'the Invention:

10

15

20

25

30

REPLACED SHEETS
Pl FCES BY FLUSHI Nl(j
NBegeR ..T Et¢
Claim(s) : paged .....2 to paged /

?/Drawing(s) : paged ....... to paged ...
Abstract

APPARATUS AND METHOD FOR MA et

WORKING LIQUID TO THE TOOL-AND-WORKPIECE INTERFAC]\:’://

: paged ....\ . to paged

ING

BACKGROUND OF THE INVENTION
1. Field of the Invention:

The present invention relates to a machining method in which
a required machining is effected on a workpiec'e by holding the
workpiece firmly with the aid of holding means and by putting a
working tool in contact with the workpiece thus firmly held. Also,
the present invention relaf:es to a machining apparatus using such
a machining method.

2. Description of Related Art

In a variety of such machining apparatuses a working or
machining liquid is directed to the place at which the working tool
is put in contact with the workpiece, thereby cooling the ivorking
tool-and-workpiece contacting area to improve the macﬁining
precision and the quality of the finished products.

It

As

Fig.14 shows one example of such a machining apparatus.
is a dicing apparatus 50 for dicing semiconductor wafers "W”.
seen from Fig.15, a semiconductor wafer “W” is held in a frame "F”
with the aid of holding tape ”T”, and a plurality of so framed
semiconductor wafers are contained in a cassette 71.

Each semiconductor wafer ”"W” has lateral and longitudinal
linear passage "S” forming a lattice pattern to define a plurality
of rectangular areas, each having a circuit pattern formed thereon.

The semiconductor wafers ”W” are transferred from the
cassette 71 to a tentative storage place 73 one after another by
transporting means 72. Another transporting means 74 sucks a
selected framed sémiconductor wafer "W” by applying a negative
pressure thereto, and then it turns to bring the framed
semiconductor wafer "W” from the tentative storage place 73 to a
chuck table 58, putting the framed semiconductor wafer “W” thereon.
Then, the framed semiconductor wafer "W” is sucked and held there

with a negative pressure applied thereto.
This Sheet Has Been Replaced
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passage "S”, th.ch are to be cut according to the pattern matching

5 process. The chuck table 58 is moved forward again in the X-
direction to a cutting station, in which a cutter unit 77 cuts the
semiconductor wafer ”"W” along each and every linear passage ”S" .
with its cutting blade 76 while being supplied with a cutting
liquid as a working liquid. Thus, the semiconductor wafer "W” is

10 diced by cutting the lateral and longitudinal linear passage one
by one and separated into a plurality of chips.

Referring to Fig.16, the cutter unit 77 has its cutting blade
76 covered with a blade cover 78. The cutting blade 76 has
agglomeration of abrasive grain on its circumference 79 formed with

15 pulverized diamond et al by electro forming. - Also, the cutter unit
77 has a spindle 81 rotatably supported in a spindle housing 80
and a pair of nozzles 82a and 82b to sandwich the cutting blade
76 therebetween, as shown in Fig.17. The cuttingblade 76 is fixed
to the end of the spindle 81. The nozzles 82a and 82b direct the

20 working liquid to the opposite sides of the cutting blade 76 at
the rate of about two liters per minute for cooling the
semiconductor wafer "W”.

Even though the whole surface of the semiconductor wafer "W”
has been wet with the working liquid, and in spite of the continuous

25 supplying of the working liquid to the blade-and-wafer contacting
place the semiconductor wafer ”"W” cannot be cooled well. As a
result it is likely to cause cracks or chippings at the edges of
the chips made by dJ.Clng, thus deteriorating the quality of the
finished chips and lowering the machining precision.

30 Also disadvantageously, a lot of working liquid must be
supplied to wash debris away from the cutting area. Disposal of
the so contaminated liquid waste despoils the environment.

Lest an insufficient amount of working liquid should be

supplied to the wafer-and-blade contacting place an excessive
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Not only the semiconductor wafer dicing apparatus but also
any other rhachining apparatuses using a working liquid
continuously flushing to the workpiece—-and-~blade contacting place
have the above described problems in common. Thus, there has been
an increasing demand for saving the working liquid without lowering

the machining precision and the quality of finished products.

SUMMARY OF THE INVENTION
To meet such a demand a machining apparatus according to the

present invention comprises: holding means for holding a workpiece

"to be machined; machining means having a working tool put in contact

20

25

30

with the workpiece held by the holding means for effecting a
required machining; working liquid supplying means for directing
a working liquid to the place at which the working tool is put in
contact with the workpiece; and gas ejecting means for ejecting
a gas toward the workpiece in such a way that the working liquid
may forcedly invade into the working tool-and-workpiece contacting
area.

The working tool may comprise an agglomeration of abrasive
grain, and the agglomeration of abrasive grain may function as a
whetstone. The holding means may be a chuck table. The required
machining may be to grind a workpiece. The workpiece may be a
semiconductor wafer. The working liquid may be water, and the gas
ejected from the gjé.s ejecting means may be air.

The agglomeration of abrasive grain may be a cutting blade,
and then the machining means may be a cutting means.

A machining method in which a required machining is effected
on a workpiece by holding the workpiece with holding means and by
putting a working tool in contact with the workpiece thus held,
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Then, the framed’ sem conduct fmﬁ“ﬁﬁ”ﬁﬁ ekl ed and held there  with
is improved according to the present invention in that: a working
liquid is directed to the place at which the working tool is put
in contact with the workpiece; and simultaneously a gas is ejected
toward the workpiece in such a way that the working liquid may

5 forcedly invade into the working tool-and-workpiece contacting
area.

An agglomeration of abrasive grain may be used as a working
tool. Then, the agglomeration of abrasive grain may be used as
a whetstdne, and a required machining may be to grind the workpiece.

10 The holding means maiy be a chuck table, and the workpiece
may be a semiconductor wafer. The working liquid may be water,
and the gas ejected from the gas ejecting means may be air. And
the grinding may be to grind the surface of a semiconductor wafer.
The abrasive grain may be a cutting blade and the required machining

15 may be to cut the workpiece, or more specifically dice a
semiconductor wafer. "

The ejection of air has the effect of pushing the working
liquid forcedly into the working tool-and-workpiece contacting
area, thereby permitting the working liquid to invade effectively

20 into the working tool-and-workpiece contacting area at an
increased efficiency.

Other objects and advantages of the present invention will
be better understood from the following description of preferred
embodiments of the present invention, which are shown in

25 accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig.l is a perspective viewof a machining apparatus according
to a first embodiméht of the present invention, which is given in
30 the form of grinding apparatus;
Fig.2 illustrates the grinding means, the chuck table and
the gas ejecting means of the grinding apparatus of Fig.l;
Fig.3 shows different modes of gas ejecting means;

Fig.4 is a general arrangement of main parts in the grinding
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16, the cutter unit_77 _has its cytting bl ade 76 covered with a_bl ade
cover 78. The é‘d{‘i-i%@-lﬁ-l%af@%gé’w agsemz.qonductor wafer Jc.ls ground while

5 exposed to the flushing of water and ejection of gas;

Fig.7 is an enlarged view of the portion indicated by a circle
A in Fig.6;

Fig.8 is a graphic representation showing how the wear of
whetstone Vari_es with the number of semiconductor wafers to be

10 ground; _

Fig.9 is a graphic representation showing how the spindle
load current varies with the number of semiconductor wafers to be
ground;

Fig.1l0 shows a machining apparatus according to a second

15 embodiment of the present invention, which is given in the form
of dicing apparatus; '

Fig.ll illustrates a first example of water-flushing and
gas-ejecting structure, showing the manner in which a
semiconductor wafer is diced while exposed to the flushing of water

20 and ejection of gas;

Fig.12 illustrates a second example of water-flushing and
gas-ejecting structure, showing the manner in which a
semiconductor wafer is diced while exposed to the flushing of water
and ejection of gas; |

25 Fig.13 illustrates the second example of water—flushing and
gas-ejecting structure, showing the grinding operation as viewed
from an angle different from Fig.1l2;

Fig.1l4 is a perspective view of a conventional dicing
apparatus; '

30 Fig.1l5 is a plane view of a framed semiconductor wafer;

Fig.16 illustrates a conventional cutting means in the dicing
apparatus; and

Fig.17 illustrates the water-flushing and cutting structure,

showing the manner in which a semiconductor wafer is diced while
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5 manner inwhich a semiconductor wafer "W” can be ground while being

exposed to the flushing of water and ejection of air is described
below. |

A selected semiconductor wafer to be ground is transferred
from a first cassette 37b to a first centering table 37d by a first

10 transporting means 37c. Then, the semiconductor wafer is
transferred from the centering table 37d to a selected chuck table
33, which is on a turntable 32, and happens to be in the vicinity
of the centering table 37d, by a second transporting means 35b.
The chuck table 33 will be brought and put just below a grinding

15 | means 34b by rotating the turntable 32. When the'turntéble 32
rotates, the grinding whetstone of a first grinding means 34bwhile
rotating is lowered until the grinding whetstone is pushed against
the semiconductor wafer. Thus, the coarse grinding is effected
on the semiconductor wafer.

20 Further turning of the turntable 32 brings the semiconductor
wafer to a second grinding means 34a, and the grinding whetstone
of the grinding means 34a is rotated and lowered until it is pushed
against the semiconductor wafer. Thus, the fine grinding such as
mirror-like finishing is effected on the semiconductor wafer.

25 The chuck table 33 bearing the ground semiconductor wafer
is brought to the vicinity of a tentative storage station 36a. Then,
by a second transporting means 35a the semiconductor wafer is put
on the tentative storage station 36a for washing. After being
washed there, the?' semiconductor wafer is brought to a second

30 centering table 37e, and finally it is transported into a second
cassette 37a.

As seen from Fig.l, a wall 38 rises from the rear side of
the working table 31. The wall 38 has two pairs of parallel rails
39 extending vertically thereon, and each pair of rails 39 has a
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di sadvant ageously, a | ot |d must be supplied to wash
debris away fromthe cuttlng area D sposal of the so contam nated

| i quid waste despoils the environnent. Lest an insufficient anount

of wor ki ngliidew 40stanablp<ixed thepeoad t Bathes hider 4dhdarids thatfiotdtg
place an exceecon% grinding means 34a or 34b. Each slider 40 is driven by
a drive block (described later) positioned on the rear side of the
wall 38, which is connected to one of two stepping motors 21
5 respectively.

As seen from Fig.2, a spindle housing 41 has a spindle 42
rotatably fixed at its center, and the spindle 42 has a disc mount
43 on its bottom end. The disc mount 43 has a grinding wheel 44
fixed to its bottom. As seen fromFig.6, the épindle 42 has channel
10 45 formed for working liquid to flow. This channel 45 extends
radially to nozzle apertures 47 made on the circumference of the
grinding wheel 44 via diverged ways 46 formed in the disc mount
43. Grinding whetstones 48 are fixed to the grinding wheel 44
outside of the nozzle apertures 47, to be used as working tool.
15 Gas ejecting means 10 rises from the working table 31 with
its nozzle 11 directed toward the chuck table 33. As shown inFig.2,
the gas ejecting means 10 is supplied with air at an increased
pressure from an associated gas supply 13. Thus, a stream of
high-pressure air 14 is ejected from the nozzle 12. As shown in
20 Fig.3(A), the gas ejectingmeans 10 may be so designed that a nozzle
11 having a single outlet 12 may be rotated and moved up and down,
ejecting gas from the outlet 12; in Fig.3(B), a nozzle 11 having
a plurality of outlets 12 made in its divergent head may be rotated
and moved up and down, ejecting gas frcm the outlets 12; or in
25 Fig.3(C), a noézle 11 having a single horizontal slit 12 made in
its divergent head may be rotated and moved up and down, ejecting

gas from the horizontal slit 12.
As Shown_in.F;g.4, the semiconductor grinding apparatus has
a control 20 for corﬁ:rolling up-and-down movement of grinding means
30 34, rotation of the spindle 42 and rotation of the chuck table 33.
The stepping motor 21 on the rear side of the wall 38 is
connected to an associated motor drive 24. The stepping motor 21
has a drive block 23 threadedly engaged with its threaded shaft
22. The drive block 23 is connected to the slider 40 on the front
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Not only the sem conductor wafer dicing apparatus but also any ot her
machi ni ng apparatuses using a working liquid continuously flushing to

the wor kps gge-céhel waEL @9\t achengomt ©6E 20 permits driving of the stepping
motor 21 via the associated motor drive 24, thereby moving the
slider 40 up and down along the guide rails 39, and hence moving
the grinding means 34 up and down on the front side of.the wall
5 38. |

A linear scale 25 extends vertically on the rear side of the
wall 38 to determine the vertical location of the drive block 23
for informing the control 20 of the instantaneous position of the
drive block 23. This arrangement permits the control 20 to effect

10 a precision control on the up-and-down movement of the grinding
means 34.

The chuck table 33 is equipped with an encoder 27 and a
servomotor 28, and the control 20 is connected to the encoder 27
and the servomotor 28 of the chuck table 33 via a servo-driver 26

15 for controlling rotation of the chuck table 33. '

In grinding a semiconductor wafer "W”, which is firmlf'held
on the chuck table 33, the chuck table 33 is rotated, and at the
same time, the spindle 42 is rotated and the grinding means 34 is
lowered to push the rotating grinding whetstone 48 against the

20 semiconductor wafer ”"W”. Thus, the semiconductor wafer "W” is
subjected to grinding. At the same time the water as working liquid
is allowed to flush to the wafer "W” from the apertures 47 by
thrusting water 15 in the water channel 45 and the diverged ways
46. '

25 As best seen from Fig.5, the grinding wheel 44 has a plurality
of water-ejecting apertures 47 made at regular intervals
circumferentially on its circular base 44a, and a plurality of
grinding whetstones 48 encircling the water—ejecting apertures 47.
The disc mount 43 is bolted to the top side of the grinding wheel

30 44.

As best seen from Fig.6, in grinding semiconductor wafers
by the grinding apparatus 30 each semiconductor wafer "W"_is put
on the respective chuck table 33 to be firmly fixed thereon. Then,
the chuck table 33 is rotated, and the spindle 42 and hence the

-8 -
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of pressure. All of these are controlled by the control 20.

5 Distilled water is supplied to the water channel 45 at the
rate of 0.4 liters per minute for flushing from the apertures 47
of the grinding wheel 44 via diverged ways 46 to a selected
semiconductor wafer "W”.

At the same time a gas is supplied to the gas ejecting means

10 10 to eject the gas from the nozzle 12 preferably at the pressure
of 3 to 5 atmospheres at the rate of 5 to 20 liters per minute.
Lubricating oil may be used in place of distilled water. Air may
be replaced by inert gas. A liquid-and-gas mixture may be used,
and then, the liquid will spread like mist.

15 As shown in Fig.7, thanks to the ejected air the workJ.ng ln.quz.d
15 is made to flow at an increased speed to invade forcedly into
the semiconductor-and-whetstone contacting place, thereby
expediting the cooling of the semiconductor wafer ”W”. The
cooling effect can be amplified by vaporization of working liquid,

20 thereby depriving the semiconductor of heat for vaporization.

Thus, face burn of the semiconductor can be prevented even
though the working liquid is made to flush at a relatively small
rate, for example at the rate of 0.4 liters per minute.
Experimental results revealed that: 300 semiconductor wafers were

25 ground without being damaged by face burn when air was blowing
according to the present invention whereas the grinding was found
impossible in the course of grinding the second semiconductor when
no alr-bIOW1ng'was used. Working liquid must be supplied at the
rate of 2 liters per minute when no air-blowing is used.

30 The forced invasion of air and water into the wafer-and-
whetstone contacting place has the effects of: preventing
appearance of cracks or distortions in the ground semiconductor
wafer; making it possible to accomplish the mirror-like gtinding

of semiconductor wafer; and permitting the semiconductor wafer to
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oo e, RIS sy LUBTRER 04 A 0 b ol
life because of least wearing, which is caused by forced invasion
5 of air and water into the wafer-and-whetstone contééting place.
Fig.8 shows the wearing of whetstone 48 without using forced air
as in the conventional grinding method using cooling water only,
and the wearing of whetstone 48 when using air ejection 14 toward
wafer—-and-whetstone contacting place according to the present

10 invention.

As seen from the graphic representation, in either case the
wearing of whetstone (ordinates) is likely to increase linearly
with the number of semiconductor wafers (abscissa). The gradient
of the wearing curve in case of using air-blowing is 0.69 whereas

15 the gradient of the wearing curve in case of using no air'-blowing
is 1.0034. The wearing is reduced about 30 percent by :using
air-blowing. Stated otherwise, the life of the grindingwhetstone
is extended 30 percent. '

To prevent the rotating speed of the spindle 42 from

20 descending by the occasional increase of friction between the
grinding whetstone 48 and the semiconductor wafer "W” it is usually
necessary to increase the electric current to the motor for driving
the spindle. The forced invasion of working water into the
wafer—and-whetstone contacting place has the effect of keeping the

25 friction at the contacting place at a relatively small value. This
was realized from the experiment results, which reveal that a
minimum quantity of additional electric current is required, as
seen from Fig.9. The graphic representation of the number of
wafers to be groundh_(abscissa) relative to the additional electric

30 current (ordinates) shows that: the additional electric current
can be reduced approximately by 0.7 amperes inmean value; and there
appears no sudden rise in the additional electric current because
of even wearing of the whetstone 48 in the course of grinding. Thus,

additional electric current remains substantially stable.
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Now, a dicing apparatus according to the second embodiment
of the present invention, and the manner in which semiconductor
wafers are subjected to dicing in the dicing apparatus are
described below. The dicing apparatus according to the present
invention is different from the conventional dicing apparatus 50
as shown in Fig.14 only in dicing structure, and therefore, the
other parts other than the dicing structure are indicated by same -
reference numerals as used in describing the conventional dicing
apparatus, and descriptions of same parts are omitted. |

As seen from Fig.10, the cutting means 51 has a cutting blade
52 covered with a blade cover 53. The cutting blade 52 has
agglomeration of abrasive grain on its circumference 54 formed with
pulverized diamond et al by electro forming. Also, the blade cover
53 has cutting liquid nozzles 55a and 55b arranged at equal distance
from the opposite sides of the cutting blade 52 to be used as v}orking
liquid supplying means, as seen from Fig.l1l. “

An another cutting liquid nozzle 56 is placed on the line
extending from the cutting blade 52 for directing the flushing of
working liquid to the place at which the cutting blade 52 is put
in contact with the semiconductor wafer “W”, and a high-pressure
air ejecting means 57 is placed behind the cutting liquid nozzle
56. |

In cutting the semiconductor wafer ”W” with the so constructed
cutting meahs 51 the cutting liquid nozzle 56 starts the flushing
of cutting liquid such as water, and at the same time, the chuck
table 58 carrying a semiconductor wafer is moved in the X—direction,
thereby permitting rotating of the cutting blade 52 to cut the
semiconductor wafer along a selected line in the lattice pattern.

As seen from fig.ll, the cutting liquid is ejected from the
cutting liquid nozzles 55a and 55b to the place at which the cutting
blade 52 is put in contact with the semiconductor wafer "W", and
also the cutting liquid is ejected from the nozzle 56 to the same
contacting place. The ejected water is converged to the wafer-
and-blade contacting place under the influence caused by air-
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is expedited by the ejecting air, still increasing the cooling
effect by depriving the wafer-and-blade interface of heat.

Such amplified cooling effect is found to be most effective
in preventing appearance of cracks or chippings 'in dicing a
semiconductorhwafer, and improving the machining-precision and
accordingly the quality of resultant chips.

Figs.12 and 13 show amodification of cuttingmeans. As shown,
two cutting liquid nozzles 60a and 60b are arranged at equal
distance from the opposite sides of the cutting blade 59, and two
gas ejecting nozzles 6la and 61b are arranged at equal distance
from the cutting liquid nozzles 60a and 60b. Each gas ejecting
nozzle 6la or 61b has numerous air ports (not shown) made therein.

In operation air is ejected from the gas ejecting nozzles
6la and 61lb while water is being supplied to the cutting liquid
nozzles 60a and 60b, and then, the working liquid is made to
converge toward either side of the wafer-and-blade place. Thus,
the working liquid is made to invade the wafer-and-blade interface
even more forcedly than the cutting means of Fig.ll, and
accordingly the cooling effect can be increased still more. This
contributes to further improvement in machining precision and the
quality of chips.

A machining apparatus according to the present invention is
described above as grinding and dicing apparatuses, but it is
apparent to those skilled in the art that the present invention
can be equally app'i'ied to machining apparatuses other than these
embodiments, as for instance follows: a shaft grinder for grinding
the surface of cylindrical iron rods; a planer for machining stone,
glass or metal objects; a cutter for cutting different hard
materials; a semiconductor ingot cutter for slicing semiconductor

ingots, and the like.

_12_
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preferred Excdmopll e niof oﬁor]himg)rttsems i ttvebei wigedihinh sach shaghinbng5b

accorrpanylpri) rda{é"&’“sé‘é‘ are wheels og' vSeCJ:RJJ.zI'Dér %t%i:aﬁngDnﬁéx\!-ala e diamond,
and of agglomeration of CBN, carborundum, alundum particles and
other abrasive grains, all solidified by using vitrified bond,

5 metal bond, resinoid bond or by electroly‘f:ic deposition or electro

forming.

If the machining apparatus is installed in a closed space
such as a clean room, preferably air is used as ejecting gas; an
inert gas if uséd, may cause an adverse effect on operators’

10 breathing.

The machining method and apparatus according to the present
invention has following advantages:
the forced invasion of air into the wafer-and-whetstone interface
has the effect of permitting the working liquid to be supplied to

15 the interface at an increased efficiency, and of expedi'ting the
vaporization of working liquid to deprive the interface of';.heat,
thus amplifying the cooling effect;
the feeding quantity of working liquid can be decreased to 20
percent of usual or less, still assuring the comparable machining

20 quality. The workpiece can be ground to a minimum possible
thickness as could not have been ever attained, that is, 2004
m or below. Mirror-like polishing can be attained, also.
Friction between the workpiece and the whetstone is reduced, and
accordingly the wearing of the whetstone is reduced, resulting in

25 elongation of life of the whetstone;

In dicing a semiconductor wafer the improved cooling effect caused
by the forced invasion of air into the wafer-and-whetstone
interface eliminates effectively cracks or chippings which
otherwise, would al;pear on the opposite sides of a selected cutting

30 line in the lattice of the semiconductor wafer, thus providing
chips of high guality; and -

In all machining apparatuses of the type supplying a workingl liquid
to themachining tool the working liquid can be substantially saved,
thereby solving the environmental problem and the economical

_13_



Fig. 1 is aperspective view of a machining apparatus according to a
first enbodi nent of the present invention, which is given in 30 the form

of grindirng appar at us; Fig.2 illustrates the grinding neans, the
chuck tabl e and the gas ejecting neans of the grinding apparatus of
Fig. 1, Fig.3 shows different nodes of gas ejecting neans;

Hg.41is Srggrignals%&f{:] 3283%1?;, nsaéﬁfagsssulrrir}ghetﬂarl{:nqghneg products of

comparable or even higher quality are provided.

10
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20
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- 5- appar at us of F Fig. S5 illustrates a grinding wheel

to be used in the grin(gl eetH“SBL aé;agcaﬁ Fig.6 illustrates how a
sem conductor wafer is exposed to the flushing of water and

ej ection of gas; enl arged view of the Eﬁrtion

irggirggfaﬁ?a?%/og glh(r)\?ml (ra]g howAt Ihg \lillegr of whet ﬂmm“[lﬁl“ﬂ I‘
of sem c@HAT!DS CIATMEDO IS

‘IH t he nunber

1. A machining apparatus comprising: holding means for holding

a workpiece to be machined; machining means having a working tool

5 put in contact with the workpiece held by the holding means for
effecting a required machining; working liquid supplying means for
directing a working liquid to the place at which the working tool

is put in contact with the workpiece; and gas ejecting means for
éjecting a gas toward the workpiece in such a way that the working

10 liquid may forcedly invade into the working tool-and-workpiece

contacting area.

2. A machining apparatus according to claim 1 wherein the
working tool comprises an agglomeration of abrasive grain.

15 ' o
3. A machining apparatus according to claim 2 wherein the
agglomeration of abrasive grain functions as a grinding whetstone,

and the machining means is a grinding means.

20 4. C A machining apparatus according to claim 3 wherein the
holding means is a chuck table; the workpiece is a semiconductor
wafer; the working liquid is water; and the gas ejected from the

gas ejecting means is air.

25 5. A machining apparatus according to claim 2 wherein the
holding means is a chuck table; the agglomeration of abrasive grain
functions as a cutting blade; and the machining means is a cutting

means.

30 6. A machining apparatus according to claim 5 wherein the
workpiece is a semiconductor wafer; the working liquid is water;

and the gas ejected from the gas ejecting means is air.

7. A machining method in which a required machining is effected

_15..



10 ground; Fig.9 is a graphic representation P
spi ndl e | oad current varies with the nunber of ﬂ t“ imu ers to

be gr ound; Fig. 10 shows a machi ni ng a ascording to a

second 15 enbodi ment of the present invention, which is given in the form
of dicing apparat us; Fig.11 illustrates a first exanple of

wat er -fl ushi ng and gas-ejecting structure, show ng _the manner in_which

a semamadierispieaedo be mrekineding helddagdthe WHII%Wﬁ(}lbhOMLag
vater 11 ooy 208 DY BasEing aporkidd Soph b i d R0 Rl WP ERREeRpen

a’ comprising the step of directing a working liquid to the place at

which the working tool is put in contact with the workpiece, and

5 simultaneously eje;:.ting a gas toward the workpiece in such a way

that the working 'i“iquid may forcedly invade into the working

tool-and-workpiece contacting area.

8. A machining method according to claim 7 wherein an

10 agglomeration of abrasive grain is used as the working tool.

9. A machining method according to claim 8 wherein the
agglomeration of abrasive grain is used as a whetstone, and the
required machining is to grind the workpiece.

15
10. A machining method according to claim 9 wherein the holding

means is a chuck table; the workpiece is a semiconductor wafer;
the working liquid is water; the gas ejected from the gas ejecting
means is air; and the grinding is to grind the surface of the

20 semiconductor wafer.

11. A machining method according to claim 8 wherein the holding
means is a chuck table; the agglomeration of abrasive grain is used
as a cutting blade; and the required machining is to cut the

25 workpiece.

12. A machining method according to claim 11 wherein the
workpiece is a semiconductor wafer; the working liquid is water;
the gas ejected from the gas ejecting means is air; and the cutting

30 is to dice the semiconductor wafer.

This Sheet Has Been Replaced

A
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sem conductor wafer is diced while exposed to the flushing of water and

ej ection of gas; 25 Fig. 13 illustrates the second exanpl e of
wat er - f | ushi ng and gas-ejecting structure, showi ng the grinding
operation as viewed froman angle different fromFig.12;

Fig.14 is a perspective view of a conventional dicing appar atus; 30
Fig.15 is a plane view of a franmed sem conductor wafer; Fig. 16
i1 lustrat ABSTRROYCOF A'EE DISOIQSWRENS in the dicing apparatus; and
Fig. 17 illustrates the water-flushing and cutting structure, show ng

the manner in which a sem conductor wafer is diced while
Disclosed are improved apparatus and method for effecting

a required machining on workpieces with working liquid flushing
5 to the tool-and-workpiece contacting place. Gas such as air is

ejected to the tool-and-workpiece contacting place, thereby making

the working liquid to forcedly invade into the tool-and-workpiece

interface. Thus, cooling effect is enhanced to maximum while

saving the quantity of working liquid, still assuring that the
10 products of comparable or even higher quality are provided.

15
20

25
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< 6- exposed to the flushing of water. DESCRI PTI ON OF THE PREFERRED
EVMBODI MVENTS Fig.1l shows a grinding apparatus 30 according to a
first enbodi ment of the present invention. Referring to Fig.1l the

438
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5 manner in which a sem conductor wafer "W can be ground while being
exposed to the flushing of water and ejection of air is described

bel ow. A sel ected sem conductor wafer to be ground is transferred
froma first cassette 37b to a first centering table 37d by a first 10
transporting neans 37c. Then, the sem conductor wafer is transferred
fromthe centering table 37d to a selected chuck table 33, which is on
a turntable 32, and happens to be in the vicinity of the centering
tabl e 37d, by a second transporting nmeans 35b. The chuck table 33 wll
be brought and put just below a grinding 15 neans 34b by rotating the
turntable 32. When the turntable 32 rotates, the grinding whetstone of
a first grinding neans 34b whil e rotating is lowered until the grinding

whet stone i s pushed agai nst

Working liquid
-

342a(34b)

\

41

14 12 ¢
S 43
w
- *%%aszgﬂ 44
48
—~ 10
= 5
= S~ Air
13
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t he sem conductor wafer. Thus, the coarse grinding is effected on the
sem conduct or wafer. 20 Further turning of the turntable 32 brings

t he sem conduct or wafer to a second grinding neans 34a, and the
grindi ng whet st one of the grinding neans 34a is rotated and | owered
until 1t is pushed agai nst the sem conductor wafer. Thus, the fine
grinding such as nirror-li!E L(Bisgszg is effected on the sem conductor
waf er. 25 The chuck tabl e 3 eary t he ground sem conduct or wafer
is brought to the vicinity of a tentative storage station 36a. Then,

by a second transporting neans 35a the 4@hi conductor wafer is put on
the tentative storage station 3ﬁp for hing. After being washed
there, the sem conductor wafs s broug to aBAg&cond 30 centering table
37e, and finally it is tﬁ2f1 por t 8gZARTE 0

This Sheet Has Been Replaced
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cassette 37a.

As seen fromFig.1l, a wall 38 rises fromthe rear
si de of the working table 31. The wall 38 has two pairs of parallel
rails 39 extending vertically thereon, and each pair of rails 39 has a

20
Co 24
AY l 3 -
' Control — = Stepplng. P
motor drive | 1 o
N >
39~E
- =
l LA T 22
34 = 25
h H P
23
| | g
B
42 ]]_ L]
12 [T =
33 N :
3 =i ‘43 P—-_3a3
26 32 =T
( ™0
\.- - Il ll;
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Servo-drive 27
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slider 40 novably fixed thereon. Each slider 40 carries the first or

second grinding neans 34a or 34b. Each slider 40 is driven by a drive
bl ock (described later) positioned on the rear side of the wal | 38,
which is connected to one of two stepping notors 21 5 respectively.

As seen fromFig.2, a spindle housing 41 has a spindle 42 rotatably
fixed at its center, nﬁ he [Rpi ndl e 42 has a di sc nount 43 on its
bottom end. The di sc Inp «43Jhas a grindi ng wheel 44 fixed to its
bottom As seen fromFig. 6, the spindle 42 has channel 10 45 formed for
working liquid to flow _This channel 45 extends radially to nozzle
apertures 47 made on th@Ebircuqigmynce of the gri ndi ng wheel 44 via

di verged ways 46 forpee he di sc nmoudid

; 34
i )/
42~-li
- | 45
A ~46(3 46 43
5 =
W 3 ! 44
//c":lj
BN
48 LINT 15
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43. Ginding whetstones 48 are fixed to the grinding wheel 44 out si de
of the nozzle apertures 47, to be used as working tool. 15 Gas

ej ecting nmeans 10 rises fromthe working table 31 with its nozzle |
directed toward the chuck table 33. Asshowni nFig. 2, the gas ejecting
means 10 is supplied wth air at an increased pressure from an

associ ated gas supply 13. Thus, a stream of hi gh-pressure air 14 is
ejected fromthe nozzle 12. As shown _in 20 Fig.3(A), the gas ejecting
means 10 may be so designed that a n 11 having a single outlet 12

may be rotated and noved up and down, ej &ting gas fromthe outlet 12;
in Fig.3(B), a nozzle 11 having a plurality of outlets 12 made in its
di ver gent h‘gad may be rotated and noved up and down, ejecting gas from
the outlets 12; o5 ln.25 Fig 3(C) a nozzle 11 having a single horizontal
slit 12 madf in

-
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its divergent head may be rotated and noved up and down, ejecting gas

fromthe horizontal slit 12. As shown in Fig.4, the sem conductor
gri ndi ng apparatus has a control 20 for controlling up-and-down
nmovenent of grinding neans 30 34, rotation of the spindle 42 and rotation
of the chuck table 33. The stepping notor 21 on the rear side of
the wall 38 is connecEe! Go assom ated notor drive 24. The stepping
not or 21 has a drive *23'tMreadedly engaged with its threaded
shaft 22. The drive block 23 i onnected to the slider 40 on the front
51
[l!!" )/

|54

56
57__W

1 TiR
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side of the wall 38. The control 20 permits driving of the stepping

notor 21 via the associated notor drive 24, thereby noving the slider
40 up and down along the guide rails 39, and hence novi ng t he grinding
means 34 up and down on the front side of the wall 5 38. A linear

scal e 25 extends vertically on the rear side of the wall 38 to
determ ne the vertical |ocation ofque(fri1e bl ock 23

3

I~ 59
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for informng the control 20 of the instantaneous position of the drive
bl ock 23. This arrangenent permts the control 20 to effect 10 a precision

control on the up-and-down novenent of the grinding nmeans 34.

The chuck table 33 is equipped wi th an encoder 27 and a servonot or 28,
and the control ed to the encoder 27 and the servonotor 28
of the chuck tabl§:4§(§ ervo-driver 26 15 for controlling rotation of
the chuck table 3 In grinding a sem conductor wafer "W, which

is firmy held on the_chuck table 33, the chuck table 33 is rotated,

and at the same time, %he s indle 42 is rotated and the grinding neans
34 is Iomered he rlp tatlng gri ndi ng whet stone 48 agai nst the 20
sem conduct or t he sem conductor wafer "W is

W g

FIG. 16

ooooo
- 0000000oon
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subj ected tojgrifding. "Af the same time the water as working ﬁé?dfé“"} |é
allowed to flushztpttheipgfer W fromthe apertures 47 by t hrust 'r{-'ﬁgf%
water 15 in the water channeg 45 and t he diverged ways 46. 25 Y ﬂ'As
best seen from-Fig-5--the—-grinding whepl, 44 has a plurality of

wat er-ejecting apertures 47 nmade at regular intervals circunferentially

on its circuhppaiasEsr RNDAMETAOD WGR i MACHINING GORKRIRCEH cBYt SRISHING
e

encircling t ter- ' | [
o the top SWORKGNG Hel GUERATRg e 00k Hyp-wORKPTeEe™ Tntlince | © 7 =

Fig.6, in grinding sem conductor wafers by the I ndi

! _ gri ndi ng apparatus 30
each sem conductor wafer "W is put on th i
be firmy fi RASRERAID QR cRHE ION e respective chuck table 33 to

5 1. Field of the Invention:
The present invention relates to a machining method in which
a required machining is effected on a workpiece by holding the
workpiece firmly with the aid of holding means and by putting a
working tool in contact with the workpiece thus firmly held. Also,
10 the present invention relaf:es to a machining apparatus using such
a machining method.
2. Description of Related Art
In a variety of such machining apparatuses a working or
machining liquid is directed to the place at which the working tool
15 is put in contact with the workpiece, thereby cooling the working
tool-and-workpiece contacting area to improve the machining
precision and the quality of the finished products.
Fig.l4 shows one example of such a machining apparatus. It
is a dicing apparatus 50 for dicing semiconductor wafers "W”. As
20 seen from Fig.15, a semiconductor wafer "W” is held in a frame "F”
with the aid of holding tape "T”, and a plurality of so framed
semiconductor wafers are contained in a cassette 71.
Each semiconductor wafer ”W” has lateral and longitudinal
linear passage ”S” forming a lattice pattern to define a plurality
25 of rectangular areas, each havinga circuit pattern formed thereon.
The semiconductor wafers "W” are transferred from the
cassette 71 to a tentative storage place 73 one after another by
transporting means 72. Another transporting means 74 sucks a
selected framed semiconductor wafer "W” by applying a negative
30 pressure thereto, "and then it turns to bring the framed
semiconductor wafer "W” from the tentative storage place 73 to a
chuck table 58, putting the framed semiconductor wafer "W” thereon.
Then, the framed semiconductor wafer "W” is sucked and held there

with a negative pressure applied thereto. REPLACEMENT SHEETS
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the chuck table 33 is rotated, and the spindlék42 aﬁaJhéhéétﬁhé

-9-

the grinding neans 34 until the grinding mhetstpnes 4

10

15

20

25

30

grinding wheel 44 is rotated while pe.rnhtt@%rg 13J3e descendl ng of

are pushed

—n

;-.._ e rmmas e

Then, the chuck table 58 is moVéa”iﬁ'thé"x-direcﬁion to put
the framed semiconductor wafer “W” just below an alignment unit
75 for detecting each of the lateral and longitudinal linear
passage "S”, which are to be cut according to the pattern matching
process. The chuck table 58 is moved forward again in the X-
direction to a cutting station, in which a cutter unit 77 cuts the
semiconductor wafer “W” along each and every linear passage "S”
with its cutting blade 76 while being supplied with a cutting
liquid as a working liquid. Thus, the semiconductor wafer "W” is
diced by cutting the lateral and longitudinal linear passage one
by one and separated into a plurality of chips.

Referring to Fig.16, the cutter unit 77 has its cutting blade
76 covered with a blade cover 78. The cutting blade 76 has
agglomeration of abrasive grain on its circumference 79 formed with
pulverized diamond et al by electro forming. -Also, the cutter unit
77 has a spindle 81 rotatably supported in a spindle housing 80
and a pair of nozzles 82a and 82b to sandwich the cutting blade
76 therebetween, as shown in Fig.17. The cuttingblade 76 is fixed
to the end of the spindle 81. The nozzles 82a and 82b direct the
working liquid to the opposite sides of the cutting blade 76 at
the rate of about two liters per minute for cooling the
semiconductor wafer "W”.

Even though the whole surface of the semiconductor wafer "W~
has been wet with the working liquid, and in spite of the continuous
supplying of the working liquid to the blade-and-wafer contacting
place the semiconductor wafer "W” cannot be cooled well. As a
result it is likely to cause cracks or chippings at the edges of
the chips made by dicing, thus deteriorating the quality of the
finished chips and lowering the machining precision.

Also disadvantageously, a lot of working liquid must be
supplied to wash debris away from the cutting area. Disposal of
the so contaminated liquid waste despoils the environment.

Lest an insufficient amount of working liquid should be

supplied to the wafer-and-blade contacting place an excessive



agai nst the senn conduct ar. V\I,af er "W Wi th an appropriate strength of

pressure. Al of | 't hege’ Sk ton} |l ed by the control 20. 5 Distilled
wat er i.s suppl |ued to the water:! ﬁannel 45 at the rate of 0.4 liters per
mnute for flughing fromthe apettureg__—_dj of the grinding wheel 44 via
di verged ways 46._to a sel.ected-—! sem conductor wafer "W, At the

same]c ti metﬁ g&sumtls oétqutkmig tlaq]utné , gdsLcly ks Mmuch merathan neﬁdetdo b ddablige
gas rom e NnNQzz e pr I

2t the rate B9 af | AR il 50 AR HiP aual ify o kinBoBLATHIRG o0
in place of dli§till@di water . 1sA| usedhy and the vaHEtEosd dfy sucdr mangaxpefsive

| & 20 S LA Eod P dfSihyapeaile e HUF AL betddarphiead
wor ki ng Isi quiflew.

Not only the semiconductor wafer dicing apparatus but also
any other machining apparatuses using a working 1liquid
continuously flushing to the workpiece-and-blade contacting place
have the above described problems in common. Thus, there has been

10 an increasing demand for saving the working liquid without lowering

the machining precision and the quality of finished products.

SUMMARY OF THE INVENTION
To meet such a demand a machining apparatus according to the
15 present invention comprises: holding means for holding a workpiece
‘to be machined; machining means having a working tool put in contact
with the workpiece held by the holding means for effecting a
required machining; working liquid supplying means for directing
a working liquid to the place at which the working tool is put in
20 contact with the workpiece; and gas ejecting means for ejecting
a gas toward the workpiece in such a way that the working liquid
may forcedly invade into the working tool-and-workpiece contacting
area.
The working tool may comprise an agglomeration of abrasive
25 grain, and the agglomeration of abrasive grain may function as a
whetstone. The holding means may be a chuck table. The required
machining may be to grind a workpiece. The workpiece may be a
semiconductor wafer. The working liquid may be water, and the gas
ejected from the gés ejecting means may be air.
30 The agglomeration of abrasive grain may be a cutting blade,
and then the machining means may be a cutting means.
A machining method in which a required machining is effected
on a workpiece by holding the workpiece with holding means and by

putting a working tool in contact with the workpiece thus held,



15 is made tlo-fl ow at. .an: C'r“ ased speed to invade forcedly into t he
sem conduct dr- ‘and- whet st one icant act | ng pl ace, thereby expediting the
cool i ng of the seri Gondewtt orl ilafer "W. The cooling effect can be
anplified by vapori zation of' rking |l#4guid, 20 thereby depriving the
sem conductor bf -heat ~Tor “vapori zat i on. Thus, face burn of the

sem conduct ok .C ‘@Stqq. V€8 th b é‘ﬁf‘ Tdiﬁéd/ﬂlrdﬁl g dH Kty
to flush at (5; r%ﬁ%& vetlrleat ng rta ee E Q exlarTBI e at tﬂe rﬁuedo?é% 4
&

liters per nildguéd is dfmgmredrm@t sher E‘e@ﬁFQ @tr whdghethe arkigyp tool is put
sem conduct oy BV\%é\ﬁ?tchL%hzéhe g{o%BQe%t hold sPRhDEaesRIBH abyad 3GCe Pakkted

when air was accor fo the present i nventi'on whereas the
gri ndi ng was tbwaurd the wopbpsebeeln nsuche &o@sdhat §henwPrkipgeligedfdnay

Sﬁg‘pf?ggg{ O{f pEce edly inPRq8' £ PL Yk D9 IBS i 8501 VN8 rkpiEEE 8YSEabEing

area.
An agglomeration of abrasive grain may be used as a working

tool. Then, the agglomeration of abrasive grain may be used as
a whetstohe, and a required machining may be to grind the workpiece.
10 The holding means may be a chuck table, and the workpiece
may be a semiconductor wafer. The working liquid may be water,
and the gas ejected from the gas ejecting means may be air. And
the grinding may be to grind the surface of a semiconductor wafer.
The abrasive grain may be a cutting blade and the required machining
15 may be to cut the workpiece, or more specifically dice a
semiconductor wafer. '

The ejection of air has the effect of pushing the working
liquid forcedly into the working tool-and-workpiece contacting
area, thereby permitting the working liquid to invade effectively

20 into the working tool-and-workpiece contacting area at an
increased efficiency.

Other objects and advantages of the present invention will
be better understood from the following description of preferred
embodiments of the present invention, which are shown in

25 accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig.lis a_tpers_pective view of amachining apparatus according

to a first embodiment of the present invention, which is given in
30 the form of grinding apparatus;
Fig.2 illustrates the grinding means, the chuck table and
the gas ejecting means of the grinding apparatus of Fig.l;
Fig.3 shows different modes of gas ejecting means;

Fig.4 is a general arrangement of main parts in the grinding



rate of 2 liters per m nute when no air-blowng is used. 30 The

forced invasion of air and water into the wafer-and- whet st one
contacting place has the effects of: preventing appear ance of cracks or
distortions in the ground sem conduct or-5- wafer; making it possible to

acconplish the mrror-like grinding of sem conductor wafer; and
permtting tagpagm';agndﬁcrgg.mf er to

Fig.5 illustrates a grinding wheel to be used in the grinding
apparatus;

Fig.6 illustrates how a semiéonductor wafer is ground while

5 exposed to the flushing of water.and ejection of gas;

Fig.7 is an enlarged view of the portion indicated by a circle
A in Fig.6;

Fig.8 is a graphic representation showing how the wear of
whetstone varies with the number of semiconductor wafers to be

10 ground;

Fig.9 is a graphic representation showing how the spindle
load current varies with the number of semiconductor wafers to be
ground;

Fig.1l0 shows a machining apparatus according to a second

15 embodiment of the present invention, which is given in the form
of dicing apparatus;

Fig.1ll illustrates a first example of water-flushing and
gas-ejecting structure, showing the manner in which a
semiconductor wafer is diced while exposed to the flushing of water

20 and ejection of gas;

Fig.12 illustrates a second example of water-flushing and
gas-ejecting structure, showing the manner in which a
semiconductor wafer is diced while exposed to the flushing of water
and ejection of gas; ' A

25 Fig.13 illustrates the second example of water-flushing and
gas—ejecting structure, showing the grinding operation as viewed
from an angle different from Fig.12;

Fig.l4 is a___perspective view of a conventional dicing
apparatus; '

30 Fig.15 is a plane view of a framed semiconductor wafer;

Fig.16 illustrates a conventional cutting means in the dicing
apparatus; and

Fig.17 illustrates the water-flushing and cutting structure,

showing the manner -in which a semiconductor wafer is diced while




-10- be grounded to be thin 200 [err]mor below w thout |owering the
rotating speed of the spindle 42. Al so advant ageously, the
whet stone 48 can have an el ongat ed |ife because of | east wearing,
which is caused by forced invasion 5 .ef air and water into the

waf er - and- whet st one contacting pl ace. Fig.8 shows the wearing of

whet st one 48 %%ngat gs }Qg éf{?&%g’ild’f waa-.eras I n the conventional grinding

met hod using I'ng vva the wearing of whetstone 48 when
using air ej BESMMQN)V@FCH‘HE PREFERRE ENBRREMBENEScont acti ng pl ace

according to the PES?anhétgs é”éjﬁﬂﬁaﬁ?«; apparatus 30 according to a first

embodiment of the present invention. Referring to Fig.l the
5 manner in which a semiconductor wafer "W” can be ground while being
exposed to the flushing of water and ejection of air is described
below.
A selected semiconductor wafer to be ground is transferred
from a first cassette 37b to a first centering table 37d by a first
10 transporting means 37c. Then, the semiconductor wafer is
transferred from the centering table 37d to a selected chuck table
33, which is on a turntable 32, and happens to be in the vicinity
of the centering table 37d, by a second transporting means 35b.
The chuck table 33 will be brought and put just below a grinding
15 .means 34b by rotating the turntable 32. When the turntable 32
rotates, the grinding whetstone of a £irst grinding means 34bwhile
rotating is lowered until the grinding whetstone is pushed against
the semiconductor wafer. Thus, the coarse grinding is effected
on the semiconductor wafer.
20 Further turning of the turntable 32 brings the semiconductor
~ wafer to a second grinding means 34a, and the grinding whetstone
of the grinding means 34a is rotated and lowered until it is pushed
against the semiconductor wafer. Thus, the fine grinding such as
mirror-like finishing is effected on the semiconductor wafer.
25 The chuck table 33 bearing the ground semiconductor wafer
is brought to the vicinity of a tentative storage station 36a. Then,
by a second transporting means 35a the semiconductor wafer is put
on the tentative storage station 36a for washing. After being
washed there, theasemiconductor wafer is brought to a second
30 centering table 37e, and finally it is transported into a second
cassette 37a.
As seen from Fig.l, a wall 38 rises from the rear side of
the working table 31. The wall 38 has two pairs of parallel rails
39 extending vertic¢ally thereon, and each pair of rails 39 has a




As seen fromthe graphic representation, in either case the wear i ng of

whet stone (ordinates) is likely to increase linearly with the nunber of
sem conductor wafers (abscissa). The gradient of the wearing curve in
case of using air-blowing is 0.69 whereas 15 the gradient of the wearing
cgrve I n case of using no air-blow ng Is 1.0034. The wearing is reduced
about 30 percgnt | ' LAY ¥S roe i €3
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el ectric curwealil t38,t iwhiuit as faonmdteidid-o one ef skwadseepiing froters 21
I nvasi on g)f \Q-%rslfaierc]:%i\\’\r%t.l.%r. into the
As seen from Fig.2, a spindle housing 41 has a spindle 42
rotatably fixed at its center, and the spindle 42 has a disc mount
43 on its bottom end. The disc mount 43 has a grinding wheel 44
fixed to its bottom. As seen from Fig.6, the spindle 42 has channel
10 45 formed for working liquid to flow. This channel 45 extends
radially to nozzle apertures 47 made on the circumference of the
grinding wheel 44 via diverged ways 46 formed in the disc mount
43. Grinding whetstones 48 are fixed to the grinding wheel 44
outside of the nozzle apertures 47, to be used as working tool.
15 Gas ejecting means 10 rises from the working table 31 with
its nozzle 11 directed toward the chuck table 33. As shown inFig.2,
the gas ejecting means 10 is supplied with air at an increased
pressure from an associated gas supply 13. Thus, a stream of
high-pressure air 14 is ejected from the nozzle 12. As shown in
20 Fig.3(A), the gas ejectingmeans 10 may be so designed that a nozzle
11 having a single outlet 12 may be rotated and moved up and down,
ejecting gas from the outlet 12; in Fig.3(B), a nozzle 11 having
a plurality of outlets 12 made in its divergent head may be rotated
and moved up and down, ejecting gas from the outlets 12; or in
25 Fig.3(C), a nozzle 11 having a single horizontal slit 12 made in
its divergent head may be rotated and moved up and down, ejecting
gas from the horizontal slit 12.
As shown in Fig.4, the semiconductor grinding apparatus has
a control 20 for cor;frolling up-and-down movement of grinding means
30 34, rotation of the spindle 42 and rotation of the chuck table 33.
The stepping motor 21 on the rear side of the wall 38 is
connected to an associated motor drive 24. The stepping motor 21
has a drive block 23 threadedly engaged with its threaded shaft

22. The drive block 23 is connected.to.the-slider-40-on the front




waf er - and- whet st one contacting place has the effect of keeping the 25
friction at the contacting place at a relatively snmall value. This was
realized fromthe experinent results, which reveal that a m ni num
quantity of additional electric currentgis required, as seen from
Fig.9. The graphic representation of the nunber of wafers to be ground

(absci ssa) rghagl JELh8 qs“t?dl “ﬂh‘é’@énﬁlﬁcﬁblﬁérﬁﬁtscdﬁi W{géﬁkﬁ@%@ﬁlng

shows f[hat ItIO ectric current can be reduced
appr oxi mat el mobpr02? wipethe agsomkatehmesoraffivRerd, therghemaving fiden
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of evenwear i nggfq?%kwﬂ oagiglgl nt hﬁ:%@seof g‘alhlggl rails 'I;hg' and hen%%lnﬁvolr?
el ectric curthet grendn.ng meANs aik iupl Rpdsdaih eon the front side of the wall

5 38.
A linear scale 25 extends vertically on the rear side of the

wall 38 to determine the vertical location of the drive block 23
for informing the control 20 of the instantaneous position of the
drive block 23. This arrangement permits the control 20 to effect

10 a precision control on the up—and-down movement of the grinding
means 34.

| The chuck table 33 is equipped with an encoder 27 and a
servomotor 28, and the control 20 is connected to the encoder 27
and the servomotor 28 of the chuck table 33 via a servo-driver 26

15 for controlling rotation of the chuck table 33. '.

In grinding a semiconductor wafer "W”, which is firmly held
on the chuck table 33, the chuck table 33 is rotated, and at the
same time, the spindle 42 is rotated and the grinding means 34 is
lowered to push the rotating grinding whetstone 48 against the

20 semiconductor wafer "W”. Thus, the semiconductor wafer "W” is
subjected to grinding. At the same time the water as working liquid
is allowed to flush to the wafer ”"W” from the apertures 47 by
thrusting water 15 in the water channel 45 and the diverged ways
46. '

25 As best seen from Fig.5, the grinding wheel 44 has a plurality
of water-ejecting apertures 47 made at regular intervals
circumferentially on its circular base 44a, and a plurality of
grinding whetstones 48 encircling the water-ejecting apertures 47.
The disc mount 43 :Ls bolted to the top side of the grinding wheel

30 44.

As best seen from Fig.6, in grinding semiconductor wafers
by the grinding apparatus 30 each semiconductor wafer "W” is put
on the respective chuck table 33 to be firmly fixed thereon. Then,
the chuck table 33-is rotated, and the sp:.ndle 42 and hence the




Now, a dicing apparatus according to the second enbodi nent of the
present invention, and the manner in which sem conductor wafers are
subjected to dicing in the dicing apparatus are descri bed bel ow. The
di ci ng apparatus according to the presegt 5 inventionis different from

t he conventional dicing apparatus 50
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grinding wheel 44 is rotated while permitting the descending of
the grinding means 34 until the grinding whetstones 48 are pushed
against the semiconductor wafer "W” with an appropriate strength
of pressure. All of these are controlled by the control 20.

Distilled water is supplied to the water channel 45 at the
rate of 0.4 liters per minute for flushing from the apertures 47
of the grinding wheel 44 via diverged ways 46 to a selected
semiconductor wafer "W”.

At the same time a gas is supplied to the gas ejecting means
10 to eject the gas from the nozzle 12 preferably at the pressure
of 3 to 5 atmospheres at the rate of 5 to 20 liters per minute.
Lubricating oil may be used in place of distilled water. Air may
be replaced by inert gas. A liquid—-and-gas mixture may be used,
and then, the liquid will spread like mist.

As shown in Fig.7, thanks to the ejected air the working liquid
15 is made to flow at an increased speed to invade forcedly into
the semiconductor-and-whetstone contacting place, thereby
expediting the cooling of the semiconductor wafer."W". The
cooling effect can be amplified by vaporization of working liquid,
thereby depriving the semiconductor of heat for wvaporization.

Thus, face burn of the semiconductor can be prevented even
though the working liquid is made to flush at a relatively small
rate, for example at the rate of 0.4 liters per minute.
Experimental results revealed that: 300 semiconductor wafers were
ground without being damaged by face burn when air was blowing
according to the present invention whereas the grinding was found
impossible in the course of grinding the second semiconductor when
no air-blowing.was.used. Working liquid must be supplied at the
rate of 2 liters éer minute when no air-blowing is used.

The forced invasion of air and water into the wafer-and-
whetstone contacting place has the effects of: preventing
appearance of cracks or distortions in the ground semiconductor
wafer; making it possible to accomplish the mirror-like grinding
of semiconductor wdfer; and permitting the semiconductor wafer to

- —




as shown in Fig.14 only in dicing structure, and therefore, the ot her

parts other than the dicing structure are indicated by sane ref erence
nuneral s as used in describing the conventional dicing apparatus, and
descriptions of same parts are omtted.-100 As seen fromFig.10, the

cutting neans 51 has a cutting bl ade 52 covered wth a bl ade cover 53.

Th tti |

ci'rcunt er onc S FTPARSEE e pr 1AMROTERRL BR18Y ANAY: follAdh le rtating
form ng. Al sospéédt dof aftee aspvigrdle 42.53 has cutting liquid nozzles 55a and
55b d at | dist 15 . f tg d f th tt

b ade 52 Lo be usdirs AT ARGRge0us Ly e BeRBrS PR Thatehats Lbonsahed

Fig. 11. life b@a:amw Berleast wegrh.nngdmm:zi!secéi&ddsbplmﬁsbd)linbbglbhne
ext endi ng fron%the cut bl ade 52hfor di recting the flushing of
5 of air an er into the wafer—and-wlietstone contacting place.

Fig.8 shows the wearing of whetstone 48 without using forced air

as in the conventional grinding method using cooling water only,

and the wearing of whetstone 48 when using air ejection 14 toward

wafer-and~whetstone contacting place according to the present
10 invention.

As seen from the graphic representation, in either case the
wearing of whetstone (ordinates) is likely to increase linearly
with the number of semiconductor wafers (abscissa). The gradient
of the wearing curve in case of using air-blowing is 0.69 whereas

15 the gradient of the wearing curve in case of using no air-blowing
is 1.0034. The wearing is reduced about 30 percent by using
air-blowing. Stated otherwise, the life of the grinding whetstone
is extended 30 percent.

To prevent the rotating speed of the spindle 42 from

20 descending by the occasional increase of friction between the
grinding whetstone 48 and the semiconductor wafer "W” it is usually
necessary to increase the electric current to the motor for driving
the spindle. The forced invasion of working water into the
wafer—-and-whetstone contacting place has the effect of keeping the

25 friction at the contactingplace at a relatively small value. This
was realized from the experiment results, which reveal that a
minimum quantity of additional electric current is required, as
seén from Fig.9. The graphic representation of the number of
wafers to be ground- (abscissa) relative to the additional electric

30 current (ordinates) shows that: the additional electric current
can be reduced approximately by 0.7 amperes in mean value; and there
appears no sudden rise in the additional electric current because
of even wearing of the whetstone 48 in the course of grinding. Thus,
additional electric current remains substantially stable.




working liquid to the place at which the cutting blade 52 is put 20 in

contact with the sem conductor wafer "W, and a high-pressure air
ej ecting nmeans 57 is placed behind the cutting |iquid nozzle 56.
In cutting the semi conductor wafer "W Mmith the so constructed cutting

means 51 the cutting liquid nozzle 56 starts the f|UShI ng 25 of cutting
| i quid such as wat at, the sane_tine table 5 arrying
. dom conductor i i GEVEH FRPLTRESE Ranariag Eo the medmd sBbeRireRS

rotati ng of td® tHE ipregentadavértion £uind e manﬁéﬂ‘l mrud«.wrorsemaﬁ:@hdabeag a
selected line |%pthelatti fromF| .11, the
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sem condug ' Orlr\xl\\l?efnetrl(;n is gz.gferent from the conventional dicing apparatus 50
as shown in Fig.14 only in dicing structure, and therefore, the
other parts other than the dicing structure are indicated by same
reference numerals as used in describing the conventional dicing
apparatus, and descriptions of same parts are omitted.

10 As seen from Fig.10, the cutting means 51 has a cutting blade
52 covered with a blade cover 53. The cutting blade 52 has
agglomeration of abrasive grain on its circumference 54 formed with
pulverized diamond et al by electro forming. Also, the blade cover
53 has cutting liquid nozzles 55a and 55b arranged at equal distance

15 fromthe opposite sides of the cutting blade 52 to be used as v;ro_rking
liquid supplying means, as seen from Fig.1ll. |

An another cutting liquid nozzle 56 is placed on the line
extending from the cutting blade 52 for directing the flushing of
working liquid to the place at which the cutting blade 52 is put

20 in contact with the semiconductor wafer "W”, and a high-pressure
air ejecting means 57 is placed behind the cutting liquid nozzle
56. |

In cutting the semiconductor wafer "W” with the so constructed
cutting means 51 the cutting liquid nozzle 56 starts the flushing

25 of cutting liquid such as water, and at the same time, the chuck
table 58 carrying a semiconductor wafer is moved in the X-direction,
thereby permitting rotating of the cutting blade 52 to cut the
semiconductor wafer along a selected line in the lattice pattern.

As seen from f‘ig.ll, the cutting liquid is ejected from the

30 cutting liquid nozzles 55a and 55b to the place at which the cutting
blade 52 is put in contact with the semiconductor wafer “W”, and
also the cutting liquid is ejected from the nozzle 56 to the same
contacting place. The ejected water is converged to the wafer-
and-blade contacting place under the influence caused by air-




also the cutting liquid is ejected fromthe nozzle 56 to the sane
contacting place. The ejected water is converged to the wafer-
and- bl ade contacting place under the influence caused by air-
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ejection from the high-pressure air ejecting means 57, thus making
the water to forcedly invade into any gap left between the
semiconductor wafer "W” and the cutting blade 52. Thus, the
cooling effect is expedited. Additionally evaporation of water
is expedited by the ejecting air, still increasing the cooling
effect by depriving the wafer—and-blade interface of heat.

Such amplified cooling effect is found to be most effective
in preventing appearance of cracks or chippings in dicing a
semiconductor wafer, and improving the machining precision and
accordingly the quality of resultant chips.

Figs.12 and 13 showamodification of cuttingmeans. As shown,
two cutting liguid nozzles 60a and 60b are arranged at equal
distance from the opposite sides of the cutting blade 59, and two
gas ejecting nozzles 6la and 61b are arranged at equal distance
from the cutting liquid nozzles 60a and 60b. Each gas ejecting
nozzle 6la or 61b has numerous air ports (not shown) made therein.

In operation air is ejected from the gas ejecting nozzles
6la and 61b while water is being supplied to the cutting liquid
nozzles 60a and 60b, and then, the working liquid is made to
converge toward either side of the wafer—-and-blade place. Thus,
the working liquid is made to invade the wafer-and-blade interface
even more forcedly than the cutting means of Fig.ll, and
accordingly the cooling effect can be increased still more. This
contributes to further improvement in machining precision and the
quality of chips. '

A machining apparatus according to the present invention is
described above as grinding and dicing apparatuses, but it is
apparent to those skilled in the art that the present invention
can be equally appiied to machining apparatuses other than these
embodiments, as for instance follows: a shaft grinder for grinding
the surface of cylindrical iron rods; a planer for machining stone,
glass or metal objects; a cutter for cutting different hard
materials; a semiconductor ingot cutter for slicing semiconductor

ingots, and the like.
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ejection fromthe high-pressure air ejecting neans 57, thus making t he
water to forcedly invade into any gap left between the sem conduct or
wafer "W and the cutting blade 52. Thus, the cooling effect is
expedited. Additionally evaporation of .mater 5 is expedited by the
ejecting air, still increasing the coollng effect by depriving the

waf er - and- bl ade igterface of. heat . S I fL.e ol j ef.f ect
is found to be m)g’t‘a"&??%it P\§e wortkmlgn t&o é‘\%rﬁol lrjltgga%%ggr ghcce&uo%?l cdr%%}(lgu&g
chi ppi ngs i nagparaguses are sheetsmiuptbvemided nagndail nar manrgatead imedtid)i ng

preci sion and 10 _accardingly. the_q It f resyltant chips. .
Figs. 12 and®% %’F}&?%q'ﬂfoﬁgaﬁyl@é’t PSnH@” c%ﬁ’%%d‘%s .at‘l‘}igggﬁ%%'tldeﬁ e
cutting |iqubthepzabessHda qralifOb alle salidiféddabyeqsing vitrdifsiehdonid,om

h : . . )
€ OppO%l t emgtlzgf %o%fd,t Qgszc.rlljént.é %%ngl gzg gy%%.’ec%:@%fy\‘t\ﬁc deposition or electro

forming.

If the machining apparatus is installed in a closed space
such as a clean room, preferably air is used as ejecting gas; an
inert gas if used, may cause an adverse effect on operators’

10 breathing.

The machining method and apparatus according to the present
invention has following advantages:
the forced invasion of air into the wafer—-and-whetstone interface
has the effect of permitting the working liguid to be supplied to

15 +the interface at an increased efficiency, and of expediting the
vaporization of working liquid to deprive the interface of'heat,
thus amplifying the cooling effect;.
the feeding quantity of working liquid can be decreased to 20
percent of usual or less, still assuring the comparable machining

20 quality. The workpiece can be ground to a minimum possible
thickness as could not have been ever attained, that is, 200
m or below. Mirror-like polishing can be attained, also.
Friction between the workpiece and the whetstone is reduced, and
accordingly the wearing of the whetstone is reduced, resulting in

25 elongation of life of the whetstone;

In dicing a semiconductor wafer the improved cooling effect caused
by the forced invasion of air into the wafer-and-whetstone
interface eliminates effectively cracks or chippings which
otherwise, would aﬁpear on the opposite sides of a selected cutting

30 line in the lattice of the semiconductor wafer, thus providing
chips of high guality; and |
In all machining apparatuses of the type supplying a working liquid
to the machining tool the working liquid can be substantially saved,
thereby solving the environmental problem and the economical




gas ejecting nozzles 6la and 61b are arranged at equal distance 15 from

the cutting liquid nozzles 60a and 60b. Each gas ejecting nozzl e 6la or
61b has. numerous air ports (not shown) made therein. I n operation
air is ejected fromthe gas ejecting nopgl es 6la and 61b while water is
bei ng supplied to the cutting liquid nozzl es 60a and 60b, and then, the

working liquid is _nade_t er Qe ;t i re1944d€
waf er - and- bl gagbzﬁgcés_%.muﬁﬁégl,e o(&gwf h%%v%?'ﬁ%‘ﬁlg{fdﬂ%@ mtigé ?g%idrlll\c/:gge qtf'he
waf er - and- bl admpapabléaoe even dvighewrmaldtycdry prawided. cutting means of

Fig.11, and accordingly the cooling effect can be increased still nore.
Thi s contributes to further inprovenent in machining precision and the
25 quality of chips. A machi ni ng apparatus according to the

pr esent isnventi on is
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descri bed above.lasigri ndi nd”%?nb ‘dicing apparatuses, but it is appar ent
to those skillled in the art thati the present invention can be equally

appl i ed to machiini pg @ISt useg ot her than these SH"mgm ' @S for
i nstance follows: a shaft grinddr for gt3-nding t!Y f Im;“"T

cylindrical i ron-rods: a-pl-aner for machining stone, © gl ass or xetal
objects; a c I cEATiERO 1&.f f erent hard mat eri als; a sem conduct or
i ngot cutter for slicing sem conductor i ngots, and the |ike.

1. A machining apparatus comprising: holding means for holding
a workpiece to be machined; machining means having a wbrking tool
5 put in contact with the workpiece held by the holding means for
effecting a required machining; working liquid supplying means for
directing a working liquid to the place at which the working tool
is put in contact with the workpiece; and gas ejecting means for
ejecting a gas toward the workpiece in such a way that the working
10 liquid may forcedly invade into the working tool-and-workpiece

contacting area.

2. A machining apparatus according to claim 1 wherein the
working tool comprises an agglomeration of abrasive grain.

15
3. A machining apparatus according to claim 2 wherein the

agglomeration of abrasive grain functions as a grinding whetstone,

and the machining means is a grinding means.

20 4. A machining apparatus according to claim 3 wherein the
holding means is a chuck table; the workpiece is a semiconductor
wafer; the working liquid is water; and the gas ejected from the

gas ejecting means is air.

25 5. A machining apparatus according to claim 2 wherein the
holding means is a chuck table; the agglomeration of abrasive grain
functions as a cutting blade; and the machining means is a cutting

means.

30 6. A machining apparatus according to claim 5 wherein the
workpiece is a semiconductor wafer; the working liquid is water;

and the gas ejected from the gas ejecting means is air.

7. A machining méthod in which a required machining is effected

This Sheet Has Been Replaced THIS SHEET HAS BEEN
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Exanpl es of working tools to be use ng
appar atuses ‘are wheels of pulverized natural or rrﬂB ]&ﬂ Imi ,m and

of aggl oneration of CBN, carborundum al undum partl
abrasive grains, all solidified by usingdgévitrified bond, 5 rret al bond,
resinoid bond or by electrolytic deposition or electro form ng.

I'f the machi nbp@ WOPIRH B toshé mataihed Hynhél&i@éQﬁeWQnece W¥ER i¥iding
clean room preferably air is used as .ejecting gas;
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means and by putting a workirng tool in contact with the workpiece,
comprising the step of directing a working liquid to the place at
which the working tool is put in contact with the workpiece, and
simultaneously ejecting a gas toward the workpiece in such a way
that the working liquid may forcedly invade into the working

tool-and-workpiece contacting area.

- 8. A machining method according to claim 7 wherein an

agglomeration of abrasive grain is used as the working tool.

9. A machining method according to claim 8 wherein the
agglomeration of abrasive grain is used as a whetstone, and the
required machining is to grind the workpiece.

10. A machining method according to claim 9 wherein the holding
means is a chuck table; the workpiece is a semiconductor wafer;
the working liquid is water; the gas ejected from the gas ejecting
means is air; and the grinding is to grind the surface of the

semiconductor wafer.

11. A machining method according to claim 8 wherein the holding
means is a chuck table; the agglomeration of abrasive grain is used
as a cutting blade; and the required machining is to cut the

workpiece.

12. A machining method according to claim 11 wherein the
workpiece is a semiconductor wafer; the working liquid is water;
the gas ejected from the gas ejecting means is air; and the cutting

is to dice the semiconductor wafer.
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inert gas if used, may cause an adverse effect on operators, 10 breathing.

The machi ning met hod and apparatus according to the present I nvention
has foll owi ng advant ages: the forced invasion of air into the
waf er - and- whet st one interface has th® effect of permitting the working

liquid to be supplied to 15 the interface at an increased efficiency, and
of expediti R@paRATUS MWPOMETRDDOIFON MACKIMING | WOREPTECESD HY cFLBSHING
interface doreaNG LIQUIDITOANMME MPOLS ANDe WOBREPLEGECANBERFACE  t he feeding
gquantity ofworking I'iguid can be decreased to 20 percent of usual or

| ess, still assuring the conparable machining 20 quality. The workpiece

can be grou #gﬁF | {4 idtlgsuyre thi ckness as could not have been
ever attai ng’%,é a 'E‘Igf' SEEI err]

Disclosed are improved apparatus and method for effecting

a required machining on workpieces with working liquid flushing
5 to the tool-and-workpiece contacting place. Gas such as air is

ejected to the tool-and-workpiece contacting place, thereby making

the working liquid to forcedly invade into the tool-and-workpiece

interface. Thus, cooling effect is enhanced to maximum while

saving the quantity of working liquid, still assuring that the
10 products of comparable or even higher quality are provided.
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mor below. Mrror-like polishing can be attained, also. Friction

bet ween the wor kpi ece and the whetstone is reduced, and accordingly the
wearing of the whetstone is reduced, resulting in 25 elongation of |ife of
t he whet st one; In dicing a sem conductor wafer the inproved cooling

ef fect caused by the forced invasigg of air into the

waf er - and- whet st one I nterface eli tes effectively cracks or

chi ppi ngs whi ch ot herwi se, woul d appear on the opposite sides of a
selected cutting 30 line in the lattice of the sem conductor wafer, thus
provi di ng chips of high quality; and In all machi ni ng appar at uses
of the type supplying a working liquid to the machi ning tool the
working liquid can be substantially saved, t hereby sol ving the

envi ronment al problem and the economi cal

FIG 1
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probl em simul t aneously, still assuring that the products of conpar abl e
or even higher quality are provided.
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A machining method in which a required machining is
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by using a machi ni ng apparatus conprising holding neans for holding 5 a

wor kpi ece to be machi ned, machi ni ng neans havi ng a wor ki ng tool put
in--contact with the workpi ece held by the hol ding neans for ef fecting
a required machining, working |Iiquid supplying neans for directing a
working liquid to the place at which t morklng t ool IS put in contact
with the workpiece, and ga s for electing a gas toward

t he wor kpi ece characterizei:iktg ng([he nethod conprising the steps of
di sposing a gas ejection nozzle of the gas ejecting neans in the
direction toward the working t o83and- wor kpi ece ntacting area,
dlrectlng the working liquid to fhe place at [ the working tool is
put in contact with II[l_k"piecé, and ﬁinuLLgﬂeously ej ecting the gas
fromthe gas ej ¢ 2l e in such a pay tprat the gas pressure may
push the 52 :

N
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working liquid to forcedly invade into the working tool -and- wor kpi ece
contacti-ng area. 20 2. A machi ni ng nmet hod according to claim 1,
wherein an aggl oneration of abrasive grain is used as the working

t ool . 3. A machi ning nmethod according to claim2, wherein the

aggl oneration of abrasive grain is used,6as a whetstone, and the 25
required machining is to grind the morR%%ece.
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4. A machi ning nmethod according to claim3, wherein the hol ding means

Is a chuck table; the workpiece is a sem conductor wafer; t he wor ki ng
liquid is water; the gas ejected fromthe gas ejecting 30 neans is air;
and the grinding is to grind the surface of the sem conduct or waf er.

5. A machi ni ng met hod according to clﬂg_i m 2, wherein the hol ding
means i s a chuck taF1;G he]aggl oner at of abrasive grain is used
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- 16- as a cutt| ng bI ade d the required machi ni ng_i

wor kpi epe g nethod according to ¢ EEP[A(EM&M(&I&H\%T he
5 workpi ece i waf er; the working |iquldpr-s—water:”
gas ejected f \\ﬁﬁ\‘gas* efecting neans is air; and th luttsnﬁw ‘
-15-
Claims: D
1. A machining method in which a required machining is effected
by using a machining apparatus comprising holding means for holdi
5 a workpiece to be machined, machining means having a working tool
put in-‘.’C:ontact with the workpiece held by the holding means for
effecting a required machining, working liquid supplying means for
directing a working liquid to the place at which the working tool
is put in contact with the workpiece, and gas ejecting means for
10

<.ejecting a gas toward the workpiece characterized in that; the

N method comprising the steps of disposing a gas ejection nozzle of -

the gas ejecting means in the direction toward the working

tool-and-workpiece contacting area, directing the working liquid

to the place at which the working tool is put in contact with the

15 workpiece, and simultaneously ejecting the gas from the gas

ejection nozzle in such a way that the gas pressure may push the

working liquid to forcedly invade into the working tool-and-
workpiece contacting area.

20 2. A machining method according to claim 1, wherein an

agglomeration of abrasive grain is used as the working tool.

3. A machining method according to claim 2, wherein the
agglomeration of abrasive grain is used as a whetstone, and the
25 required machining is to grind the workpiece.

4. A machining method according to claim 3, wherein the holding
means is a chuck table; the workpiece is a semiconductor wafer;
the working liquid is water; the gas ejected from the gas ejecting

30 means is air; and the grinding is to grind the surface of the
semiconductor wafer.

5. A machining method according to claiin}_,_wherein the holding

means is a chuck table; the agglomeration of abrasive grain is used
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as a cutting blade; and the requiréd machining is to cut the
workpiece.

6.

A machining method according to claim 5, wherein the
workpiece is a semiconductor wafer; the working liquid is water;

the gas ejected from the gas ejecting means is air; and the cutting
is to dice the semiconductor wafer.
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