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BACKGROUND OF THE INVENTION

The present inyention relates to a dicing machine which '
dices semiconductof wafers.

Dicing process in the manufacture of semiconductor re-
quires precise control of the depth of a blade cutting into a
semiconductor wafer, in order to maintain stable quality of
processing. For.this purpose, in a dicing machiﬁe, the height
of the top surface of the semiconductor wafer relative to the
blade is first recognized by means of an NC unit (numerical
control unit) or the like. Actually, however, setup operation
is first carried out to detect the position of the top surface
of a chuck table whereon the semiconductor wafer is placed,
because thickness of the semiconductor wafer is known iﬁ
advance. Then the thickness of the semiconductor wafer is
added to the top surface positibn of the chuck table which has
been detected, to determine the top surface position of the
semiconductor wafer, thereby to control the blade position
relative to the semiconductor wafer. -

In recent years, noncontacting setup operation is prac-
ticed wherein relative position of the chuck table and the

blade is recognized without bringing them into contact with
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Di cing process ‘in the manufacture of semi conductor re- quires precise
control of the depth of a blade cutting into a sem conductor wafer, in
order to maintain stable quality of processing. For this purpose, in a

di ci ng machi ne, the height of the top surface of the sem conductor wafer
relative to the blade is first recognized by nmeans of an NC unit
(numerical control unit) or the like. Actually, however, setup operation
i s firsteachrodteoutincotdesctot p¥opdsiemegisg the bd@deurface of a chuck
tabl e whereon the sem conductor wafer is placed, because thickness of the
sem conduct orFigf 8rschekatinally stiowsce paménofhe dhicding sechiineh©f

sem conduct or wafer is
the prior art which carries out noncontacting setup operation.

As shown in the drawing, the conventional dicing machine
has a setup standiiz fixed on the chuck table 10, the setup
stand having a top surface 12a which is lower than the top
surface 10a of the chuck table 10. .A spindle 16 which drives
the blade 14 to rotate as indicated by an arrow has a touch
seﬁéorllslfixed thereon via a féstening member whiéh.is not
shown in the drawing. The touch sensor 18 switches on and off
as a top end 21a of a guide bar 21 which is linked with a
setup piece 20 touches a contact point 18a.

Because the touch sensor 18 has a very small response
range, a specified'cléarance a (0.3mm for instance) has been
provided between the contact point 18a and the top end 21a of
guide bar 21 in the prior art, in order to prevent such an
erroneous operation as switching by vibration. Also in the
vicinity of the chuck table 10, a laser sensor 22 is installed
which detects a member (the blade 14, the setup piece 20 or
the like), which is located at the reference position, without
making contact by means of a laser beam 22a emitted at a

specified height (reference position) relative to the top

surface 10a of the chuck table 10.
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added to the top surface position of the chuck table which has been
detected, to determne the top surface position of the sem conductor
wafer, thereby to control the blade position relative to the sem conductor
waf er . In recent years, noncontacting setup operation is prac- ticed
wherein relative position of the chuck table and the blade is recognized

W thout bringing theminto contact with
-2 In the conventional dicing machine, setup operation is

carried out as described below.
Bottom ends of the blade 14 and the setup piece 20 are

lowered successively to the position of the laser beam 22a

.-,

thereby to detectlihe height of the referenée position rela-
tive to the blade 14 and the setup piece 20. Then the setup
piece 20 is brought into contact with a setup stand 12 and the
height of the top surface 12a of the setup stand 12 relative
to the setup piece 20 is detected through switching operation
of the touch sensor 18 under.this condition.

Upon completion of the setup operation described above,
then the height of the top surface 10# of the chuck table 10
relative to the blade 14 is determined from the positional
relations of the components which have been detected.

Specifically, vertical distance b between the top surface
12a of the setup stand 12 and the reference position is
determined first, then height difference c between the known
top surface 12a and the top surface 10a of the chuck table 10
is added to the distance b (b+c), to determine the height of
the top surface 10a of the chuck table 10 relative to the
reference position. Actually, however, because the clearance
a exists between the touch sensor 18 and thé setup piece 20,
dimension a is used as a correction value to calculate (b+c)+a
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each other, in order to avoid damagi ng the bl ade. Fig.8 schematically
shows a part of a dicing nmachine of the prior art which carries out
noncont acti ng setup operation. As shown in the drawi ng, the
conventional dicing machine has a setup stand 12 fixed on the chuck table
10, the setup stand having a top surface 12a which is lower than the top
surface 10a of the chuck table 10. A spindle 16 which drives the blade 14
to rot atfroms viridilc dthel Hedght off duhehatop swotdce skOs opf 18N R}é‘dckher eon via
a fastening nenber which is not

table 10 relative to the reference position is determined.
Because positional relationship of the blade 14 and the

reference position has been recognized in the setup operation

~, "
‘.

described previously, the height of the top surface 10a of the
chuck table 10 relative to the blade 14 Ean be determined by
adding the value (b+c)+a to the height of the reference posi-
tion relative to the blade 14.

Then the-éutting depth of the blade 14 is controlled
according to the height over the top surface 10a of the chuck
table 10 determined as described above.

In the conventional dicing machine, dimension of the
clearance a may be changed during maintenance service of the
touch sensor 18, and therefore it has been necessary to con-
firm the dimension of the clearance a every time maintenance
service is done. For example, dimension of the clearance a is
changed slightly (50 micrometers for instance) and trial
cutting is done on a plurality of dummy wafers thereby to
determine the proper dimension of cleafance a.

This has been decreasing the operation éfficiency and

causing adverse effect on the productivity.

SUMMERY OF THE INVENTION
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shown in the drawi ng. The touch sensor 18 switches on and off as a top end
2la of a guide bar 21 which is linked with a setup piece 20 touches a
contact point 18a. Because the touch sensor 18 has a very small
response range, a specified clearance a (0.3nmmfor instance) has been
provi ded between the contact point 18a and the top end 2la of guide bar 21
in the prior art, in order to prevent such an erroneous operation as
swi t chi ng by Ui by Bew onf thesei prohdems; cithiet presente ipNebkioabhasi@ a

| aser sensor 22 is installed which detects a nenber (the blade 14, the
setup pigeepafe 06f phevidkay, awdielingsmhehahedwatichhasr eh@abaeeqfosu tion,

wi t hout
improving the productivity.

The invention according to claim 1 achieves the purpose
with a dicing macﬁ;ne which dices a semiconductor wafer, which
is fixed on a processing table, by means of a blade driven to
rotate by a spindle, the dicing machine being provided with a
contactor arranged at a position where it can contact the
processing table, a contactor holding mechanism which holds
the contactor in such a way as the contactor can move forward
and backward relative to the top surface of the processing
table, holding mechanism moving means which brings the contac-
tor into contact with the top surface of the processing table
by controlling the position of the contactor holding
mechanism, retracting distance detecting means which detects
the amount of reaction of the contactor when it is brought
into contact with the top surface of the processing table by
the holding mechanism moving means, processing table poéition
recognizing means which recognizes the top surface position of
the processing table relative to the céntactor from the amount
of retraction detected by the retracting distance detecting

means, noncontacting measuring means which measures the rela-

tive position of the contactor and the blade without making
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maki ng contact by neans of a | aser beam 22a emitted at a specified height
(reference p05|t|on) relative to the top surface 10a of the chuck table
10. - 3- In the conventional
di ci ng machi ne, setup operation is carried out as described bel ow.

contact, and positional relationship recognizing means which
recognizes the positional relationship between the blade and
the top surface of the processing table, from the relative

position of the contactor and the blade measured by the non-

.
s
;

contacting measuring means and the top surface position of the
processing table relative to the contactor which was recog-
nized by the processing table position recognizing means.

The invention according to claim 2 achieves the purpose
with a dicing machine of claim 1 ﬁhich is further provided
with fastening means which fastens the contactor holding
mechanism onto the spindle, while the holding mechanism moving
means controls the position of the contactor holding mechanism
lby moving the spindle, and the contactor holding mechanism is
provided with contactor driving means which makes the contac-
tor retract from the blade during dicing operation and makes
the contactor protrude beyond the blade when it is in contact
with the processing table.

The invention according to claim 3 achieves the purpose
with a dicing machine of claim 1 wherein the noncontacting
measuring means has an oﬁtical sensor which detects a member
located at a reference position without making contact, by
means of a light beam emitted onto the reference position

which is set in a specified positional relationship with the
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Bott om ends of the blade 14 and the setup piece 20 are |owered
successively to the position of the | aser beam 22a thereby to detect the
hei ght of the reference position rela- tive to the blade 14 and the setup
pi ece 20. Then the setup piece 20 is brought into contact with a setup
stand 12 and the height of the top surface 12a of the setup stand 12
relative to the setup piece 20 is detected through switching operation of
t he touthpsensfrcegofintbe prosessiaa iteple, and HRAPWSRHIG FEHALIHR
setup operation described above, then the height of the top surface 10a of
t he chupbstiaibn df thel hilade tamd Hheblcahdtabtars hietdatgeicng rtde thhbade
posi ti onal

and the contactor by means of the optical sensor and determin-

ing the positions of the blade and the contactor relative to

g
$

the reference position.

In the dicing machine according to claim 1, the holding
mechanism moving means controls the position of the contactor
holding mechanism to bring the contactor into contact with the
top surface of the processing table. This causes the contac-
tor to take the retracting position while the retraction
distance detecting means detects the retracting distance. The
processing table position recognizing means recognizes the top
surface position of the processing table relative to the
contactor from the retracting distance detected by the retrac-
tion distance detecting means. The noncontacting measuring
means measures the relative position of the contactor and the
blade without making contact. The positional relationship
recognizing means recognizes the positional relationship
between the blade and the top surface of the processing table,
from the relative position of the contactor and the blade
which was measured by the noncontacting measuring means and
the top surface position of the processing table relative to

the contaﬁtor which was recognized by the processing table
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rel ati ons of the conponents which have been detected. Speci fical ly,
vertical distance b between the top surface 12a of the setup stand 12 and
the reference position is determned first, then height difference c

bet ween the known top surface 12a and the top surface 10a of the chuck
table 10 is added to the distance b (b+c), to determ ne the height of the
top surface 10a of the chuck table 10 relative to_the reference position.
Act ual | POSHOWEOFe TeqRERAENY e Bar afRen BhexpiadeBPFRERORNES BN sensor

18 and the setup piece 20, dinension a is used as a correction value to
cal cul attarqid=g) mccording to the positional relationship between the

blade and the processing table which has been recognized,
thereby to control the cutting depth of the blade into a
semiconductor wafé;thich is fixed on the processing table.

In the dicing machine according to claim 2, the holding
mechanism moving means controls the position of the contactor
holding mechanism by moving the spindle. Dicing process of
the semiconductor wafer is carried out as the holding
mechanism moving means moves the spindle to a specified posi-
tion. During dicing operation, the contactor driving means
makes the contactor retract from the blade. When the holding
mechanism moving means brings the contactor into contact with
the top surface.of the processing table, the contactgr driving
means makes the contactor protrude beyond the blade. Through
these operations, the blade and the contactor do not interfere
with each othér, even when the top surface of the processing
table on which the contactor is brought into contact and the
plane whéreon the semiconductor wafer is fixed are flush. The
processing table position recognizing means recognizes the
positipn of the surface of the processing table on which the

semiconductor wafer is fixed, namely the back surface of the

semiconductor wafer.
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10 relative to the reference position is determ ned.

fromwhich the height of the top surface 10a of the chuck table

rel ati onship of the blade 14 and the reference position has been
recogni zed in the setup operation described previously, the height of
top surface 10a of the

In the dicing machine according to claim 3, the noncon-

Because positional

t he

tacting measuring means detects the blade and the contactor by

means of the optical sensor and determines their positions

relative to the fefgrence position, thereby to measure the

L3
Sy

relative position;bf the blade and the contactor.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure ; is a schematic plan viéw showing the entire
dicing machine according to an embodimént of the invention.

Figure 2 is an oblique view showing dicing processing
section of the above machine.

Figure 3 is a sectional side view showing the structure
of the laser sensor in the above machine in deﬁail.

Figure 4 is a front view of the sensor mechanism in the
above machine.

Figure 5 is a partially cutaway side view of the sensor
mechanism in the above machine.

Figure 6 is a rear view of the sensor mechanism in the
above machine.

Figure 7 is a front view showing schematically the posi-
tional relationship of components in the above ﬁachine.

Figure 8 is an explanatory drawing showing schematically

the positional relationship of components in the dicing
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chuck table 10 relative to the blade 14 can be determ ned by adding the
val ue (b+c)+a to the height of the reference posi- tion relative to the

bl ade 14. Then the cutting depth of the blade 14 is controlled
according to the height over the top surface 10a of the chuck table 10
determ ned as descri bed above. In the conventional dicing machine, -
di mensi on of .the I%?rance a may be changed during mai nt enance service of
t he tou@ﬁ‘%r"éé} SRFIMNer®fore it has been necessary to con- firmthe
di rension of the clearance a every tinme nmaintenance service is done. For
exanpl e, dinension of the clearance a is

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

An embodimens-pf the dicing machine according to the
invention will noﬁ be described in detail below with reference
to Fig.1 through Fig.7.

Fig.l1l shows the dicing machine of this embodiment

. schematically.

As shown in the drawing, the dicing machine 30 has a
stocker 32 where a plurality of semiconductor wafers are
stored, a wafer feeder unit 34 which carries out and carries
in the semiconductor wafer from and to the stocker 32, a
dicing process unit 36 which carries out dicing process of
semiconductor wafers, a rinsing unit 38 which rinses processed
semicdnductor wafers, and a transfer loader 40 which transfers
the semiconductor wafers between the wafer feeder unit 34, the
dicing process unit 36 and the rinsing unit 38 as indicated by
arrow K.

Fig.2 shows the dicing process unit 36. In this drawing,
X axis and Y axis, perpendicular to each other, are set in the
horizontal plane and Z axis is set in the vertical direction.

As shown in Fig.2, the dicing process unit 36 has a chuck

table 42 whereon the semiconductor wafer (not shown) is
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changed slightly (50 microneters for instance) and trial cutting is done
on a plurality of dummy wafers thereby to determ ne the proper dinension

of clearance a. Thi s has been decreasing the operation efficiency and
causi ng adverse effect on the productivity.
-5-

placed. The chuck table 42 holds the semiconductor wafer by
sucking air. The chuck table 42 is also fixed on an X axis
table 44 and is driven to rotate by a motor which is not shown

in the drawing. The X axis table 44 is guided by a guide rail

.
~ e
..

50 to move horizontally in X axis direction by the rotation of
a ball screw 48 driven by an X axis motorl46.

The dicing process unit 36 is also provided with a Y axis
table 56 which is moved horizontally in Y axis direction by a
Y axis motor 52 and a ball screw 54. Fixed on the Y axis
table 56 is a vertical motion mechanism 66 which moves a
spindle motor 60, that drives a disk-shaped blade 58, verti-
cally in Z axis direction by means of a spindle vertical
movement motor 62, a ball screw 64 and othersf As the spindle
motor 60 is moved down by the vertical motion mechanism 66,
the blade 58 cuts into the semiconductor wafer.

Also fixed on the Y axis table 56 is a microscope 68 via
a fastening member 70. The microscope 68 is used to get
magnified views of the top surface of the chuqk table 42 and
the surface of the semiconductor wafer, and is moved vertical-
ly in Z.axis direction relative to the fastening member 70 by
a vertical motion mechanism not shown ip the drawing. Focus+
ing of the microscope 68 is adjusted by this vertical motion.

As shown in Fig.l, a laser sensor 72 used in setup is
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In view of these problens, the present invention has a purpose of
providing a dicing machi ne which is capable of inproving the productivity.
The invention according to claim1 achieves the purpose wth a dicing
machi ne whi ch di ces a sem conductor wafer, which is fixed on a processing
tabl e, by neans of a blade driven to rotate by a spindle, the dicing
machi ne being provided wwth a contactor arranged at a position where it
can conifdeed pa Yheodestiny talble 44 cont act or hol di ng mechani sm whi ch

hol ds the contactor in such a way as the contactor can nove forward and
backward rel &tiigud tshawse thep stumicioerefof heherbxsssi sgnsor 72.

As shown in this drawing, the laser sensor 72 has a light

emitter 74 for emitting laser beam R, a light receiver 76 and

v
~e
[

mirrors 78a, 78b which guide the laser beam R emitted from the
light emitter 74 to the light receiver 76. The laser sensor
72 is arranged so that the laser beam R emitted from the light
emitter 74 converges at a mid point between the mirror 78a and
.the mirror 78b. The laser sensor 72 is also arranged so that
the blade 58 moves across the laser beam R at its converging
point P as shown in Fig.3, so that the edge of the blade 58
and others is detected by using the change in the intensity of
light received on the light receiver 76.

In this embodiment, the spindle motor 60 has a sensor
mechanism 80 mounted thereon to carry out setup operation, as
shown in Fig.l1l and Fig.2.

Fig.4 througﬁ Fig.6 show the detailed configuration of
the sensor mechanism 80, Fig.4 showing the front view, Fig.5
showing the rear view and Fig.6 showing the side view of the
sensor mechanism 80. In these drawings, the spindle motor 60
and the blade 58 are indicated by alternate long and two short
dashes lines to show the assembling relationship.

The sensor mechanism 80 has a substantially L-shaped
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tabl e, hol di ng nechani sm novi ng neans which brings the contac- tor into
contact with the top surface of the processing table by controlling the
position of the contactor holding mechanism retracting distance detecting
means whi ch detects the anobunt of reaction of the contactor when it is
brought into contact with the top surface of the processing table by the
hol di ng nmechani sm novi ng nmeans, processing table position  recognizing
means WHRPPoRtJgtecks84nehich L% rnawetedspri bheotort ABApFAEEsSEnG e abl e
relative to the contactor fromthe anmount of retraction detected by the
retract i syimdbke anoceore@chy nyeansant, badhsofzact BAY, ne&sSur i AgVeEFadsathi ch

measures the rel a-
motion support 84a, located at the side of the spindle motor
60 on the support block 84, is provided with a setup piece 86
arranged at the ld;ér end thereof.

The setup piece 86 is used in setup operation for the
laser sensor 72 and the chuck table 42, similarly to the prior
art, and is provided with a light interrupter 86a of thin
sheet configuration attached at the bottom thereof, as shown
in the cross seétion in Fig.5 of A-A line in Fig.4. The
bottom surface of the light interrupter 86a is formed in a
curved surface having a curvature similar to that of the
periphery of the blade 58, as shown in Fig.4.

In this embodiment, the setup piece 86 is fixed at the
bottom of two guide bars 88a, 88b as shown in thé cross sec-
tional view of Fig.4. These guide bars 88a, 88b are inserted
into through holes 90a, 90b formed in the vertical motion
support 84a, respectively, thereby to vertically penétrate the
vertical motion support 84a. Arranged between steps formed at
the bottom of the through holes 90a, 90b and the top end
surface of the setup piece 86 are compressed oil springs 9la,
91b, fespectively, which force the setup piece 86 downward.

At the top ends of the guide bars 88a, 88b, on the other
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tive position of the contactor and the bl ade w thout making

- 6- contact, and positional relationship recognizing nmeans which
recogni zes the p05|t|onal rel ati onshi p between the bl ade and the top
surface of the processing table, fromthe relative position of the
contactor and the bl ade neasured by the non-

hand, a locking member 92 is fixed while an air cylinder 94 is
fixed on the locking member 92 as shown in Fig.6. The air
cylinder 94 has a cylinder body 96 having a pressure chamber
(not shown) inside thereof, a piston rod 98 linked at the top
end thereof with afpiston (not shown) which is housed in the
pressure chamber inside the cylinder body 96, and an air
supply port 100 which supplies compressed air into the
cylinder body 96. The air supply port 100 is connected with
air supplying means such as a pump or the like which is not
shown in thé drawing.

The piston rod 98 is fixed at its bottom end on the
support block 84, so that it does not move relative to the
lsupport block 84 together with the piston provided in the
cylinder body 96. Consequently, pneumatic pressure applied
onto the piston acts to move the cylinder body 96 vertically
leaving the piston rod 98 remaining at the position. Also
because the cylinder body 96 is in fixed relationship with the
guide bars 88a; 88b via the locking member 92, driving of the
air cylinder 94 results in a vertical movement of the setup
piece 86. That is, driving of the air cylinder 94 causes the
cylinder body 96, the locking member 92, the guide bars 88a,
88b and the setup piece 86 as a whéle to move vertically

relative to the vertical motion support 84a.
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contacting nmeasuring neans and the top surface position of the processi ng
table relative to the contactor which was recog- ni zed by the processing
tabl e position recognizing nmeans. ~ The invention according to claim2
achi eves the purpose wth a dicing nachine of claim1l which is further
provided wth fastening neans which fastens the contactor hol ding
mechani smonto the spindle, while the hol ding mechani sm novi ng neans
controls the BBYPVESn Strole lodirsded o Edigrd Imth M isn veRtEIRAL ng t he
spindl e, and the contactor hol ding nmechanismis provided with contactor
drivi ng me&honwiisch imited bye thentlasckingmemhiem@2 fansin the sgtite RARGRg
di ci ng operation and nmakes

86 making contact with the top end surface and the bottom end

surface of the vertical potion support 84a, respectively. In

.~y

Fig.4 through Fig[é, the air cylinder 94 is in actuated state
with compressed air being supplied into the cylinder body 96,
and the setup piece 86 is located at the uppermost position T
by resisting the forces of the coil springs 91a, 91b and
contacting the bottoﬁ surface of the vertical motion support
84a. When the air in the cylinder body 96 is exhausted and
accordingly the loéking member 92 is forced down by the coil
springs 91a, 91b into contact with the top end of the vertical
motion support 84a, the setup piece 86 takes the lowermost
position U as indicated by dashed line in Fig.4.

This embodiment is configured so that, when the setup
piece 86 takes the uppermost position T, the bottom end there-
of is positioned above the bottom position B of the blade 58
and, when.the setup piece 86 takes the lowermost position U,
the bottom end of the setup piece 86 is positioned below the
bottom position B of the blade 58.

In the sensor mechanism 80 of this emboaiment, on the
other hand, the vertical motion support 84a is provided with a

distance measuring instrument 102, as shown in Fig.4. The
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the contactor protrude beyond the blade when it is in contact wth the
processing table. The invention according to claim 3 achieves the
purpose with a dicing machine of claim1 wherein the noncontacting
measuri ng nmeans has an optical sensor which detects a nmenber |ocated at a
reference position w thout making contact, by nmeans of a |ight beam

emtted onto the reference position which is set in a specified positional
rel ati ordisgande measuring instrument 102 consists mainly of a dis-

tance measurihg instrument body 102a which is fixed by having
part thereof housed in the vertical motion support 84a, and a

- measuring probe 102¢ which is moved vertically relative to the

v
~.
. .

distance measuring. instrument body 102a by contracting and
elongating a bellows-like cover 102b.

The measuring probe 102c¢ is fixed at the bottom thereof
on the top end surface of the setup piece 86, so that it moves
vertically in linkage with.the setup piece 86. The distance
measuring instrument body 102a outputs an electrical signal
that represents the traveling distance of the measuring probe
102c, namely the traveling distance of the setup piece 86. As
the distance measuring instrument 102, for example, an
electrical micrometer or the like having a resolution of 1
ﬁicrometer or higher is used. The cover 102b is provided in
order to prevent éoolant, which is supplied to the cutting
point during cutting operation, from entering the inside of

. the distance measuriné instrument 102.

In this embodiment, driving operation of the drive unit,
namely the X axis motor 46, the Y axis motor 52 or the air
cylinder 94 for instance, is controlled by a control unit such
as an NC unit which is not shown in the drawing, and the

position of each unit is recognized by the control unit
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-7- top surface of the processing table, and neasures the relative
position of the blade and the contactor by detecting the blade and the
contactor by nmeans of the optical sensor and determ n- ing the positions
of the blade and the contactor relative to the reference position.

In the dicing machi ne according to claim1, the holding mnechanism noving
means controls the position of the contactor

through a detection signal of a position sensor, the measuring
probe 102c or the like.
Now the setup operation in the embodiment configured as

described above will be described below. In the description

-
s
.

that follows, it is assumed that components of the dicing
machine 30 operate under the control of the control unit ﬁot
shown in the drawing, while such description may be omitted in
the following.

In the dicing machine 30 of this embodiment, the setup
piece 86 is normallf driven by the air cylinder 94 to take the
uppermost position T shown in Fi§.4 through Fig.6. In this
initial state, when the control unit not shown generates a
setup start signal, setup operation by the sensor mechanism 80
is started.

(Setup onto the top surface of the chuck table)

First, air in the cylinder body 96 is eihausted, thereby
to make the setup piece 86 of the sensor mechanism 80 move
down to the lowermost position U by the force of the coil
springs 91a, 91b. Then the X axis motor 46 and the Y axis
motor 52 move the X axis table 44 and the Y axis table 56 to
specified positions, thereby to position the sensor mechanism
80.above the chuck table 42.

Then the spindle vertical drive motor 62 of the vertical
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hol di ng mechanismto bring the contactor into contact with the top surface
of the processing table. This causes the contac- tor to take the
Tetracting position while the retraction distance detecting neans detects
the retracting distance. The processing table position recognizing neans
recogni zes the top surface position of the processing table relative to
the contactor fromthe retracting distance detected by the retrac- tion
di st ancaqisicst tnegharskss . 6 THovRRcore aspindglacBeterng0 AewRYaKBasures the
relative position of the contactor and the blade w thout naking contact.
The positthexedly rte) diriomghie setaypieng 8€aof theogehser mechpodism 8fal
rel ati onship

into contact with the top surface of the chuck table 42.

At this time, because the bottom end of the setup piece

.
e

86 is positioned béiow the blade 58 in this embodiment, only
the setup piece 86 contacts the chuck table 42 without having
the blade contacting the top surface of the chuck table 42.

When the setup piece 86 contacts the chuck table 42, the
setup piece 86 moves (upward) relative to the vertical motion
support 84a against the forces of the coil springs 91a, 91b by
the distance the spindle motor 60 moves down. On the other
hand, the control unit not shown monitors the output given by
lthe distance measuring instrument 102 at this time, thereby to
check to see whether the setup piece 86 contacts the chuck
table 42 or not.

When a signal corresponding to the traveling distance of
the setup piece 86 is output from the distance measuring
instrument 102, the control unit not shown stops the downward
movement of the spindle motor 60 and recognizes the traveling
distance of the setup piece 86. Then the control unit sub-
tracts the traveling distance éf the setup piece 86 which has
been recognized from the downward moving distance of the

spindle motor 60, thereby to determine the height at which the
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bet ween the bl ade and the top surface of the processing table, fromthe
relative position of the contactor and the blade which was neasured by the
noncont acti ng nmeasuring neans and the top surface position of the
processing table relative to the contactor which was recogni zed by the
processing table - 8-

light interrupter 86a makes contact with the chuck table 42.
That is, top surface height of the chuck table 42 relative to
the setup piece 86 is determined.

(Setup to the reference position)

When the top ;ﬁrface height of the chuck table 42 is
determined, the spindle motor 60 is moved upward to a height
where the light interrupter 86a departs from the chuck table
42. Then by moving thé X axis table 44 and the Y table 56
ag#iﬁ, the setup piece 86 is positioned right above the light
converging point P (refer to Fig.3) in the laser sensor 72,
thereby to move down the spindle motor 60 again. This causes
the bottom end of the setup piece 86 moves down to the height
of the laser beam R, the height being detected by the laser
sensor 72. When the bottom end of the setup piece 86 is
detected by the laser sensor 72, the control unit not shown
stops the downward movement of the spindle motor 60 and, at
the same time, recognizes the height of the laser beam R
relative to the setup piece 86, namely the height of the
reference position, from the position of the spindle motor at
this time.

(calculation of the top surface height of the chuck table 42
relative to the reference position)

Fig.7 schematically shows the positional relationships of
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poéition recogni zi ng neans. Then the bl ade position is con- trolled
according to the positional relationship between the bl ade and t he

processi ng tabl e which has been recogni zed, thereby to control the
cutting depth of the blade into a sem conductor wafer which is fixed on
t he processing table. In the dicing machi ne according to claim2, the

hol di ng _nmechani sm novi ng neans controls the position of the contactor
hol di ng %mmﬁ%}/tﬁmﬁgnﬁl? héigbngdnachinei E@ process of the
sem conductor wafer is carried out as the holding nechani sm noving nmeans
noves the spiWhfire the aefexencedppottiont and. thar hajghicofigtbgetapi on, the
contactor driving nmeans

surface of the chuck table 42 relative to the setup piece 86

are determined as described abové, the control unit not shown

determines, from tﬁé traveling distance of the spindle motor

60 in Z axis direction, the distance d (refer to.Fig.7)

between the reference position and the top surface of the

chuck table 42 in Z axis direction.

When the distance d is calculated, the setup piece 86 is
moved up to the uppermost position T again by the air cylinder
94 and each component is returned to ifs home position, to
complete the setup operation upon generation of the setup
complete siomal.

On the other hand, the height of the reference position
relative to the blade 58 is determined by moving down the
spindle motor 60 to right above the converging point P and
detecting the bottom of the blade 58 with the laser sensor 72.
Thus, similarly to the prior art, the distance 4 is added to
the height of reference position relative to the blade 58
thereby to calculate the top surface position of the chuck
table 42 relative to the blade 58.

During dicing process, cutting depth of the blade 58 is

controlled according to the top surface position of the chuck
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makes the contactor retract fromthe bl ade. Wien the holding nechanism
noving nmeans brings the contactor into contact with the top surface of the
processing table, the contactor driving neans nmakes the contactor protrude
beyond t he bl ade. Through these operations, the blade and the contactor do
not interfere wth each other, even when the top surface of the processing
tabl e on which the contactor is brought into contact and the plane whereon
the seni £8RAGcESr IREPERLNGSS fiRedhgr @POVEs PTORRSSS-ocessi ng tabl e position
recogni zi ng neans recogni zes the position of the surface of the processing
t abl e on whi cAst Besczdbedonboveor inaftdve ids cfiingeshaakimsd \BQ Iaf ks sur f ace
of the

embodiment, contact between the setup piece 86 and the chuck

table 42 is detected by means of an analog signal correspond-

~,
4

ing to the traveling distance of the setup piece 86 obtained
from the distance measuring instrument 102, and therefore the
correction value (clearance a) is not necessary unlike the
prior.art. Thus because there is no need to check the correc-
tion value after maintenance service, the invention provides a
higher operation efficiency and improves the productivity over
that of the prior art.-

In the dicing machine of this embodiment, because the
setup piece 86 is driven by the air cylinder 94 to take the
upper position (uppermost position T) and the lower position
(lowermost position U) relative to the bottom end of the blade
58, the setup piece 86 and the blade 58 can be prevented from
interfering each other during setup onto the chuck table 42
and during dicing operation. Therefore, while a setup stand
12 having a height different from that of the top surface 10a
of the chuck table 10 has been necessary in the prior art in
order to prevent interference between the setup piece 20 and
the blade 14, this embodiment makes it possible to carry out

éetup operation directly on the top surface of the chuck table
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sem conduct or waf er. -9-

In

the dicing nachine according to claim 3, the noncon- tacting neasuring

‘means detects the blade and the contactor by means of the optical

and determ nes their positions relative to the reference position,

to nmeasure the

sensor
t her eby

42 without using the setup stand 12. Thus it is not necessary

to make calculation of (b+c) with the height difference

between the setup stand 12 and the chuck table 10 taken into

consideration, and the manufacturing cost of the machine can

.’
I3

be reduced corresponding to the elimination of the setup stand

12.

Although setup operation is carried out by means of a

servo system in the vertical motion mechanism 66 with the

sensor mechanism 80 being fixed on the spindle motor 60 in the

above embodiment, other vertical motion means may also be

employed.

In the vertical motion mechanism, not shown in the draw-

ing, of the microscope 68, for example, because a pulse motor

or the like is used for its driving source to recognize the

position of the microscope 68, vertical motion of the micro-

scope 68 may be used in the setup operation. Specifically,

the sensor mechanism 80 is installed so that the setup piece

86 protrudes beyond the bottom end of the microscope 68 and

the setup piece 86 is brought into contact with the top sur-

face of the chuck table 42 or the laser beam R of the laser

sensor 72 is interrupted similarly to the setup operation

described previously. Then the reference position recognized

in terms of the Z axis coordinate in the vertical motion

" (il

|l
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relative position of the blade and the contactor. BRI EF DESCRI PTI ON OF
THE DRAW NGS Figure 1 is a schematic plan view showing the entire

di ci ng machi ne according to an enbodi ment of the invention. Figure 2
I's an oblique view show ng dicing processing section of the above machi ne.
Figure 3 is a sectional side view showi ng the structure of the |aser
sensor in the above machine in detail. Figure 4 is a front view of

the sendRchaniamiah the tRtcreseorend@napd. the top surface position of

the chuck table 42 are used to determine the distance z of
these in Z axis direction. And the distance z thus determined

is added to the reference position relative to the blade 58

v
s
g

which was recognized in terms of Z axis coordinate of the
vertical motion mechanism 66, thereby to obtain the top sur-
face position of the chuck table 42 relative to the blade 58.

In case the microscope 68 is provided with the sensor
mechanism 80, adverse effect of vibration of the spindle motor
60 or the like on the sensor mechanism 80 can be prevented.
Also because the microscope 68 is located apart from the
cutting point, there occurs no adverse effect of the coolant
on the sensor mechanism 80. This eliminates the need for the
cover 102b and allows for simpler structure of the.distance
measuring instrument 102.

Although the setup piece 86 is brought into contact with
the chuck table 42 at one point during setup onto the top
surface of the chuck table 42 in the above embodiment, the
setup piece 86 may also be brought into contact with the chuck
table 42 at a plurality of points thereof, in order to
automatically measure the parallelism of the chuck table 42.
For example, the setup piece 86 is brought into contact with

the chuck table 42 at four points along the circumference and
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Figure 5 is a partially cutaway side view of the sensor mechanismin the

.above nachi ne. Figure 6 is a rear view of the sensor mechanismin the
above machi ne. ~ Figure 7 is a front view show ng schematically the
posi- tional relationship of conponents in the above machi ne. Fi gure

8 is an explanatory drawi ng show ng schematically the positional

rel ationship of conponents in the_ dicing
one point at the center, five points in all, to measure the

height of each point similarly to the embodiment described
previously. Then parallelism on the top surface of the chuck

table 42 is measured by calculating the distances between the

.
e

points and the heiéht difference. 1In case the result of
measurement shows a parallelism lower than a specified
criterion, the faulty state is notified to the operator by
lighting a warning lamp or sounding a buzzer. The measured
value of parallelism may also be fed back to position control
of the blade 58 during processing, thereby to carry out more
precise depth control with_the error in the configuration of
the chuck table 42 taken into consideration.

Moreover, although the position of the setup piece 86 is
made variable in the above embodiment in order to carry out
setup operation directly on the chuck table 42 without using
the setup stand 12 (refer to Fig.8) of the prior art, the
chuck table 42 may also be turned into a processing table
provided with a setup stand without providing a mechanism for
moving the setup piece 86 vertically, thereby to carry out
setup operation onto the setup stand similarly to the prior
art.

| As the contact driving means for moving the setup piece

86 vertically, a device other than the air cylinder 94, an oil
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-10- machi ne of the prior art. DETAI LED DESCRI PTI ON OF THE

PREFERRED EMBODI MENTS An enbodi nent of the dicing machi ne according
to the invention will now be described in detail below with reference to
Fig.1 through Fig.7. Fig.1 shows the dicing machine of this

enbodi nent schematically.
cylinder for instance, may be used.

The dicing machine of the invention is capable of improv-

ing the productivity.

CLAIMS

1. A dicing machine for dicing semiconductor wafers, which
are fixed on a processinj table, by means of a blade driven to
rotate by a spindle, comprising;

a contactor arranged at a position where it can contact .

the propéssing table; - 1—{:

a contactor holding mechanism which holds the contactor . - -, -.--

in suc&'a way as the contactor can move forward and bééggarégﬁ& o

along ‘the top surface of the processing table;

hélding mechanism moving means which brings the contactor - ... .

into cdntact with the top surface of the processing table by ... .. ...

+

controiling the position of the contactor holding mechani§m;g;¢;¢¥¢mgw

retracting distance detecting means which detects_the
amount of retraction of the contactor when it is brougﬁt into
contact with the top surface of the processing table by the
holding mechanism moving means; |

processing table position recognizing means which recog-
nizes the fop surface position of the processing table rela-

tive to the contactor, based on the amount of retraction
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As shown in the drawi ng, the dicing machine 30 has a stocker 32 where a
plurality of ﬂﬂﬁ“‘ fers are stored, a wafer feeder unit 34 which
carries out ‘mmmmu he sem conductor wafer fromand to the stocker
32, a dicing prrocéss®unit 36 which carries out dicing process of
sen1conductor wafers, a rinsing unit 38 which rinses processed

sem conductor_wafers, and a transfer |oader 40 which transfers the

senm condREY HISRIEIE HestRRAe: HBaVoPer usgdder unit 34, the dicing process

unit 36 and the rinsing unit 38 as indicated by arrow K Fig.2 shows
the dicing prthestichhy sachinetdfstheadhmgntion is capable of improv-

ing the productivity.

CLAIMS

1. A dicing machine for dicing semiconductor wafers, which
are fixed on a processing table, by means of a blade driven to
rotate by a spindle, comprising;

a contactor arranged at a position where it can contact
the processing table;

a contactor holding mechanism which holds the contactor
in such a way as the céntactor can move forward and backward
along the top surface of the processing table;

holding mechanism moving means which brings the contactor
into contact with the top surface of the processing table by
controlling the position of the contactor holding mechanism;

retracting distance detecting means which detects the
amount of retraction of the contactor when it is brought into
contact with the top surface of the processing table by the
holding mechanism moving means;

processing table position recognizing means which recog-
nizes the ﬁop surface position of the processing table rela-

tive to the contactor, based on the amount of retraction

25 is Sheet Has Been Reilaced
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X axis and Y ar to each other, are set in the horizontal
pl ane and Z aﬂlﬂlu vertical direction. As shown in Fig. 2,
the dicing pr a chuck table 42 whereon the sem conduct or
waf er (not shown) i s
detected by the retracting distance detecting means;
noncontacting measuring means which measures the relative
position of the contactor and the blade without making con-

tact; and

.
Sa
d

positional relationship recognizing means which recog-
nizes the positional relationship between the blade and the
top surface of the processing table, from the relative posi-
tion of the contactor and the blade measured by the noncon-
tacting measuring.means and the tép surface position of the-
processing table relative to the contactor which was recog-
nized by the processing table position recognizing means.
2. A dicing machine according to claim 1, wherein

fastening means which fastens the contactor holding
mechanism on the spindle is provided;

the holding mechanism moving means controls the position
of the contactor holding mechanism by moving the spindle; and

the contactor holding mechanism is provided with contac-
tor driving means which makes the contactor retract from the
blade during dicing process and makes the contactor protrude
beyond the blade when it is in contact with the processing
table.

3. A dicing machine according to claim 1, wherein

the noncontacting measuring means has an optical sensor
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plhaced. The chuck table 42 holds the sem conductor wafer by sucking air.

.The chuck table 42 . | an X axis table 44 and is driven to
rotate by a notor M{ﬁnﬁ)mgmgnﬂg'{mﬂ in the drawing. The X axis table 44
i s guided by a gui L 0 wove horizontally in X axis direction by
the rotation of a ball screw 48 driven by an X axis notor 46. The

dicing praocess unit 36 is also frovided Wth a Y axis table 56 which is
noved hd#ishC@berts, ay mghkeyileeates )y a refaxeRCAPEFiL20RNYiLhEYE|
screw 54. Fixed on the Y axis table 56 is a vertical notion nechani sm 66
whi ch mhe&dng oomtadite hbtmgared, off hat 1 iight dbeamdenkttadpentpl the 58, verti -
reference position which is set in a specified positional
relationship with the top surface of the processing table, and
measures the relatiﬁe position of the blade and the contactor
by detecting the blade and the contactor by means of the

optical sensor and determining the positions of the blade and

the contactor relative to the reference position.
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cally in Z axis direction by neans of a spindle vertical novenent notor
62, a ball screw 64 and others. As the spindle notor 60 is noved down by
the vertical notion nmechanism 66, the blade 58 cuts into the sem conduct or
waf er . Also fixed on the Y axis table 56 is a mcroscope 68 via a
fasteni ng menber 70. The m croscope 68 is used to get magnified views of
the top surface of the chuck table 42 and the surface of the sem conductor
waf er, ABBTRACG®ved vertical- |y in Z axis direction relative to the
fasteni ng nmenber 70 by a vertical notion nmechanismnot shown in the

drawi ng. Focufs pldwidd 4 N&ifihGoRECREnE8ChEaBYL USECInPYobhE YhE! ! Cal

nmot i on.
productivity.

The setup piece 86 is moved vertically by the air
cylinder 94, so tﬁht the bottom end thereof takes lower posi—'
tion and upper position relative to the blade 58. When the
spindle motor moves down so that the setup piece 86 makes
contact with the top surface of the chuck table, the setup
piece 86 moves and the traveling distance thereof is measured
by ﬁhe distance measuring instrument 102. Then the top sur-
face position of the chuck table relative to the setup piece
86 is determined from the measured value of the distance

measuring instrument 102.
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As shown in Fig.l, a laser sensor 72 used in setup is

-12- fixed on the X axis table 44. Fig.3 shows the structure of
the | aser sensor 72. As shown in this drawi ng, the | aser sensor 72
has a light emtter 74 for emtting |aser beam R a light receiver 76 and

F1G. 1

7NN

44 58 42 80 68 40
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mrrors 78a, 78b which guide the |aser beam R emitted fromthe |Iight
emtter 74 to the light receiver 76. The | aser sensor 72 is arranged so
‘that the laser beam R emtted fromthe light emtter 74 converges at a md
poi nt between the mrror 78a and the mrror 78b. The | aser sensor 72 is

al so arranged so that the blade 58 noves across the laser beamR at its.
converging point P as shown in Fig.3, so that the edge of the bl ade 58

and others is detected by using the change in the intensity of [|ight
received on the |ight receiver 76. In this enbodi ment, the spindle
notor 60 has a sensor nechanism 80 nmounted thereon to carry out setup
operation, as
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shown in Fig.1 and Fig. 2. Fig.4 through Fig.6 show the detailed
configuration of the sensor nechanism 80, Fig.4 showing the front view,
Fig.5 showing the rear view and Fig.6 showi ng the side view of the sensor
mechani sm 80. I n these drawi ngs, the spindle notor 60 and the bl ade 58 are
i ndi cated by alternate long and two short dashes lines to show the
assenbling rel ationship. The sensor nechani sm 80 has a substantially
L- shaped
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-13- support block 84 which is nmounted on the top and side of the
spindle notor 60 by means of bolts 82a, 82b, etc. A vertical notion
support 84a, located at the side of the spindle notor 60 on the support

bl ock 84, is provided with a setup piece 86 arranged at the | ower end

t her eof . The setup piece 86 is used in setup operation for the |aser
sensor 72 and the chuck table 42, simlarly to the prior art, and is
provided with a light interrupter 86a of thin

FIG. 4
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sheet configuration attached at the bottomthereof, as shown in the cross
section in Fig.5 of AAAline in Fig.4. The bottom surface of the light-
interrupter 86a is forned in a curved surface having a curvature simlar
to that of the periphery of the blade 58, as shown in Fig.4. In this
enbodi ment, the setup piece 86 is fixed at the bottomof two guide bars
88a, 88b as shown in the cross sec- tional view of Fig.4. These guide bars
88a, 88b are inserted into through holes 90a, 90b forned in the vertical
notion support 84a, respectively, thereby to vertically penetrate the
vertical notion support 84a. Arranged between steps forned at

from— -_—'ﬁ.
’
. .
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t he bottom of the through holes 90a, 90b and the top end surface of the
setup piece 86 are conpressed oil springs 91a, 91b, respectively, which
"force the setup piece 86 downward. At the top ends of the guide bars
88a, 88b, on the other -14- hand, a
| ocki ng menber 92 is fixed while an air cylinder 94 is

,,102
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fixed on the | ocking nmenber 92 as shown in Fig.6. The air cylinder 94 has
g cylinder body 96 having a pressure chanber (not shown) inside thereof, a
piston rod 98 linked at the top end thereof with a piston (not shown)
which is housed in the pressure chanber inside the cylinder body 96, and
an air supply port 100 which supplies conpressed air into the cylinder
body 96. The air supply port 100 is connected with air supplying neans
such as a punp or the like which is not shown in the draw ng. The
piston rod 98 is fixed at its bottomend on_ the support bl ock 84, so that
it does not nove relative to the

g |
O
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support bl ock 84 together with the piston pfovitet—ir—t+he—ey-ihrderhady.

J
- 96. Consequently, pneummtic pressure appli OREPLACEPISHERTSCt S g M
the cylinder body 96 verticall | eavi ng t ijistpn rod 98 remaini ng at
fosi HAPLACEMENT SHEE¥Se t$@ cylinder hody €SGriRtian; sypaged el-at foqpagbd p..Wi
tthheg” gedrdeiohapagRiBd.. td3 Phgad 2>t he | ockiTg 6laing®), drpayed§-60f ol daBed b
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ve vertically relative to the vertical not 70N Support—8%=-
DATE OF RECEIPT..2.9.0CT 1996 DICING MACHINE

------------

BACKGROUND OF THE INVENTION
The present invention relates to a dicing machine which

dices semiconductor wafers.

. Dicing process in the manufacture of semiconductor re-
quires precise control of the depth of a blade cutting into a
semiconductor wafer, in order to maintain stable‘quality of
processing. For this purpose, in a dicing machine, the height
of the top surface of the semiconductor wafer relative to the
blade is first recognized by means of an NC unit (numerical
control unit).or the like. Actually, however, setup operation
is first carried out to detect the position of the top surface
of a chuck table whereon the semiconductor wafer is placed,
because thickness of the semiconductor wafer is known in
advance. Then the thickness of the semiconductor wafer is
added to the top surface position of the chuck table which has
been detected, to determine the top surface position of the
sémiconductor wafer, thereby to control the blade position
relative to the semiconductor wafer.

In recent years, noncontacting setup operation is prac-
ticed wherein relative position of the chuck table and the
blade is recognized without bringing them into contact with

This is the replacement shaet
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- 15- However, stroke L (refer to Fig.4) of this vertical notion
Is limted by the | ocking nmenber 92 and the setup piece 86 naking contact
with the top end surface and the bottomend surface of the vertical potion

support 84a, respectively. In -2-

alen—

each other, in order to avoid damaging the blade.

Fig.s.schematically shows a part of a dicing machine of
the prior art which carries out noncontacting setup operation.

As shown in the drawing, the conventional dicing machine
has a setup stand 12 fixed on the chuck table 10, the setup
stand having a top surface 12a which is lower than the top
surface 10a of the chuck table 10. 2 spindle 16 which drives
the blade 14 to rotate as indicated'by an arrow has a touch
sensor 18 fixed thereon via a fastening member which is not
shown in the drawing. The touch sensor 18 switches on and off
as a top end 21a of a guide bar 21 which is linked with a
setup piece 20 touches a contact point 18a.

Because the touch sensor 18 has a very small response
range, a specified clearance a (0.3mm for instance) has been
provided between the contact point 18a and the top end 2la of
guide bar 21 in the prior art, in order to prevent such an
erroneous operation as switching by vibration. Also in the
vicinity of the chuck table 10, a laser.senso; 22 is installed
which detects a member (the blade 14, the setup piece 20 or
the like), which is located at the reference position, without
making contact by means of a laser beam 22a emitted at a
specified height (reference position) relative to the top

. surface 10a of the chuck table 10.

This is the replacement sheet.
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Fig.4 through Fig.6, the air cylinder 94 is in actuated state wth
conpressed air being supplied into the cylinder body 96, and the setup
piece 86 is |located at the uppernost position T by resisting the forces of
the coil springs 91a, 91b and contaciying the bottom surface of the
vertical notion support 84a. Wen tftre—air in the cylinder body 96 is
exhausted and accordingly the | ocking nenber 92 is forced down by the coi
springs 91a, 91b into contact with the top end of the vertical notion
support 84a, the setup piece 86 takes the | owernost position U as

I ndi cated by dashed line in Fig.4. Thi s enbodi ment is configured so
that, when the stfuphe conventional dicing machine, setup operation is

carried out as described below.

Bottom ends of the blade 14 and the setup piece 20 are
lowered successively to the position of the laser beam 22a
thereby to detect the height of the reference position rela-
tive to the blade 14 and the setup piece 20. Then the setup

’ piece 20 is brought into contact with a setup stand 12 and the
height of the top surface 12a of the setup stand 12 relative
to the setup piece 20 is detected through switching operation
of the touch sensor 18 under.this condition.

Upon completion of the setup operation described above,
then the height of the top surface 10a of the chuck table 10
relative to the blade 14 is determined from the positional
relations of the components which have been detected.

Specifically, vertical distance b between the top surface
12a of the setup stand 12 and the reference position is
determined first, then height difference c between the known_
top surface 12a and the top surface 10a of the chuck table 10
is added to the distance b (b+c), to determine the height of
the top surface 10a of the chuck table 10 relative to the
reference position. Actually, however, because the clearance
a exists between the touch sensor 18 and the setup piece 20,

dimension a is used as a correction value to calculate (b+c)+a
This is the replacement sheet
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pi ece 86 takes the uppernost position T, the bottomend there- of is
posi ti oned above the bottom position B of the blade 58 and, when the setup
pi ece 86 takes the |owernost position U the bottomend of the setup piece
86 is positioned below the bottom pasi-tion B of the bl ade 58. In the
sensor mechani sm 80 of this enbodi nents— on the other hand, the vertical '
notion support 84a is provided with a distance neasuring instrunment 102,
as shown in Fig.4. The

from which the height of the top surface 10a of the chuck
table 10 relative to the reference position is determined.
Because positional relétionship of the blade 14 and the
reference position has been recognized in the setup operation
described previously, the height of the top surface 10a of the
chuck table 10 felative to the blade 14 can be determined by
adding the value (b+c)+a to the height of the reference posi-
tion relative to the blade 14.

Then the cutting depth of the blade 14 is controlled
according to the height over the top surface 10a of the chuck
table 10 determined as described above.

In the conventional dicing machine, dimension of the
clearance a may be changed during maintenance service of the
touch sensor 18, and therefore it has been necessary to con-
firm the dimension of the clearance a every time maintenance
service is done. For example, dimension of the clearance a is
changed slightly (50 micrometers for instance) and trial
cutting is done on a plurality of dummy wafers thereby to
determine the proper dimension of clearance a.

This has been decreasing the operation efficiency and

causing adverse effect on the productivity.

SUMMERY OF THE INVENTION This is the replacement shaet
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-16- - di stance neasuring instrunent 102 consists mainly of a dis-

tance neasuring instrunment body 102a which is fixed by having part thereof
housed in the vertical notion support 84a, and a nmeasuring probe 102c
which is noved vertically relative tosthe distance neasuring instrunent
body 102a by contracting and elongatimg a bell ows-1|ike cover 102b.

The nmeasuring probe 102c is fixed at the bottomthereof on the top end
surface of the setup piece 86, so that it noves

In view of these problems, the present invention has a
purpose of providing a dicing machine which is capable of
improving the productivity.

The invention aécording to claim 1 achieves the purpose
with a dicing machine which dices a semiconductor wafer, which
is fixed on a processing table, by means of a blade driven to
rotate by a spindle, the dicing machine being provided with a
contactor arranged at a position where it can contact the
processing table, a contactor holding mechanism which holds
the contactor in such a way as the contactor can move forward
and backward relative to the top surface of the processing
table, holding mechanism moving means which brings the contac-
tor into contact with the top surface of the processing table
by controlling the position of the contactor holding
mechanism, retracting distance detecting means which detects
the amount of reaction of the contactor when it is brought
into contact with the top surface of the processing table by
the holding mechanism moving means, processing table position
recognizing means which recognizes the top surface position of
the processing table relative to . the contactor from tﬁe amount
of retraction detected by the retracting.distance detecting
means, noncontacting measuring means which measures the rela-
tive position of the contactor and the blade without making
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vertically in linkage with the setup piece 86. The distance neasuring

I nstrunent body 102a outputs an electrical signal that represents the

traveling distance of the neasuring probe 102c, nanely the traveling

di stance of the setup piece 86. As th@ distance nmeasuring instrunment 102,

for exanple, an electrical mcronmeter—or the |ike having a resolution of 1

m cronmeter or higher is used. The cover 102b is provided in order to

prevent coolant, which is supplied to the cutting point during cutting

operation, fromentering the inside of the distance nmeasuring instrunent

102. In this enbodi nent, driving operation of the drive unit,
contact, and positional relationship recognizing means which
recognizes the positional relationship between the blade and
the top surface of the processing tablé, from the relative
position of the contactor and the blade measured by the non-
contacting measuring means and the top surface position of the
processing table relative to the contactor which was recog-
nized by the processing table position recognizing means.

The invention according to claim 2 achieves the purpose
with a dicing machine of claim 1 which is further provided
with fastening means which fastens the contactor holding
mechanism onto the spindle, while the holding mechanism moving

- means controls the position of the contactor holding mechanism
by moving the spindle, and the contactor holding mechanism is
provided with contactor driving means which makes the contac-
tor retract from the blade during dicing operation and makes
the contactor protrude beyond the blade when it is in contact
with the processing table.

The invention according to claim 3 achieves the purpose
with a dicing machine of claim 1 wherein the noncontacting

. measuring means has an optical sensor which detects a member
located at a reference position without making contact, by

means of a light beam emitted onto the reference position

which is set in a specified positional relationship with the
This is the replacement sheet
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nanely the X axis notor 46, the Y axis notor 52 or the air cylinder 94 for
I nstance, is controlled by a control unit such as an NC unit which is not

shown in the drawing, and the position of each unit is recognized by the
control unit -7- -17- : t hrough a detection

signal of a position sensor, the nmeasurTng

top surface of the processing table, and measures the relative
position of the blade and the contactor by detecting the blade
and the contactor by means of the optical sensor and determin-
‘ing the posiiions of the blade and the contactor relative to
the reference position.

In the dicing machine according ﬁo claim 1, ;he holding
mechanism moving means controls the position of the contactor
holding_mechanism to bring the contactor into contact with the
top surface of the pfocessing table. This causes the contac-
tor to take the retracting position while the retraction
distance detecting means detects the retracting distance. The
processing table position recognizing means recognizes the top
surface position of the processing table relative to the
contactor from the rétracting distance detected by the retrac-
tion distance detecting means. The noncontacting measuring
means measures the relative position of the contactor and the
blade without making contact. The positional relationship
recognizing means recognizes the positional relationship
between ;he blade and the top surface of the processing table,
from the relative position of the contactor and the blade
which was measured by the noncontacting measuring means and
the top surface position of the processing table relative to
the contaﬁtor which was recognized by the processing table
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probe 102c or the |ike. Now t he setup operation in the enbodi nent
configured as described above will be described below In the description
that follows, it is assuned that conponents of the dicing mnachine 30
operate under the control of the cont8t unit not shown in the draw ng,
whi | e such description may be omtted in the foll ow ng. In the

di cing machi ne 30 of this enbodinent, the setup piece 86 is normally
driven by the air cylinder 94 to take the uppernost position T shown in
Fig.4 through Fig.6. Inthis initial state, when the control unit not

shown generates a
position recognizing means. Then the blade position is con-
trolled according to the positional relationship between the
blade and the processing table which has been recognized,
thereby to control the cutting depfh of the blade into a
semiconductor wafer which is fixed on the processing table.

In the dicing machine according to claim 2, the holding
mechanism moving means controls the position of the contactor
holding mechanism by moving the spindle. Dicing process of
the semiconductor wafer is carried out as the holding
mechanism moving means moves the spindle to a specified posi-
tion. During dicing operation, the contactor driving means
makes the contactor retract from the blade. When the holding
mechanism moving means brings the contactor into contact with
the top surface of the processing table, the contactor driving
means makes the contactor protrude beyond the blade. Through
these operations, the blade and the contactor do not interfere
with each other, even when the top surface of the processing
table on which the contactor is brought into contact and the
plane whereon the semiconductor wafer is fixed are flush. The
processing table position recognizing means recognizes the
position of the surface of the processing table on which the

.semiconductor wafer is fixed, namely the back surface of the

semiconductor wafer.
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setup start signal, setup operation by the sensor nechanism80 is started.
(Setup onto the top surface of the chuck table) First, air in the
cylinder body 96 is exhausted, thereby to nake the setup piece 86 of the
sensor mechani sm 80 nove down to the_owernost position U by the force of
the coil springs 91a, 91b. Then the—X—=axis notor 46 and the Y axis notor
52 nove the X axis table 44 and the Y axis table 56 to specified
positions, thereby to position the sensor nechanism 80 above the chuck
table 42. Then the spindle vertical drive notor 62 of the vertical

In the dicing machine according to claim 3, the noncon-
tacting measuring means detects the blade and the contactor by
means of the optical sensor and determines their positions
relative to the reference position, thereby to measure the

relative position of the blade and the contactor.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic plan view showing the entire
dicing machine according to an embodiment of the invention.

Figure 2 is an oblique view showing dicing processing
section of the above machine.

Figure 3 is a sectional side view showing the structure
of the laser sensor in the above machine in detail.

Figure 4 is a front view of thé sensor mechanism in the
above machine.

Figure 5 is a partially cutaway side view of the sensor
mechanism in the above machine.

Figure 6 is a fear view of the sensor mechanism in the
above machine.

Figure 7 is a front view showing schematically the posi-
tional relationship of components in the above machine.

Figure 8 is an explanatory drawing showing schematically

the positional relationship of components in the dicing
Thig is the replacement sheet
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- 18- noti on nechani sm 66 noves the spindle notor 60 downward, thereby
to bring the setup piece 86 of the sensor nmechanism80 into contact with
the top surface of the chuck table 42. At this tine, because the
bottom end of the setup piece -10-

machine of the prior art.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

An embodiment of the dicing machiﬂe acdording to the
~ invention will now be described in detail below with reference
to Fig.l1l through Fig.7.

Fig.1l shows the dicing machine of this embodiment
schematically.

As shown in the drawing, the dicing machine 30 has a
stocker 32 where a plurality of semiconductor wafers are
stored, a wafer feeder unit 34 which carries out and carries
in the semiconductor wafer from and to the stocker 32, a
dicing process unit 36 which carries out dicing process of
semiconductor wafers, a rinsing unit 38 which rinses processed
semiconductor wafers, and a transfer loader 40 which transfers
the semiconductor wafers between the wafer feeder unit 34, the
dicing process unit 36 and the rinsing unit 38 as indicated by ,
arrow K.

Fig.2 shows the dicing process unit 36. In this drawing,
X axis and Y axis, perpendicular to each other, are set in the
horizontal plane and Z axis is set in the vertical direction.

As shown in Fig.2, the dicing process unit 36 has a chuck
table 42 whereon the semiconductor wafer (not shown) is
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86 is positioned below the blade 58 in this enbodinent, only the setup
pi ece 86 contacts the chuck table 42 wi thout having the blade contacting
the top surface of the chuck table 42. When the setup piece 86
contacts the chuck table 42, the setyp-piece 86 noves (upward) relative to
the vertical notion support 84a agarmst—the forces of the coil springs
9l1a, 91b by the distance the spindle notor 60 noves down. On the other
hand, the control unit not shown nonitors the output given by the distance
measuring instrument 102 at this tine, thereby to check to see whether the
setup piece 86 contacts the chuck table 42 or not.
placed. The chuck table 42 holds the semiconductor wafer by
sucking air. The chuck table 42 is also fixed on an X axis
table 44 and is driven to rotate by a motor which is not shown
in the drawing. The X axis table 44 is guided by a guide rail
50 to move horizontally in X axis direction by the rotation of
a ball screw 48 driven by an X axis motor 46.
The dicing process unit 36 is also provided with a Y axis
table 56 which is moved horizontally in Y axis direction by a
Y axis motor 52 and a ball screw 54. Fixed on the Y axis
table 56 is a vertical motion mechanism 66 which moves a
spindle motor 60, that drives a disk-shaped blade 58, verti-
cally in Z axis direction by means of a spindle vertical
movement motor 62, a ball screw 64 and others. As the spindle
motor 60 is moved down by the vertical motion mechanism 66,
the blade 58 cuts into the semiconductor wafer.
Also fixed on the Y axis table 56 is a microscope 68 via
a fastening member 70. The microscope 68 is used to get
magnified views of the top surface of the chuck table 42 and
the surface of the semiconductor wafer, and is moved vertical-
ly in Z axis direction relative to the fastening member 70 by
a vertical motion mechanism not shown in the drawing. Focus-

ing of the microscope 68 is adjusted by this vertical motion.

As shown in Fig.1l, a laser sensor 72 used in setup is
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When a signal Corresponding to the traveling distance of the setup piece
86 is output fromthe distance neasuring instrunent 102, the control unit
not shown stops the downward novenent of the spindle notor 60 and

recogni zes the traveling distance of-12he setup piece 86. Then the control
unit sub- tracts the traveling distance of the setup piece 86 which has
been recogni zed fromthe dowward novi ng di stance of the spindle notor 60,
thereby to determ ne the height at which the

fixed on the X axis table 44.

Fig.3 shows the structure of the laser sensor 72.

As shown in this drawing, the laser sensor 72 has a light
emitter 74 for emitting laser beam R, a light receiver 76 and
mirrors 78a, 78b which guide the laser beam R emitted from the
light emitter 74 to the light receiver 76. The laser sensor
72 is arranged so that the laser beam R emitted from the light
emitter 74 converges at a mid point between the mirror 78a and
the mirror 78b. The laser sensor 72 is also arranged so that
the blade 58 moves across the laser beam R at its.converging
point P as shown in Fig.3, so that the edge of the blade 58
and others is detected by using the change in the intensity of
light received on the light receiver 76.

In this embodiment, the spindle motor 60 has a sensor
mechanism 80 mounted thereon to carry out setup operation, as
shown in Fig.l1 and Fig.2.

Fig.4 through Fig.6 show the detailed configuration of
the sensor mechanism 80, Fig.4 showing the front view, Fig.5
showing the rear view and Fig.6 showing the side view of the
sensor mechanism 80. In these drawings, the spindle motor 60
and the blade 58 are indicated by alternate long and two short
dashes lines to show the assembling relationship.

The sensor mechanism 80 has a substantially L-shaped
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-19- light interrupter 86a nakes contact with the chuck table 42.
That is, top surface height of the chuck table 42 relative to the setup
pi ece 86 is determ ned. (Setup to the reference positi-on) When t he
top surface height of the chuck tableid2 is determ ned, the spindle notor
60 is noved upward to a height where=tte [ight interrupter 86a departs
fromthe chuck table 42. Then by noving the X axis table 44 and the Y

t abl e 56
support block 84 which is mounted on the top and side of the
spindle motor 69 by means 6f bolts 82a, 82b, etc. A vertical
motion support 84a, located at the side of the spindle motor
60 on the support block 84, is provided Qith a setup piece 86
arranged at the lower end thereof.

The setup piece 86 is used in setup operation for the
laser sensor 72 and the chuck table 42, similarly to the prior
art, and is provided with a light interrupter 86a of thin
‘sheet configuration attached at the bottom thereof, as shown
in the cross section in Fig.5 of A-A line in Fig.4. The
bottom surface of the light interrupter 86a is formed in a
curved surface having a curvature similar to that of the
periphery of the blade 58, as shown in Fig.4.

In this embodiment, the setup piece 86 is fixed at the
bottom ofltwo guide bars 88a, 88b as shown in the cross sec-
tional view of Fig.4. These guide bars 88a, 88b are inserted
into through holes 90a, 90b formed in the vertical motion
support 84a, respectively, thereby to vertically penetrate the
vertical motion support 84a. Arranged between steps formed at
the bottom of the through holes 90a, 90b and the top end
‘'surface of the setup piece 86 are coméressed oil spfings 91a,
S1ib, fespectively, which force the setup piece 86 downward.

At the top ends of the guide bars 88a, 88b, on the other
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again, the setup piece 86 is positioned right above the |ight converging
point P (refer to Fig.3) in the |aser sensor 72, thereby to nove down the
spindl e notor 60 again. This causes the bottomend of the setup piece 86
noves down to the height of the | asetgbeam R, the hei ght being detected by
the | aser sensor 72. \Wen the bottomremd of the setup piece 86 is

detected by the | aser sensor 72, the control unit not shown stops the
downward nmovenent of the spindle notor 60 and, at the sane tine,

recogni zes the height of the |aser beam R relative to the setup piece 86,
nanely the height of the reference position, fromthe position of the

spindle ”Dtﬁéné? a locking member 92 is fixed while an air cylinder 94 is
fixed on the locking member 92 as shown in Fig.6. The air
cylinder 94 has a cylinder body 96 having a preﬁsure chamber
(not shown) inside thereof, a piston rod 98 linked at the top
end thereof with a piston (not shown) which is housed in the
pressure chamber inside the cylinder body 96, and an air
supply port 100 which supplies compressed air into the
cylinder body 96. The air supply port 100 is connected with
air supplying means such as a pump or the like which is not
shown in the drawing.

The piston rod 98 is fixed at its bottom end on the
support block 84, so that it does not move relative to the
support block 84 together with the piston provided in the
cylinder body 96. Consequently, pneumatic pressure applied
onto the piston acts to move the cylinder body 96 vertically
leaving the piston rod 98 remaining at the position. Also
because the cylinder body 96 is in fixed relationship with the
guide bars 88a, 88b via the locking member 92, driving of the
air cylinder 94 results in a vertical movement of the setup
‘piece 86. That is, driving of the air éylinder 94 causes the

. cylinder body 96, the locking member 92, the guide bars 88a,
- 88b and the setup piece 86 as a whole to move vertically
relative to the vertical motion support 84a.
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this time. (Calculation of the top surface height of the chuck table 42
relative to the reference position) Fig.7 schematically shows the
positional relationships of - 20-

-15-

However, stroke L (refer to Fig.4) of this vertical
motion is limited by the loéking member 92 and the setup piece
86 making contact with the top end surface and the bottom end
surface of the vertical potion support 84a, respectively. 1In
Fig.4 through Fig.6, the air cylinder 94 is in actuated state
with compressed air being supplied into the cylinder body 96,
and the setup piece 86 is iocated at the uppermost position T
by resisting the forces of the coil springs 91a, 91bland
contacting the bottom surface of the vertical motion sﬁpport
84a. When the air in the cylinder body 96 is exhausted and
accordingly the locking member 92 is forced down by the coil
springs 81a, 91b into contact with the top end of tﬁe vertical
motion support 84a, the setup piece 86 takes the lowermost
position U as indicated by dashed line in Fig.4.

This embédiment is configured so that, when the setup
piece 86 takes the uppermost position T, the bottom end there-
of is positioned above the bottom position B of the blade 58
and, when the setup piece 86 takes the lowermost position U,
the bottom end of the setup piece 86 is positioned below the
bottom position B of the blade 58.

In the sensor mechanism 80 of this emboaiment; on the
other hand, the vertical motion support 84a is provided with a

distance measuring instrument 102, as shown in Fig.4. The
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t he conponents of the dicing machi ne 30. When the reference position
and the height of the top surface of the chuck table 42 relative to the
setup piece 86 are determ ned as descri bed above, the control unit not
shown determ nes, fromthe travel ingdi stance of the spindle fiotor 60 in
Z axis direction, the distance d (refer—to Fig.7) between the reference
position and the top surface of the <chuck table 42 in Z axis direction.
When the distance d is calculated, the setup piece 86 is noved up to the
uppernost position T again by the air cylinder 94 and each conponent is
returned to its hone position, to

distance measuring instrument 102 consists mainly of a dis-
tance measuring instrument body 102a which is fixed by having
part thereof housed in the vertical motion support 84a, and a
measuring probe 102c which is moved vertically relative to the
distance measuring instrument body 102a by contracting and
elongating a bellows-like cover 102b.

The measuring probe 102c is fixed at the bottom thereof
on the top end surface of the setup piece 86, so that it moves
vertically in linkage with the setup piece 86. The distance
measuring instrument body 102a outputs an electrical signal
that represents the traveling distance 6f the measuring probe
.102¢c, namely the traveling distance of the setup piece 86. As
the distance measurihg instrument 102, for example, an
electrical micrometer or the like having a resolution of 1
micrometer or higher is used. The cover 102b is provided in
order to prevent coolant, which is supplied to the cutting
point during cutting operation, from entering the inside of
the distance measuring instrument 102.

In this embodiment, driving operation of the drive unit,
namely the X axis motor 46, the Y axis motor 52 or the air
cylinder 94 for instance, is controlled by a control unit such
as an NC unit which is not shown in the drawing, and the
position of each unit is recognized by the control unit
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conpl ete the setup operation upon generation of the setup conplete signal.
On the other hand, the height of the reference position relative to the

bl ade 58 is determ ned by noving down the spindle notor 60 to right above
t he converging point P and detectinglhe bottom of the blade 58 with the
‘laser sensor 72. Thus, similarly to the prior art, the distance d is added
to the height of reference position relative to the blade 58 thereby to
calculate the top surface position of the chuck table 42 relative to the
bl ade 58. During dicing process, cutting depth of the blade 58 is

through a detection signal of e position sensor, the measuring
probe 102c or the like.

Now the setup operation in the embodiment configured as
described above will be described below. In the description
that follows, it is assumed that components of the dicing
machine 30 operate under the control of the control unit hot
shown in the drawing, while such description may be omitted in
the following.

In the dicing machine 30 of this embodiment, the setup
piece 86 is normally driven by the air cylinder 94 to take the
uppermost position T shown in Fig.4 through Fig.6. In this
initial state, when the control unit not shown generates a
setup start signal, setup operation by the sensor mechanism 80
is started.

(Setup onto the top surface of the chuck table)

First, air in the cylinder body 96 is e#hausted, thereby
to make the setup piece 86 of the sensor mechanism 80 move
down to the lowermost position U by the force of the coil
springs 91a, 91b. Then the X axis motor 46 and the Y axis
motor 52 move the X axis table 44 and the Y axis table 56 to
specified positions, thereby to position the sensor mechanism
80 above the chuck table 42.

Then the spindle vertical drive motor 62 of the vertical
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controlled according to the top surface position of the chuck

-21- table 42 determned in the above processes. As descri bed
above, in the dicing machine 30 of this enbodi nent, contact between the
setup piece 86 and the chuck table 4218-s detected by neans of an anal og

signal correspond-

motion mechanism 66 moves the spindle motor 60 downward,
thereby to bring the setup piece 86 of the sensor mechanism 80
into contact with the top surface of the chuck table 42.

At this time, because the botﬁom end of the setup piece
86 is positioned below the biade 58 in this embodiment, only
the setup piece 86 contacts the chuck table 42 without having
the blade contacting the top surface of the chuck table 42.

When the setup piece 86 contacts the chuck table 42, the
setup piece 86 moves (upward) relative to the vertical motion
support 84a against the forces of the coil springs 91a, 91b by
the distance the spindle motor 60 moves down. On the other
hand, the control unit not shown monitors the output given by
the distance measuring instrument 102 at this time, thereby to
check to see whether the setup piece 86 contacts the chuck
table 42 or not.

. When a signal corresponding to the traveling distance of
the setup piece 86 is output from the distance measuring
instrument 102, the control unit not shown stops the downward
movement of thg spindle moﬁor 60 and recognizes the traveling
distance of the setup piece 86. Then the control unit sub-
tracts the traveling distance of the setup piece 86 which has
been recognized from the downward moving distance of the

spindle motor 60, thereby to determine the height at which the

This is the replacement sheet

Date: 94 l {0 (“1(,



ing to the traveling distance of the setup piece 86 obtained fromthe

di stance neasuring instrunent 102, and therefore the correction val ue
(clearance a) is not necessary unlike the prior art. Thus because there is
no need to check the correc- tion valuyg after maintenance service, the '
I nvention provides a higher operatien—efficiency and i nproves the
productivity over that of the prior art. In the dicing nmachi ne of

t hi s enbodi ment, because the setup piece 86 is driven by the air cylinder
94 to take the upper position (uppernost position T) and the | ower

position (lowernost position U relative to the bottomend of the bl ade

light interrupter 86a makes contact with the chuck table 42.
That is, top surface height of the chuck table 42 relative to
the setup piece 86 is determined.

(Ssetup to the reference position)

When the top surface height of the chuck table 42 is
determinéd, the spindle motor 60 is moved upward to a height
where the light interrupter 86a departs from the chuck table
42. Then by moving the X axis table 44 and the Y table 56
again, the setup piece 86 is positioned right above the light
converging point P (refer to Fig.3) in the laser sensof 72,
thereby to move down the spindle motor 60 again. This causes
the bottom end of the setup piece 86 moves down to the height
of the laser beam R, the height being detected by the laser
sensor 72. When the bottom end of the setup piece 86 is
detectéd by the laser sensor 72, the control unit not shown
stops the downward movement of the spindle motor 60 and, at
the same time, recognizes the height of the laser beam R
relative to the setup piece 86, namely the height of the
reference position, from the position of the spindle motor at
this time.

(Ca}culation of the top surface height of the chuck table 42
relative to the reference position)

Fig.7 schematically shows the positional relationships of
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58, the setup piece 86 and the bl ade 58 can be prevented from interfering
each other during setup onto the chuck table 42 and during dicing
operation. Therefore, while a setup stand 12 having a height different
fromthat of the top surface 10a ' of Ehe chuck table 10 has been necessary
in the prior art in order to prevenﬁ-ﬂh{erference bet ween the setup piece
20 and the blade 14, this enbodi nent makes it possible to carry out setup
operation directly on the top surface of the chuck table

the components of the dicing machine 30.

When the reference positioﬁ and the height of the top ‘
surface of the chuck table 42 relative to the setup piece 86
are determined as described abové, the control unit not shown
determines, from the traveling distance of the spindle motor
60 in Z axis direction, the distance d (refer to.Fig.7)
between the reference position and the top surface of the
chuck table 42 in 2 axis direction.

When the distance d is calculated, the setup piece 86 is
moved up to the uppermost position T again by the air cylinder
94 and each component is returned to i£s home position, to
complete the setup operation upon generation of the setup
complete sicnal.

On the other hand, the height of the reference position
relative to the blade 58 is determined by moving down the
spindle motor 60 to right above the converging point P and
detecting the bottom of the blade 58 with the laser sensor 72.
Thus, similarly to the prior art, the distance d is added to
the height of reference position relative to the blade 58
thereby to calculate the top surface position of the chuck
table 42 relative to the blade 58.

During dicing process, cutting depth of the blade 58 is

controlled according to the top surface position of the chuck
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-22- 42 without using the setup stand 12. Thus it is not necessary

to make cal cul ation of (b+c) with the height difference bet ween the setup
stand 12 and the chuck table 10 taken into consi deration, and the

manuf acturi ng cost of the machine cany;- be reduced corresponding to the
elimnation of the setup stand 12. Al t hough setup operation is
carried out by neans of a

table 42 determined in the above processes.

As described above, in the dicing machine 30 of this
embodiment, contact between the setup piece 86 and the chuck
table 42 is detected by means of an analog signal correspond-
ing to the traveling distance of the sgtup piece 86 obtained
from the distance measuring instrument 102, and therefore the
correction value (clearance a) is not necessary unlike the
prior art. Thus because there is no need to check the correc-
tion value after maintenance service, the invention provides a
higher operation efficiency and improves the productivity over
that of the pribr art.

In the dicing machine of this embodiment, because the
setup piece 86 is driven by the air cylinder 94 to take the
upper position (uppermost position T) and the lower position
(lowermost poéition U) relative to the bottom end of the blade
58, the setup piece 86 and the blade 58 can be prevented from
interfering each other during setup onto the chuck table 42
and during dicing operation. Therefore, while a setup stand
12 having a height different from that of the top surface 10a
of the chuck table 10 has been necessary in the prior art in
order to prevent interference between the setup piece 20 and
the blade 14, this embodiment makes it possible to carry out

setup operation directly on the top surface of the chuck table
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servo systemin the vertical notion nmechanism 66 with the sensor nechani sm
80 being fixed on the spindle motor 60 in the above enbodi ment, other

vertical notion nmeans may al so be enpl oyed. In the vertical notion
nmechani sm not shown in the draw ingy,of the mcroscope 68, for exanple,
because a pulse notor or the like is—tsed for its driving source to
recogni ze the position of the mcroscope 68, vertical notion of the mcro-

scope 68 may be used in the setup operation. Specifically, the sensor
mechanism 80 is installed so that the setup piece 86 protrudes beyond the

bottom end of the m croscope 68 and
42 without using the setup stand 12. Thus it is not necessary

to make calculation of (b+c) with the height difference
between the setup stand 12 and the cﬁuck table 10 taken into
consideration, and the manufacturing cost of the machine can
be reduced corresponding to the elimination of the setup stand
12.

Although setup operation is carried out by means of a
servo system in the vertical motioﬂ mechanism 66 with the
sensor mechanism 80 being fixed on the spindle motor 60 in the
above embodiment, other vertical motion means may also be
employed.

In the vertical motion mechanism, not shown in the draw-
ing, of the microscope 68, for example, because a pulse motor
or the like is used for its driving source to recognize the
position of the microscope 68, vértical motion of the micro-
scope 68‘may be used in the setup operation. Specifically,
the sensor mechanism 80 is installedlso that the setup piece
86 protrudes beyond the bottom end of the microscope 68 and
the setup piece 86 is brought into contact with the top sur-
face of the chuck table 42 or the laser beam R of the laser
sehsor 72 is interrupted similarly to the setup operation
described previously. Then the reference position recognized

in terms of the Z axis coordinate in the vertical motion
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the setup piece 86 is brought into contact with the top sur- face of the
chuck table 42 or the |laser beamR of the |laser sensor 72 is interrupted
simlarly to the setup operation described previously. Then the reference
position recognized in terns of the axis coordinate in the vertical

not i on -23-  _ o3

mechanism of the microscope 68 and the top surface position of
the chuck table 42 are used to determine the distance z of
these in Z axis direction. And the distance z thus determined
is added to the reference position relative to the blade 58
which was recognized in terms of Z axis coordinate of the
vertical motion mechanism 66, thereby to obtain the top sur-
face position of the chuck table 42-relative to the blade 58.

In case the microscope 68 is provided with the sensor
mechanism 80, adverse effect of vibration of the spindle motor
60 or the like on the sensor mechanism 80 can be prevented.
Also because the microscope 68 is located apart from the
cuttlng point, there occurs no adverse effect of the coolant
on the sensor mechanism 80. This eliminates the need for the
cover 102b and allows for simpler structure of the distance
measuring instrument 102.

Although the setup piece 86 is brought into contact with
the chuck table 42 at one point during setup onto the top
surface of the chuck table 42 in the above embodiment, the
setup piece 86 may also be brought into contact with the chuck
table 42 at a plurality of points thereof, in order to
automatically measure the parallelism of the chuck table 42.
For example, the setup piece 86 is brought into contact with

the chuck table 42 at four points along the circumference and
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mechani sm of the mcroscope 68 and the top surface position of the chuck
table 42 are used to determne the distance z of these in Z axis
‘direction. And the distance z thus determned is added to the reference
position relative to the blade 58 whigh was recognized in terms of Z axis
coordinate of the wvertical notion ne +sm 66, thereby to obtain the top
sur- face position of the chuck table 42 relative to the bl ade 58.

In case the mcroscope 68 is provided with the sensor nechani sm 80,
adverse effect of vibration of the spindle notor 60 or the |ike on the
sensor mechani sm 80 can be prevented. Al so because the m croscope 68 is

l'ocated apaidnel p@AntN8t the center, five points in all, to measure the
height of each pbint similarly to the embodiment described
previously. Then parallelism on the top surface of the chuck
table 42 is measured by calculating the distances between the
points and the height difference. 1In case the result of
measurement shows a parallelism lower than a specified
criterion, the faulty state is notified to the operator by
lighting a warning lamp or sounding a buzzer. The measured
value of parallelism may also be fed back to position control
of the blade 58 during procéssing, thereby to éarry_out more
precise depth control with the error in the configuration of
the chuck table 42 taken into consideration.

Moreover, although the position of the setup piece 86 is
made variable in the above embodiment.in order to carry out
setup operation directly on the chuck table 42 without using
the setup stand 12 (refer to Fig.8) of the prior art, the
chuck table 42 may also be turned into a processing table
provided.with a setup stand without providiﬁg a mechanism for
moving the setup piesce 86 vertically, thereby to carry out
setup operation onto the setup stand similarly to the prior
art.

As the contact ariving means for moving the setup piece

86 vertically, a device other than the air cylinder 94, an oil
This is the replacement sheet
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cutting point, there occurs no adverse effect of the coolant on the sensor
mechani sm 80. This elimnates the need for the cover 102b and allows for
sinpler structure of the distance neasuring instrunment 102. Al t hough
the setup piece 86 is brought into contbgct with the chuck table 42 at one
poi nt during setup onto the top surface—of the chuck table 42 in the above
enbodi nent, the setup piece 86 nay al so be brought into contact with the
chuck table 42 at a plurality of points thereof, in order to

automatically neasure the parallelismof the chuck table 42. For exanple,

the setup pi (ic,e 86 1 s brought into contact with
cylinder for instance, may be used.

The dicing machine of the invention is capable of improv-

ing the productivity.
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the chuck table 42 at four points along the circunference and
.- 24- one point at the center, five points in all, to neasure the
hei ght of each point simlarly to the enbodi nent descri bed previously.

Then parallelismon the top surface of .the chuck
-26-

CLAIMS

1. 24 dicing machine for dicing semiconductor wafers, which

are fixed on a processing table, by means of a blade driven to
" rotate by a spindle, comprising;

a contactor arranged at a position where it can contact
the processing table;

a contactor holding mechanism which holds the contactor
in such a way as the contactor can move forward and backward
along the top surface of the processing table;

holding mechanism moving means which brings the contactor
into contact with the top surface of the processing table by
controlling the position of the contactor holding mechanism;

retracting distance detecting means which detects the
amount of retraction of the contactor when it is brought into
contact with the top surface of the processing table by the
holding mechanism moving means;

processing table position recognizing means which recog-

nizes the top surface position of the processing table rela-

tive to the contactor, based on the amount of retraction
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table 42 is measured by cal cul ating the distances between the points and
the height difference. In case the result of neasurenent shows a
parallelismlower than a specified criterion, the faulty state is notified
to the operator by I|ighting a warningyyanp or sounding a buzzer. The
measured value of parallelismnmy alse—e fed back to position control of
the bl ade 58 during processing, thereby to carry out nore precise depth
control with the error in the configuration of the chuck table 42 taken

i nt o consi derati on. Mor eover, al though the position of the setup
piece 86 is made variable in the above enbodinent in order to carry out

detected by the retracting distance detecting means;

noncontacting measuring means which measures the relative
position of the contactor and the blade without making con-
tact; and

positional relationship recognizing means which recog-
nizes the positional relationship between the blade and the
top surface of the processing table, from the relative posi-
tion of the contactor and the blade measured by the noncon-
tacting measuring means and the top surface position of the"
processing table relative to the contactor which was recog-
nized by the processing table position recognizing means.

2. A dicing machine according to claim 1, wherein

fastening means which fastens the contactor holding
mechanism on the spindle is provided; .

the holding mechanism moving means controls the position
of the contactor holding mechanism by moving the spindle; and

the contactor holding mechanism is provided with contac-
tor driving means which makes the contactor retract fiom the
blade during dicing process and makes the contactor protrude

beyond the blade when it is in contact with the processing

table.
3. A dicing machine according to claim 1, wherein

the noncontacting measuring means has an optical sensor
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setup operation directly on the chuck table 42 wi thout using the setup
stand 12 (refer to Fig.8) of the prior art, the chuck table 42 nay al so be
turned into a processing table provided with a setup stand w t hout
provi di ng a nmechani sm for nnving-the_§ tup piece 86 vertically, thereby to
carry out setup operation onto the se%gp-stand simlarly to the prior
art. As the contact driving neans for noving the setup piece 86
vertically, a device other than the air cylinder 94, an oil :
which detects a member located at a reference position without
making contact by means of a light beam emitted onto the
reference position which is set in a specified positional
relationship with the top surface of the processing table, and
measures the relative position of the blade and the contactor
by detecting the blade and the contactor by means of the

optical sensor and determining the positions of the blade and

the contactor relative to the reference position.
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- 25- cylinder for instance, may be used. The di ci ng machi ne of
the invention is capable of inprov- ing the productivity.

=29~

/DICING MACHINE

ABSTRACT

To provide a dicing machine capable of improving the
productivity.

The setup piece 86 is moved vertically by the air
cylinder 94, so that the bottgm_end thereof takes lower posi—'
tion and upper position relative to the blade 58. When the
spindle motor moves down so that the setup piece 86 makes
contact with the top surface of the chuck table, the setup
piece 86 moves and the traveling distance thereof is measured
by the distance measuring instrument 102. Then the top sur-
face position of the chuck table relative to the setup piece
86 is determined from the measured value of the distance

measuring instrument 102.

Fig. 4
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CLAI V5 1. A dicing machine for dicing sem conductor wafers, which are
fixed on a processing table, by neans of a blade driven to rotate by a
spindl e, conprising; a contacgfj arranged at a position where it can
cont act t he processing table; ——a contactor hol di ng mechani sm whi ch
hol ds the cont act or In such a way as the contactor. can nove forward and
backwar d
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relative to the top surface of the processing table; hol di ng

mechani sm novi ng means whi ch brings the contactor into contact with the
top surface of the processing table by controlling the position of the
contactor hol di ng nechani sm reldacting di stance detecting nmeans

whi ch detects the anmount of retraction of the contactor when it is brought
into contact with the top surface of the processing table by the hol ding
mechani sm novi ng neans; processi ng tabl e position recognizing neans
whi ch recog- nizes the top surface position of the processing table rel a-
tive to the contactor, based on the anmount of retraction
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detected by the retracting di stance detecting neans; noncont acti ng
nmeasuri ng nmeans whi ch neasures the relative position of the contactor and
t he bl ade wi thout making con- tact; and positional relationship
recogni zi ng means whi ch recog- -3-

76 i}
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ni zes the positional relationship between the blade and the top surface of’
the processing table, fromthe relative posi- tion of the contactor and

t he bl ade neasured by the noncon- tacting neasuring nmeans and the top
surface position of the processing tafte relative to the contactor which
was recog- nized by the processing table position recognizing nmeans. 2. A
di ci ng machi ne according to claim1, wherein fasteni ng neans which
fastens the contactor holding nmechanismon the spindle is provided,

t he hol di ng nmechani sm novi ng neans controls the position of the contactor
hol di ng mechani sm by noving the spindle; and
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the contactor hol ding nechanismis provided with contac- tor driving neans
whi ch nmakes the contactor retract fromthe blade during dicing process and
makes the contactor protrude beyond the blade when it is in contact with
the processing table. 3. A dicing n&hine according to claim1, wherein

t he noncontacting nmeasuring neans has an optical sensor
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- 28- whi ch detects a nenber |ocated at a reference position wthout
maki ng contact by neans of a light beamemtted onto the reference
position which is set in a specified positional relationship with the top
surface of the processing table, andgneasures the relative position of the
bl ade and the contactor by detectimg—the bl ade and the contactor by neans
of the optical sensor and determ ning the positions of the blade and the
contactor relative to the reference position.
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+* CLAIMS

1. A dicing machine for dicing semiconductor wafers, which
are fixed on a processing table, by means of a blade driven to

rotate by a spindle, comprising;

2 contactor arranged at a position where it can contact

. the processing table;

a contactor holding mechanism which holds the contactor

in such a way as the contactor can move forward and backward

relative to the top surface of the processing table;

holding mechanism moving means which brings the contactor
1nto contact with the top. surface of the processzng table by
controlllng the p051tlon of the contactor holdlng mechanism;
retracting dlstance detectlng means whlch detects the
ﬁmount of:retractlon of the contactor when 1t ;s brought into
_COAtéct with the top_gurfa¢e of:thé:prOCeséiné table by the
- holding mechanism moving means;
- _'—processing table position recognizing means which recog-

nizes the top surface position of the p_r-écessing table rela-

tive to the contactor, based on the amount of retraction
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