PROCESSI NG APPARATUS

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a processing
apparatus that processes a workpi ece.

Description of the Related Art

A processing apparatus i s equi pped with an i mgi ng
unit for alignnment. By positioning a reference |line of a
m croscope of the imaging unit onto a planned processing
line called a street on a workpi ece, the workpiece is
processed along the street. In this case, in contro
means of the processing apparatus, a target pattern on
t he workpi ece, the distance fromthe target pattern to
the center of the street, the distance between the
streets (index value), and so forth are registered in
advance. Then, the reference line of the mcroscope is
positioned onto the center of the street by finding the
target pattern on the workpiece by the m croscope.

Furthernore, in processing, work of adjusting the
reference line of the mcroscope of the imaging unit to
the center line of processing neans, so-called hairline
adjustnent, is executed (for exanple, refer to Japanese

Pat ent Lai d-open No. 2012-146831). In the hairline



adj ustnent, a processed groove is formed on a surface of
the workpi ece and is imged, and the deviation of the
reference line of the mcroscope fromthe centra
position of the processed groove is cal cul at ed.

Furt hernore, because the deviation between the centra
position of the processed groove and the reference |ine
of the m croscope appears as the deviati on between the
processi ng neans and the m croscope, the position at

whi ch the central position of the processed groove is
made to match the reference Iine of the mcroscope is
stored in the control nmeans as the position of the origin

t hrough use of this deviation as a correction anount.

SUVMARY OF THE | NVENTI ON

Incidentally, when the processing of the workpiece
I's continued, a deviation begins to occur in the
positional relationship between the central position of
t he processing neans and the reference |ine of the
m croscope. Therefore, the processing is tenporarily
suspended, and hairline adjustnent is executed in sone
cases. In the case of manually executing the hairline
adjustnent, the position of the reference |ine of the
m croscope needs to be adjusted to the central position

of the | atest processed groove at the tine of suspension



of the processing. If a quality check or the Iike of
pl ural processed grooves is executed and the sight of the
| at est processed groove is |lost before the execution of
the hairline adjustnent, possibly the hairline adjustnent
and so forth are executed wi th anot her processed groove
acci dental ly.

Thus, an object of the present invention is to
provi de a processing apparatus with which always the
| at est processed groove can be recogni zed w t hout | osing
the sight of the |atest processed groove.

In accordance with an aspect of the present
invention, there is provided a processi ng apparat us
i ncluding: a chuck table that holds a workpiece; a
processing unit that forns a processed groove in the
wor kpi ece held by the chuck table; a processing feed
mechani smthat relatively noves the chuck table and the
processing unit in a processing feed direction that is an
X-axis direction; an indexing feed nmechani smt hat
rel atively noves the chuck table and the processing unit
in an indexing feed direction that is a Y-axis direction
per pendi cular to the processing feed direction; an
i magi ng unit that images the workpiece held by the chuck
table; a display unit that displays a captured i nage of a

processed groove obtained by inmaging, by the inmaging unit,
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t he processed groove forned through processing the

wor kpi ece by the processing unit; and a control unit. The
control unit includes a | atest processed groove Y-
coordinate storing part that stores a Y-coordinate of a

| at est processed groove and a display control part that
causes a mark that indicates the | atest processed groove
based on the Y-coordinate to be displayed in a

superi nposed manner on the captured i mage di spl ayed on
the display unit.

According to this configuration, the mark that
i ndicates the | atest processed groove is displayed on the
captured inage in a superinposed manner by the display
unit. Because the |atest processed groove is indicated by
the mark on the captured inage, it is possible to cause
the operator to al ways recogni ze the position of the
| at est processed groove. Furthernore, the sight of the
| at est processed groove is not |ost even when the inmaging
unit is noved and a place different fromthe | atest
processed groove i s checked.

In the aspect of the present invention, the display
control part may switch a direction indicated by the mark
according to a present imaging position of the imaging
unit and the Y-coordi nate of the | atest processed groove.

According to the present invention, by displaying
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the mark that indicates the | atest processed groove on
the captured inage in a superinposi ng manner, the
operator can be caused to al ways recogni ze the position
of the | atest processed groove w thout |osing the sight
of the | atest processed groove.

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

enbodi nents of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 is an appearance perspective view of a
cutting apparatus of the present enbodi nent;

FIG 2 is a perspective view of the inside of the
cutti ng apparatus of the present enbodi nent;

FIG 3A and FIG 3B are diagrans depicting one
exanpl e of a stop screen of a conparative exanpl e;

FIG 4 is a block diagramdepicting display contro
of a display unit in the present enbodi nent;

FIG 5A, FIG 5B, and FIG 5C are diagrans

depi cting one exanple of a stop screen in the present
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enbodi nent ;
FIG 6A, FIG 6B, FIG 6C, and FIG 6D are diagrans
depi cting one exanple of the display control in the

present enbodi nent.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS

A cutting apparatus of the present enbodi nent wl|
be descri bed below with reference to the acconpanyi ng
drawings. FIG 1 is an appearance perspective view of the
cutting apparatus of the present enbodinent. FIG 2 is a
perspective view of the inside of the cutting apparatus
of the present enbodinent. FIG 3A and FIG 3B are
di agrans depicti ng one exanple of a stop screen of a
conparative exanple. Although the description wll be
made through exenplification of the cutting apparatus as
a processing apparatus in the present enbodi nent, the
processing apparatus is not particularly limted as |ong
as it is what forns a processed groove.

As depicted in FIG 1, a cutting apparatus 1 is
equi pped with a display unit (display neans) 75 that
accepts operation froman operator and vari ous processing
conditions are set in the cutting apparatus 1 by the
di splay unit 75. The cutting apparatus 1 is configured to

relatively nove cutting blades 71 (see FIG 2) and a



wor kpi ece Wheld by a chuck table 14 and process the

wor kpi ece Won the chuck table 14 along streets based on
the setting conditions set by the display unit 75. A
surface of the workpiece Wis segnented into plura
regions by the streets in a lattice manner and vari ous
devices are formed in each of the regions obtained by the
segnenti ng.

A dicing tape T is stuck to the workpi ece Wand a
ring frame F is stuck to the periphery of the dicing tape
T. The workpiece Wis carried in to the cutting apparatus
1 in the state of being supported by the ring frane F
with the internediary of the dicing tape T. It suffices
for the workpi ece Wto be what becones a processing
target. For exanple, the workpiece Wmay be a
sem conductor wafer or optical device wafer on which
devi ces have been fornmed. Furthernore, the dicing tape T
may be a die attach film (DAF) tape obtained by sticking
a DAF to a tape base besides a normal adhesive tape
obt ai ned by applying an adhesive | ayer on a tape base.

The cutting apparatus 1 has a casing 10 that covers
t he processing space of cutting processing and has a
rectangul ar parall el epi ped shape and a support base 13
that is adjacent to the casing 10 and forns a waiting

space and a cl eani ng space. The center of the upper



surface of the support base 13 is opened to extend toward
the inside of the casing 10 and this opening is covered
by a noving plate 15 that can nove together with the
chuck table 14 and a waterproof cover 16 having an
accordi on shape. A processing feed nechani sm (processing
feed unit) 50 (see FIG 2) that noves the chuck table 14
Iin a processing feed direction that is an X-axis
direction is disposed under the waterproof cover 16. In
FIG 1, the state in which the chuck table 14 has been
noved to the outside of the casing 10 and been nmade to
wait over the support base 13 is depicted.

A hol ding surface 17 is formed in the chuck table
14 by a porous ceramc material and the workpiece Wis
sucked and held by a negative pressure generated through
this holding surface 17. Four clanps 18 of an air-driven
type are di sposed around the chuck table 14 and the ring
frame F around the workpiece Wis clanped and fixed from
four sides by the respective clanps 18. A pair of
centering guides 21 that extend along a Y-axis direction
are di sposed over the chuck table 14. Through separation
and approxi mation of the pair of centering guides 21 in
the X-axis direction, the workpiece Wis positioned in
the X-axis direction relative to the chuck table 14.

On the support base 13, an elevator unit 22 on
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whi ch a cassette is placed is disposed adjacent to the
chuck table 14. In the elevator unit 22, a stage 23 on
whi ch a cassette is placed is lifted and | owered and the
| oadi ng/ unl oadi ng position of the workpiece Win the
cassette is adjusted in the height direction. A side
surface 11 of the casing 10 is equi pped with a push-pul
arm 24 that | oads and unl oads the workpi ece Winto and
froma cassette while causing the pair of centering
guides 21 to guide the ring frane F. Furthernore, the
side surface 11 of the casing 10 is equipped with a
carry-in arm 31 and a carry-out arm41 that convey the
wor kpi ece W between the pair of centering guides 21 and
t he chuck table 14.

The push-pull arm 24 is driven by a horizontal
novenent nechani sm 25 di sposed on the side surface 11 of
the casing 10. The horizontal novenent mechani sm 25 has a
pair of guide rails 26 that are disposed on the side
surface 11 of the casing 10 and are parallel to the Y-
axis direction and a slider 27 that is slidably set on
the pair of guide rails 26 and is notor-driven. A nut
part (not depicted) is fornmed on the back surface side of
the slider 27 and a ball screw 28 is screwed to this nut
part. A drive notor 29 joined to a one-end part of the

ball screw 28 is rotationally driven and thereby the



push-pul |l arm 24 executes push-pull action in the Y-axis
direction along the pair of guide rails 26.

The carry-in arm 31 and the carry-out arm4l are
driven by horizontal novenent nechani sns 32 and 42
di sposed on the side surface 11 of the casing 10. The
hori zontal novenment nechani sms 32 and 42 have pairs of
guide rails 33 and 43 that are di sposed on the side
surface 11 of the casing 10 and are parallel to the Y-
axis direction and sliders 34 and 44 that are slidably
set on the pairs of guide rails 33 and 43 and are notor-
driven. Nut parts (not depicted) are formed on the back
surface side of the sliders 34 and 44 and ball screws 35
and 45 are screwed to these nut parts. Drive notors 36
and 46 joined to one-end parts of the ball screws 35 and
45 are rotationally driven and thereby the carry-in arm
31 and the carry-out arm41 are conveyed and noved in the
Y-axis direction along the pairs of guide rails 33 and 43.

As depicted in FIG 2, the processing feed
mechani sm 50 that noves the chuck table 14 in the
processing feed direction that is the X-axis direction is
di sposed on a base 19 in the casing 10 and the support
base 13 (see FIG 1). The processing feed nechani sm 50
has a pair of guide rails 51 that are disposed on the

base 19 and are parallel to the X-axis direction and an
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X-axis table 52 that is slidably set on the pair of guide
rails 51 and is notor-driven. A nut part (not depicted)
is formed on the back surface side of the X-axis table 52
and a ball screw 53 is screwed to this nut part. A drive
notor 54 joined to a one-end part of the ball screw 53 is
rotationally driven and thereby the chuck table 14 is
noved in the processing feed direction along the pair of
guide rails 51

A gate-shaped upright wall part 20 di sposed uptight
in such a manner as to straddl e the novenent path of the
chuck table 14 is disposed on the base 19. The upri ght
wal | part 20 is equi pped with an indexing feed nmechani sm
(indexing feed unit) 60 that nobves processing units
(processing neans) 70 in an indexing feed direction that
is the Y-axis direction perpendicular to the processing
feed direction and cutting-in feed nechanisns (cutting-in
feed units) 65 that nove the processing units 70 in a
cutting-in feed direction that is a Z-axis direction. The
i ndexi ng feed nmechanism 60 has a pair of guide rails 61
that are di sposed on the front surface of the upright
wal | part 20 and are parallel to the Y-axis direction and
Y-axis tables 62 slidably set on the pair of guide rails
61. The cutting-in feed nechani sns 65 each have a pair of

guide rails 66 that are disposed on the Y-axis table 62
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and are parallel to the Z-axis direction and a Z-axis
table 67 slidably set on the pair of guide rails 66.

The processing units 70 that cut the workpiece W
are di sposed under the respective Z-axis tables 67. A nut
part is formed on the back surface side of each of the Y-
axis tables 62 and the Z-axis tables 67 and ball screws
63 and 68 are screwed to these nut parts. Drive notors 64
and 69 are joined to one-end parts of the ball screws 63
for the Y-axis tables 62 and the ball screws 68 for the
Z-axis tables 67, respectively. The respective ball
screws 63 and 68 are rotationally driven by the drive
notors 64 and 69. Thereby, each piece of processing units
70 is noved in the indexing feed direction along the
guide rails 61 and each piece of processing units 70 is
noved in the cutting-in feed direction along the guide
rails 66.

The cutting blade 71 that processes the workpiece W
hel d by the chuck table 14 is rotatably nounted to a
spi ndl e of each piece of processing units 70. Each
cutting blade 71 is shaped into a circular disc shape by
bi ndi ng di anond abrasive grains by a binding agent, for
exanple. An imaging unit (imagi ng neans) 73 that inmges
t he wor kpi ece Wheld by the chuck table 14 is di sposed on

a spindle case of the processing units 70. The workpi ece
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Wimaged by the inmaging unit 73 is displayed on the
display unit 75 (see FIG 1) and various kinds of work
such as teaching at the tinme of alignment and hairline
adj ustment are executed on the display screen.
Furthernore, the cutting apparatus 1 is equipped with a
control unit (control means) 80 (see FIG 4) that carries
out overall control of the respective parts of the
appar at us.

Incidentally, as depicted in the conparative
exanple of FIG 3A, manual hairline adjustnment is
executed through adjusting a reference line 93 of the
I maging unit 73 (see FIG 2) to the central position of a
processed groove 92 in the width direction on a stop
screen 90. The positional relationship between the center
line of the cutting blade 71 (see FIG 2) and the
reference line 93 of the imaging unit 73 is corrected by
the hairline adjustnent. The hairline adjustnent is
executed every tine the cutting blade 71 is repl aced.

Besi des, the hairline adjustnent is executed after the
processing is suspended in order to correct a deviation
caused in the processing regarding the positiona

rel ati onshi p between the cutting blade 71 and the inaging
unit 73. In order to correct the deviation caused in the

processing, the reference Iine 93 of the imaging unit 73
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needs to be adjusted to the central position of the
| at est processed groove 92 at the tine of suspension of
t he processing.

However, as depicted in the conparative exanpl e of
FIG 3B, when the imaging unit 73 is noved in order to
check the processing quality of another processed groove
92 at the tine of suspension of the processing, the
| at est processed groove 92 gets out of the stop screen 90
and the sight of this processed groove 92 is lost in sone
cases. Even if returning the stop screen 90 to the
original position is attenpted, it is difficult to return
it to the accurate position through nanual operation and
it is difficult to determ ne whether or not the processed
groove 92 in the stop screen 90 is the | atest processed
groove 92. Furthernore, in the cutting apparatus 1 of the
present enbodi nent, the processed grooves 92 are
concurrently forned by the cutting blades 71 on the first
spindl e side and the second spindle side. Therefore, even
when the | atest processed groove 92 is displayed on the
stop screen 90, it is inpossible to imedi ately determ ne
whi ch of the cutting blades 71 on the first spindle side
and the second spindle side processed this processed
groove 92.

Thus, in the present enbodi nent, a mark 85a or 85b
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(see FIG 4) that indicates the |atest processed groove
92 is displayed in a superinposed nanner on a captured
i mage 91 obtained by inaging by the inmaging unit 73 and
the operator is caused to recognize the position of the
| at est processed groove 92. Furthernore, the marks 85a
and 85b are given | abels that represent the | atest
processed grooves 92 processed by the cutting blades 71
on the first spindle side and the second spindle side,
respectively, and the operator is caused to recognize
whi ch cutting blade 71 processed the | atest processed
groove 92. This can cause the reference line of the
I maging unit 73 to correspond with the central position
of the | atest processed groove 92 and prevent an
operation m stake such as execution of hairline
adj ust ment on a processed groove other than the | atest
processed groove 92.

Di splay control of the display screen will be
descri bed below with reference to FIG 4. FIG 4 is a
bl ock di agram depi cting the display control of the
di splay unit in the present enbodi nent.

As depicted in FIG 4, the display unit 75 is a
touch panel of the capacitive system for exanple, and
the stop screen 90 is displayed thereon at the tinme of

suspensi on of processing. On the stop screen 90, the
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captured i mage 91 obtai ned by inmagi ng, by the inaging
unit 73, the processed groove 92 forned through
processi ng the workpi ece Wby the processing units 70 is
di spl ayed. The control unit 80 that executes the display
control of the display screen is connected to the display
unit 75 and the imaging unit 73. The control unit 80 is
equi pped with a | atest processed groove Y-coordi nate
storing part 81 that stores the Y-coordinate of the

| at est processed groove 92, a mark storing part 82 that
stores the marks 85a and 85b that indicate the |atest
processed groove 92, and a display control part 83 that
di spl ays the nmark 85a or 85b on the captured inage 91 in
a superinposi ng nanner based on the Y-coordinate.

In the | atest processed groove Y-coordi hate storing
part 81, the Y-coordinate that is the central position of
the | atest processed groove 92 forned by i medi atel y-
previ ous processing operation is stored. In this case,

i ndexing feed of the cutting blade 71 (see FIG 6A) is
executed in the Y-axis direction and the position thereof
is adjusted to a street of the workpiece W Then, the
wor kpi ece Wis processed along the street by the cutting
bl ade 71. Wen the processing by the cutting blade 71 is
suspended, the Y-coordinate of the w dthw se center of

the cutting blade 71 at the tinme of suspension of the
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processing is stored in the | atest processed groove Y-
coordinate storing part 81 as the Y-coordinate of the

| at est processed groove 92. In the |latest processed
groove Y-coordinate storing part 81, the Y-coordi nate of
the | atest processed groove 92 is updated every tine
processi ng of the workpiece Wis suspended.

In the mark storing part 82, the marks 85a and 85b
formed with arrow i nages are stored. The mark 85a is
given a |label Z1 that represents the |atest processed
groove 92 processed by the cutting blade 71 on the first
spindle side and the nark 85b is given a | abel Z2 that
represents the | atest processed groove 92 processed by
the cutting blade 71 on the second spindle side. Due to
the labels Z1 and Z2 given to the marks 85a and 85b, it
is possible to immediately visually discrimnate which of
the cutting blade 71 on the first spindle side and the
cutting blade 71 on the second spindle side processed the
| at est processed groove 92 in the captured i nage 91.

In the display control part 83, the mark 85a or the
mark 85b is displayed in a superinposed nanner on the
captured i nage 91 di splayed by the display unit 75. 1In
this case, the present imaging position is acquired from
the imaging unit 73 and the Y-coordinate of the | atest

processed groove 92 is acquired fromthe | atest processed
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groove Y-coordinate storing part 81. Furthernore, the
mark 85a or the mark 85b is selectively acquired fromthe
mark storing part 82 according to whether the imging
unit 73 exists on the first spindle side or on the second
spindle side. Then, the mark 85a or the mark 85b is
di sposed on the captured i mage based on the Y-coordinate
of the |atest processed groove 92 and the direction
i ndicated by the mark 85a or the nmark 85b is swtched
according to the present inmaging position of the imaging
unit 73 and the Y-coordinate of the | atest processed
groove 92.

For exanple, if the present imaging position of the
i maging unit 73 exists in a predeterm ned range centered
at the Y-coordinate of the | atest processed groove 92,
the mark 85a or 85b in the horizontal direction is
di spl ayed on the captured image 91 and the | atest
processed groove 92 is indicated by the mark 85a or 85b
fromthe X-axis direction (see FIG 6B). Furthernore, if
the present imaging position of the imaging unit 73
exi sts outside the predeternined range centered at the
| at est processed groove 92, the mark 85a or 85b in the
vertical direction is displayed on the captured i mage 91
and the | atest processed groove 92 is indicated fromthe

Y-axis direction by the mark 85a or 85b (see FIG 5B). By
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the mark 85a or 85b, the position of the | atest processed
groove 92 is identified on the basis of the present
i magi ng position.

In this manner, the mark 85a or the mark 85b is
di spl ayed on the captured image in such a manner as to
indicate the | atest processed groove 92 on the display
unit 75. The respective parts of the control unit 80 are
formed of processor, nenory, and so forth that execute
various kinds of processing. The nenory is forned of one
or plural storage nedia such as read only nenory (ROV
and random access nenory (RAM according to the use
purpose. In the nenory, a programfor drive control of
the respective parts of the apparatus and a program for
di spl ay control are stored, for exanple. Furthernore, the
control unit 80 nay be disposed exclusively for the
di splay unit 75 separately fromcontrol of the whol e of
the cutting apparatus 1.

Wth reference to FIG 5A, FIG 5B, and FIG 5C
one exanple of the stop screen that indicates the | atest
processed groove will be described. FIG 5A FIG 5B, and
FIG 5C are diagrans depicting the one exanple of the
stop screen in the present enbodinent. In FIG 5A FIG
5B, and FIG 5C, the description will be made by using

nunerals in FIG 4 as appropriate. Although one exanple
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of the stop screen of the first spindle side will be
described with FIG 5A, FIG 5B, and FIG 5C, the sane
stop screen is used also for the second spindle side.

As depicted in FIG 5A, the captured inmage 91 is
di spl ayed on the stop screen 90 of the cutting apparatus
1 (see FIG 1). On this captured inage 91, the reference
line 93 of the imaging unit 73 is displayed and the mark
85a that indicates the | atest processed groove 92 is
di spl ayed. When the Y-coordinate of the reference |ine 93
of the imaging unit 73 corresponds with the Y-coordinate
of the | atest processed groove 92, the mark 85a is
superi nposed on the | atest processed groove 92 in the
state of being oriented in the X-axis direction. By
visual ly recogni zing the mark 85a, the operator can
recogni ze that the processed groove 92 di splayed in the
captured inage 91 is the latest. Although the Y-
coordi nates of the processed groove 92 and the reference
line 93 correspond with each other here, hairline
adjustnent is executed if a deviation exits between these
Y- coor di nat es.

The mark 85a is fornmed of an arrow i mage and the
| abel Z1 that represents the first spindle side is given
to the arrow i mage. This can cause the operator to

recogni ze that the | atest processed groove 92 indicated
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by the mark 85a is the | atest processed groove 92
processed by the cutting blade 71 on the first spindle
side. Not only the mark 85a of the processed groove 92
processed by the cutting blade 71 on the first spindle
side but also the mark 85b (see FIG 4) of the processed
groove 92 processed by the cutting blade 71 on the second
spi ndl e side nmay be displayed in the captured i nage 91.
This can cause the operator to simultaneously recognize
the | atest processed groove 92 of the first spindle side
and the | atest processed groove 92 of the second spindle
side in one stop screen 90.

Furthernore, in the captured i nage 91, various
operation buttons are di spl ayed besides the reference
line 93 of the imaging unit 73 and the mark 85a. For
exanpl e, novenment buttons 94 to nove the inmaging unit 73
(reference line 93) in the Y-axis direction by manual
operation are displayed along the right side of the
captured i mage 91, and novenent buttons 95 to nove the
I maging unit 73 (reference line 93) in the X-axis
di rection by manual operation are displayed along the
| ower side of the captured image 91. Moreover, along the
| eft side of the captured imge 91, a switching button 96
for macro-display, a switching button 97 for mcro

di spl ay, a position adjustnent button 98 to automatically
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cause the Y-coordinate of the reference line 93 of the
I maging unit 73 to correspond wth the Y-coordi nate of
the | atest processed groove 92 are displayed fromthe
upper side.

As depicted in FIG 5B, when the imaging unit 73 is
noved by using the novenent button 94, the orientation of
the mark 85a is switched according to the distance
bet ween the Y-coordinate of the reference Iine 93 and the
Y-coordi nate of the processed groove 92. For exanpl e,
when the imaging unit 73 is noved in the Y-axis direction
and the reference line 93 of the imaging unit 73 gets out
of the predeterm ned range on the basis of the processed
groove 92, the orientation of the mark 85a is sw tched
fromthe X-axis direction to the Y-axis direction and the
| at est processed groove 92 is indicated by the mark 85a
fromthe Y-axis direction. Due to this, even when the
i maging unit 73 is noved fromthe | atest processed groove
92 and a quality check or the |ike of another processed
groove 92 is executed, it is possible to cause the
operator to recognize the position of the |atest
processed groove 92.

As depicted in FIG 5C, the distance fromthe Y-
coordi nate of the reference line 93 (present imaging

position) to the Y-coordinate of the | atest processed
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groove 92 may be displayed in the captured image 91. This
can cause the operator to recognize the offset anount
between the | atest processed groove 92 and the reference
line 93 in addition to the position of the | atest
processed groove 92. Furthernore, the distance fromthe
Y-coordi nate of the |atest processed groove 92 to the Y-
coordi nate of the reference line 93 of the inmaging unit
73 may be displayed as the nunber of |ines of processed
grooves. Although the configuration in which the mark 85a
is displayed in the captured image 91 in mcro-display is
enployed in FIG 5A, FIG 5B, and FIG 5C, the nmark 85a
is simlarly displayed in the captured imge 91 also in
macr o- di spl ay.

Wth reference to FIG 6A, FIG 6B, FIG 6C, and
FIG 6D, one exanple of display control by the display
control part wll be described. FIG 6A FIG 6B, FIG 6C
and FIG 6D are diagrans depicting the one exanple of the
di splay control in the present enbodinent. In FIG 6A,
FIG 6B, FIG 6C, and FIG 6D, the description will be
made by using nunerals in FIG 4 as appropriate. Although
di spl ay control of the processed groove of the first
spindle side will be described with FIG 6A, FIG 6B, FIG
6C, and FIG 6D, display control is executed by the sane

met hod al so for the second spindle side.
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As depicted in FIG 6A, when processing by the
cutting apparatus 1 (see FIG 1) is suspended, the
imaging unit 73 is positioned to the | atest processed
groove 92 based on a predeterm ned distance L fromthe
reference line 93 of the imaging unit 73 to the w dt hw se
center of the cutting blade 71 and the cutting position
(Y-coordinate) of the cutting blade 71. Furthernore, by
the display control part 83, the Y-coordinate of the
| at est processed groove 92 is acquired fromthe | atest
processed groove Y-coordinate storing part 81 and the
mark 85a is acquired fromthe mark storing part 82. Then,
the captured image 91 including the | atest processed
groove 92 is taken by the inmaging unit 73 and the
reference line 93 of the imaging unit 73 is displayed in
the captured image 91. In addition, the mark 85a that
i ndi cates the | atest processed groove 92 is displ ayed
(see FIG 6B and FIG 6C).

As depicted in FIG 6B, if the Y-coordinate of the
reference line 93 of the imaging unit 73 falls within a
predeterm ned range R centered at the Y-coordinate of the
| at est processed groove 92, the mark 85a is displayed in
the horizontally-oriented state on the | atest processed
groove 92 in a superinposed manner based on the Y-

coordi nate of the |latest processed groove 92. For exanpl e,
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the direction of the mark 85a is oriented in the X-axis
direction in the state in which the tip of the arrow of
the mark 85a is positioned to the Y-coordi nate of the

| at est processed groove 92. Due to this, it is recognized
by the operator that the processed groove 92 indicated by
the tip of the arrow of the nark 85a is the | atest.
Furthernore, due to the label Z1 of the mark 85a, it is
recogni zed by the operator that this processed groove 92
Is the | atest processed groove 92 processed by the
cutting blade 71 on the first spindle side.

As depicted in FIG 6C, when the imaging unit 73 is
noved and the Y-coordinate of the reference |ine 93 of
the imaging unit 73 gets out of the predeterm ned range R
centered at the Y-coordinate of the | atest processed
groove 92, the orientation of the mark 85a is sw tched
fromthe horizontal direction to the vertical direction.
For exanple, the direction of the mark 85a is oriented in
the Y-axis direction in the state in which the tip of the
arrow of the mark 85a is positioned to the Y-coordinate
of the |atest processed groove 92. As above, the
direction indicated by the mark 85a is switched by the
di splay control part 83 according to the distance from
the Y-coordinate of the | atest processed groove 92 to the

Y-coordi nate of the reference |ine 93 (present inmaging
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position). The predetermined range Ris a range set by
the operator for the cutting apparatus 1 in advance.

Al t hough the tip of the arrow of the mark 85a is
positioned to the Y-coordinate of the | atest processed
groove 92 in FIG 6B and FIG 6C, the present invention
is not limted to this configuration. The tip of the
arrow of the mark 85a may deviate fromthe Y-coordinate
of the |atest processed groove 92 and it suffices for the
mar k 85a to be displayed on the captured inage 91 in a
superi nposed manner at |east in such a manner as to
indicate the | atest processed groove 92. For exanple, as
depicted in FIG 6D, if the |latest processed groove 92 is
not included in the captured image 91, the tip of the
arrow of the mark 85a is not positioned to the Y-
coordi nate of the |atest processed groove 92 and the nark
85a indicates only the direction in which the | atest
processed groove 92 exists with respect to the reference
line 93 of the imaging unit 73.

As descri bed above, according to the cutting
apparatus 1 of the present enbodi nent, the mark 85a or
85b that indicates the | atest processed groove 92 is
di spl ayed on the captured i nage 91 in a superi nposed
manner by the display unit 75. Because the | atest

processed groove 92 is indicated by the mark 85a or 85b
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on the captured image 91, it is possible to cause the
operator to always recogni ze the position of the | atest
processed groove 92. Furthernore, the sight of the |atest
processed groove 92 is not |ost even when the inmaging
unit 73 is noved and a place different fromthe | atest
processed groove 92 is checked.

In the present enbodi nent, a touch panel in which
the display function and the operation function are
integrated is exenplified as the display unit. However,
the present invention is not limted to this
configuration. The display unit nay be fornmed of a
di spl ay exclusively for displaying regarding which the
operation function is entrusted to another input device.

Furthernore, in the present enbodi nent, the
configuration that noves the chuck table in the
processing feed direction relative to the processing
units is enployed as the processing feed mechani sm
However, the present invention is not limted to this
configuration. It suffices for the processing feed
mechanismto be a configuration that relatively noves the
chuck table and the processing units in the processing
feed direction, and a configuration that noves the
processing units in the processing feed direction

relative to the chuck table may be enpl oyed.
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Moreover, in the present enbodi nent, the
configuration that noves the processing units in the
i ndexing feed direction relative to the chuck table is
enpl oyed as the indexing feed nmechanism However, the
present invention is not limted to this configuration.
It suffices for the indexing feed mechanismto be a
configuration that relatively noves the chuck table and
the processing units in the indexing feed direction, and
a configuration that noves the chuck table in the
i ndexing feed direction relative to the processing units
may be enpl oyed.

In addition, although the mark is forned of the
arrow i mage in the present enbodi ment, the present
invention is not limted to this configuration. It
suffices for the mark to have a shape that indicates the
| at est processed groove, and the nmark may be forned of a
finger mark, for exanple.

Furthernore, in the present enbodi nent, the
configuration in which the orientation of the mark is
swi tched between the Y-axis direction and the X-axis
direction is enployed. However, the present invention is
not limted to this configuration. It suffices for the
orientation of the mark to be an orientation that

i ndi cates the | atest processed groove, and the mark may
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be oriented in an oblique direction, for exanple.

Mor eover, al though the configuration in which the
| abel is given to the mark is enployed in the present
enbodi nent, the present invention is not limted to this
configuration. |If there is no need to discrimnate the
first spindle side and the second spindle side as in a
si ngl e-spi ndl e processi ng apparatus, the | abel does not
need to be given to the nmark.

In addition, although the description is made
t hrough exenplification of a dual-spindle cutting
apparatus as a processing apparatus in the present
enbodi nent, the present invention is not limted to this
configuration. The present invention can be applied to
ot her processi ng apparatuses that form processed grooves
in a workpiece. For exanple, other processing apparatuses
such as a single-spindle cutting apparatus, a | aser
processi ng apparatus, and a cluster apparatus obtained by
conbi ni ng them may be enpl oyed.

Furt hernore, various works such as sem conduct or
substrate, inorganic material substrate, and package
board nay be used as the workpiece. As the sem conductor
substrate, various substrates made of silicon, gallium
arsenide, galliumnitride, silicon carbide, and so forth

may be used. As the inorganic material substrate, various
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substrates nmade of sapphire, ceramc, glass, and so forth
may be used. Devices may be fornmed on the sem conduct or
substrate and the inorganic material substrate or devices
do not have to be fornmed thereon. As the package board,
various boards for chip size package (CSP), wafer |evel
chip size package (W.CSP), systemin package (SIP), and
fan out wafer |evel package (FOALP) may be used. A shield
as an el ectromagnetic interference (EM) counterneasure
may be forned on the package board. Moreover, as the work,
lithiumtantalate, |ithiumniobate, green ceramc, and

pi ezoel ectric material after device formation or before
devi ce formati on may be used.

Furthernore, although the present enbodi nent and
nodi fication exanpl es are descri bed, what are obtai ned by
conbi ni ng the above-descri bed enbodi nent and nodi fication
exanples totally or partly may be enpl oyed as ot her
enbodi nents of the present invention.

Mor eover, enbodi nents of the present invention and
nodi fication exanples are not limted to the above-
descri bed enbodi nent and nmay be variously changed,
repl aced, and nodified in such a range as not to depart
fromthe gist of technical ideas of the present invention.
In addition, if a technical idea of the present invention

can be inplenented in another way due to advancenent in
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the technique or another technique that is derivative,

the technical idea nmay be inplenented by using the nethod.
Therefore, the scope of clains covers all enbodi nents

that can be included in the range of technical ideas of
the present invention.

As descri bed above, the present invention has an
effect that always the | atest processed groove can be
recogni zed without |osing the sight of the |atest
processed groove and is particularly effective for a
processi ng apparatus that processes a workpi ece by a
cutting bl ade.

The present invention is not [imted to the details
of the above described preferred enbodi nents. The scope
of the invention is defined by the appended cl ains and
all changes and nodifications as fall within the
equi val ence of the scope of the clains are therefore to

be enbraced by the invention.
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WHAT IS CLAIMED IS:

1. A processing apparatus comprising:

a chuck table that holds a workpiece;

a processing unit that forms a plurality of processed
groove in the workpiece held by the chuck table including a
latest processed groove;

a processing feed mechanism that relatively moves the
chuck table and the processing unit in a processing feed
direction that is an X-axis direction;

an indexing feed mechanism that relatively moves the
chuck table and the processing unit in an indexing feed
direction that is a Y-axis direction perpendicular to the
processing feed direction;

an imaging unit that images the workpiece held by the
chuck table including an area containing the latest processed
groove;

a display unit that displays a captured image of the
latest processed groove obtained by imaging, by the imaging
unit, the latest processed groove formed through processing
the workpiece by the processing unit; and

a control unit comprising a processor,

wherein the control unit includes

a memory that stores a Y-coordinate of the latest
processed groove, and

wherein the processor causes a mark that identifies
the location of the latest processed groove based on the

Y-coordinate to be displayed in a superimposed manner on

the captured image displayed on the display unit.

2. The processing apparatus according to claim 1, wherein
the processor switches a direction indicated by the mark
according to a present imaging position of the imaging unit
relative to the Y-coordinate of the latest processed groove.

3. The processing apparatus according to claim 2,
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wherein the display unit displays a reference line
associated with the imaging unit, wherein the mark is
elongated along a longitudinal direction, and wherein when the
reference line of the imaging unit is within a predetermined
range of the displayed processed groove, the longitudinal
direction of the mark is displayed in the X-axis direction.

4. The processing apparatus according to claim 2, wherein
the display unit displays a reference line associated with the
imaging unit, wherein the mark is elongated along a
longitudinal direction, and wherein when the reference line of
the imaging unit is outside a predetermined range of the
displayed processed groove, the longitudinal direction of the
mark is displayed in the Y-axis direction.

5. The processing apparatus according to claim 1, wherein
the display unit displays a captured image of a processed
groove obtained by imaging, by the imaging unit, the processed
groove formed through processing the workpiece by the
processing unit on a stop screen when the formation of the
processed groove by the processing unit has been suspended.

6. The processing apparatus according to claim 5, further
comprising movement buttons to cause the location of the
imaging unit to be moved relative to the workpiece.

7. The processing apparatus according to claim 6, wherein
the display unit displays a reference line associated with the
imaging unit, wherein the mark is elongated along a
longitudinal direction, and wherein when the reference line of
the imaging unit is within a predetermined range of the
displayed processed groove, the longitudinal direction of the
mark is displayed in the X-axis direction.

8. The processing apparatus according to claim 6, wherein
the display unit displays a reference line associated with the
imaging unit, wherein the mark is elongated along a
longitudinal direction, and wherein when the reference line of

the imaging unit is outside a predetermined range of the
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displayed processed groove, the longitudinal direction of the
mark is displayed in the Y-axis direction.

9. The processing apparatus according to claim 8, wherein
the mark has the shape of an arrow having an arrowhead, and
wherein the arrowhead points toward the latest processed
groove.

10. A method of processing a workpiece using a processing
apparatus comprising a chuck table that holds a workpiece; a
processing unit that forms a processed groove in the workpiece
held by the chuck table; a processing feed mechanism that
relatively moves the chuck table and the processing unit in a
processing feed direction that is an X-axis direction; an
indexing feed mechanism that relatively moves the chuck table
and the processing unit in an indexing feed direction that is
a Y-axis direction perpendicular to the processing feed
direction; an imaging unit that images the workpiece held by
the chuck table; a display unit; a processor; and a memory
that stores a Y-coordinate of a latest processed groove, the
method comprising:

displaying on the display unit a captured image of the
workpiece including an area of the workpiece containing a
portion of a latest processed groove obtained by imaging, by
the imaging unit, an area of the workpiece containing the
latest processed groove formed through processing the
workpiece by the processing unit; and

displaying in a superimposed manner on the display unit a
mark that indicates the location of the latest processed
groove displayed on the display unit.

11. The method according to claim 10, further comprising
displaying on the display unit a reference line associated
with the imaging unit, wherein the mark is elongated along a
longitudinal direction, and

when the reference line of the imaging unit is within a

predetermined range of the displayed latest processed groove,
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displaying the mark such that the longitudinal direction of
the mark is displayed in the X-axis direction.

12. The method according to claim 10, further comprising
displaying on the display unit a reference line associated
with the imaging unit, wherein the mark is elongated along a
longitudinal direction, and

when the reference line of the imaging unit is outside a
predetermined range of the displayed latest processed groove,
displaying the mark such that the longitudinal direction of
the mark is displayed in the Y-axis direction.

13. The method according to claim 10, wherein the act of
displaying on the display unit a captured image of the
workpiece occurs after the formation of the processed groove
by the processing unit has been suspended.

14. The method according to claim 10, further comprising
moving the location of the imaging unit relative to the
workpiece and thereby changing the area of the workpiece which
is displayed on the display unit.

15. The method according to claim 14, further comprising

displaying on the display unit a reference line
associated with the imaging unit, wherein the mark is
elongated along a longitudinal direction, and

when the reference line of the imaging unit is within a
predetermined range of the displayed latest processed groove,
displaying the mark such that the longitudinal direction of
the mark is displayed in the X-axis direction.

16. The method according to claim 15, further comprising
when the reference line of the imaging unit is outside the
predetermined range of the displayed latest processed groove,
displaying the mark such that the longitudinal direction of
the mark is displayed in the Y-axis direction.

17. The method according to claim 16, further comprising
switching the orientation of the mark from having the

longitudinal direction of the mark being displayed in the X-
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axis direction to having longitudinal direction of the mark
being displayed in the Y-axis direction when the location of
the imaging unit is moved such that the reference line
associated with the imaging unit moves from being within the
predetermined range to be outside the predetermined range.

18. The method according to claim 17, wherein the mark
has the shape of an arrow having an arrowhead and wherein the
arrowhead points toward the latest processed groove when the
reference line of the imaging unit is outside the
predetermined range.

19. The method according to claim 14, further comprising

displaying on the display unit a reference line
associated with the imaging unit, wherein the mark is
elongated along a longitudinal direction, and

when the reference line of the imaging unit is outside a
predetermined range of the displayed latest processed groove,
displaying the mark such that the longitudinal direction of
the mark is displayed in the Y-axis direction.

20. The method according to claim 10, wherein the mark
has the shape of an arrow having an arrowhead and wherein the

arrowhead points toward the latest processed groove.
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