PCSI TI ONI NG METHCOD

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a position ing
method for a workpiece in a processing apparatus.

Description of the Related Art

Cutting apparatuses (dicing saws), laser pr ocessing
apparatuses, and other processing apparatuses for
manufacturing, for example, semiconductor devices p erform
cutting and laser processing along streets arrayed on the

surface of a wafer that is a workpiece. When such

processing is to be performed, the wafer is positio ned
(subjected to alignment) with respect to processing means
while the wafer is held on a holding table included ina
processing apparatus. Wafer positioning is achieve d by
capturing an image of a target (e.g., a street or a n
alignment key pattern) on a wafer surface with imag ing
means and making positional adjustments based on th e

captured image of the target. When, for example, a

cutting apparatus is used, the wafer is positioned before
cutting work so that a cutting blade is positioned on the
street (refer to Japanese Patent Laid-open No. Hei 7-
321181).



For wafer positioning, 6 adjustment needs to be
made so that the direction of processing feed by th e
processing means coincides with the direction of th e

street. In a wafer positioning process (alignment

process) that is manually performed by an operator of the
processing apparatus, an image of the surface of th e
wafer is captured with the imaging means, a referen ce
position is set for left and right targets to achie ve
detection and acquire positional information, and t hen ©
adjustment is made. Further, when processing is to be
performed along the street, street centering (cente r
adjustment) is achieved so as to position the proce ssing

means at the widthwise center of the street.

SUMVARY OF THE | NVENTI ON

In recent years, a touch-panel operation un it
frequently used with the processing apparatus makes it
possible to set the reference position for a target while
viewing a captured target image displayed on a touc h
panel. However, the operation accuracy of the touc h panel
is limited. Therefore, even when the operator touc hes the
displayed target image, it is difficult to precisel y set
the reference position. Therefore, when the touch- panel
operation unit is used, the reference position need sto



be set by moving it in increments of several microm
with fine adjustment keys (cursor movement arrow ke
etc.) separately mounted, for example, on the touch
However, such fine adjustment is repeated to unduly
increase the time required for positioning.

The present invention has been made in view
above circumstances, and provides a positioning met
that facilitates an operation for positioning a wor
during alignment.

In accordance with an aspect of the present
invention, there is provided a positioning method f
positioning processing means with respect to a plur
of streets before holding a workpiece with a rotata
holding table and allowing the processing means to
perform processing feed of the workpiece in an X-ax
direction along the streets. The workpiece has a
plurality of surface-mounted devices formed in are
divided by the streets arrayed in a first direction
in a second direction. The second direction is ort
to the first direction. The positioning method inc
an imaging step, a straight line storage step, a st
line registration step, and a positioning step. Th
imaging step uses imaging means to capture an image

region including an operator-selected target or str
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among the plurality of streets on the workpiece. T
straight line storage step, which is performed afte
completion of the imaging step, performs image proc
to detect and store coordinate positions of all
predetermined straight lines formed on an upper sur
of a device among the plurality of devices and/or t
street in the region. The straight line registrati
which is performed after completion of the straight
storage step, allows the operator to select a speci
straight line in the target or on the street from a
straight lines and register the selected straight |
The positioning step positions the processing means
respect to the street in accordance with coordinate
concerning the straight line selected and registere
the straight line registration step.

Preferably, the imaging step, the straight
storage step, and the straight line registration st
include a first region imaging step, a first region
straight line storage step, a first straight line
registration step, a second region imaging step, a
region straight line storage step, and a second str
line registration step. The first region imaging s
captures an image of a first region including a fir

target that is selected by the operator with the im
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means. The first region straight line storage step
performs image processing to detect and store coord
positions of all straight lines that are formed on
upper surface of the device and/or the street in th
first region and have an allowable angular differen
from an X-axis. The first straight line registrati
which is performed after completion of the first re
straight line storage step, allows the operator to

a straight line in the first target from all the st

lines and register the selected straight line as a
straight line. The second region imaging step, whi
performed after completion of the first straight li
registration step, moves the imaging means by a
predetermined distance L (mm) in a processing feed
direction from the first region and captures an ima
a second region including a second target identical
the first target. The second region straight line

step performs image processing to detect and store
coordinate positions of all straight lines that are
formed on the upper surface of the device and/or th
street in the second region and have an allowable a
difference from the X-axis. The second straight li
registration step, which is performed after complet

the second region straight line storage step, allow
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operator to select a straight line in the second ta rget

from all the straight lines and register the select ed
straight line as a second straight line. An orient ation
adjustment step is then performed after completion of the

second straight line registration step in order to

calculate an angular difference 6 =arctan(  AY/L) between
the street and the processing feed direction from t he
difference AY between a Y-axis direction position of the

first straight line and a Y-axis direction position of

the second straight line and from the predetermined

distance L, and rotate the holding table 6 degrees until
the orientation of the street is parallel to the

processing feed direction. After completion of the

orientation adjustment step, the positioning step f or
positioning the processing means with respect to th e

street is performed.

Preferably, the first straight line registr ation
step and the second straight line registration step are
performed so that the coordinate position of the st raight
line selected by the operator from all the straight lines
in the first and second targets is relatively set a sa
reference position of the imaging means. As the re ference
position of the imaging means is automatically set to
coincide with the coordinate position of the straig ht



line selected by the operator, imaging personnel ca
easily find the position of the selected straight |
This makes it possible to prevent a wrong straight
from being selected.

When the positioning method according to an
of the present invention is applied to street cente
the imaging step captures an image of a region incl
the entire width in a Y-axis direction of the stree
extended in the X-axis direction, the straight line
storage step performs image processing to detect an
store the coordinate positions of all straight line
extended in the X-axis direction within the region
in the imaging step, and the straight line registra
step allows the operator to select two straight lin
indicative of opposing ends in the Y-axis direction
the street from all the straight lines registered i
straight line storage step, and register the select
straight lines. Subsequently, the positioning step
positions the processing means at an intermediate
position in the Y-axis direction of the two straigh
lines selected and registered in the straight line
registration step.

When the above-described positioning method

image processing is performed to detect the coordin
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positions of all straight lines around an imaged ta
so that the operator simply has to select a straigh
from all straight lines as a target for

street centering. This increases the throughput of
alignment operations.

As described above, the positioning method
according to an aspect of the present invention
facilitates an operation for positioning a workpiec
during alignment and thus provides improved product

The above and other objects, features and
advantages of the present invention, and the manner
realizing them will become more apparent, and the
invention itself will best be understood from a stu
the following description and appended claims with
reference to the attached drawings showing some pre

embodiments of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG. 1 is a side view illustrating a state
wafer is held by a holding table of a cutting appar
FIG. 2 is a top view illustrating a state w
wafer is held by the holding table of the cutting
apparatus;

FIG. 3 is a block diagram conceptually illu
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a control system of the cutting apparatus;

FIG. 4 is a front view of an operation pane
indicating first and second straight line registrat
steps during 6 adjustment for wafer positioning;

FIG. 5 is a front view of the operation pan
state where the reference position of imaging means
set on a straight line that is selected in the firs
second straight line registration steps;

FIG. 6 is a front view of the operation pan
indicating variations of the first and second strai
line registration steps;

FIG. 7 is a front view of the operation pan
indicating a straight line registration stepinac
where street centering is performed for wafer
positioning; and

FIG. 8 is a front view of the operation pan
state where the reference position of the imaging m
is set on the centerline of a street in accordance
coordinate data concerning a straight line selected

registered in the straight line registration step.
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FIGS. 1 and 2 illustrate a state where a wafer is h
a holding table of a cutting apparatus according to
embodiment of the present invention. FIG. 3 concep
illustrates a configuration of a control system of
cutting apparatus. FIGS. 4 to 6 illustrate a proce
is performed when a positioning method according to
embodiment of the present invention is applied to
adjustment of a wafer. FIGS. 7 and 8 illustrate a
that is performed when the positioning method accor
to an embodiment is applied to centering of a stree
wafer. The cutting apparatus used with the positio
method for a workpiece in accordance with the prese
embodiment is not limited to the configuration
illustrated in FIGS. 1 to 3. Further, the followin
description assumes that the cutting apparatus is u
a processing apparatus. However, the processing ap
is not limited to such a configuration. The follow
description is applicable to any processing apparat
far as it is capable of processing a workpiece alon
street.

As illustrated in FIG. 2, a wafer 20 that i
workpiece is conveyed to a cutting apparatus 10 whi
wafer 20 is supported by the inside of an annular f

50 through a dicing tape 51 attached to the rear su
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of the wafer 20. When the wafer 20 is supported by
frame 50 through the dicing tape 51, the resulting
combination is hereinafter referred to as the wafer

As illustrated in FIGS. 1 and 2, the cuttin
apparatus 10 includes a holding table 11 and a cutt
blade 12. The holding table 11 holds the wafer uni
cutting blade 12 is processing means cutting the wa
held on the holding table 11. The holding table 11
shaped like a disc. The upper surface of the holdi
table 11 is formed as a retention surface 11a for h
the wafer unit. The retention surface 11a is conne
a suction source (not depicted) through a flow path
the suction source is driven, the wafer unit is att
and held by the retention surface 11a. A
enables the holding table 11 to axially rotate in a
axis direction (vertical direction) orthogonal to t
retention surface 11a.

The holding table 11 and the cutting blade
capable of relatively moving in two orthogonal dire
(X-axis and Y-axis directions) parallel to the rete
surface 11a through a drive mechanism (not depicted
Further, the cutting blade 12 is capable of moving
Z-axis direction with respect to the holding table

The configuration of the drive mechanism is not
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specifically limited. However, the drive mechanism

capable, for example, of supporting the holding tab

and the 6 table 13 on an X-axis table movable in an X-

axis direction, and supporting the cutting blade 12
through a Y-axis slider movable in the Y-axis direc
and a Z-axis slider movable in the Z-axis direction
X-axis direction is a processing feed direction for
cutting work by the cutting blade 12. As illustrat
FIG. 2, the cutting blade 12 is rotatably supported
through a rotation shaft 14a with respect to a spin
housing 14. The rotation axial center of the rotat
shaft 14a is extended in the Y-axis direction.

As illustrated in FIG. 2, a plurality of st
are formed and arrayed in a lattice on a surface of
wafer 20. A device 22 is formed in each of a plura
regions divided by crossing streets 21. The street
include a plurality of parallel first channels CH1
plurality of parallel second channels CH2. A first
direction D1 (see FIG. 2) in which the first channe
are extended and a second direction D2 (see FIG. 2)
which the second channels CH2 are extended are orth
to each other. The wafer 20 is shaped like a disc,
notch 23 is formed on its outer circumference as an

indicative of crystal orientation.
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As illustrated in FIG. 2, a target 25 servi ng as a

reference for later-described 6 adjustment of the wafer

20 exists inside each device 22 when the wafer 20 i S
viewed from above. The target 25 is a commonly sha ped
portion existing at a common position of each devic e 22.
FIG. 2 depicts only four targets (a first target 25 A a

second target 25B, a first target 25C, and a second

target 25D) that are used for 6 adjustment of the wafer
20.

The target 25 is a portion, for example, of a
circuit formed within the limits of a device 22 tha t
includes linear portions parallel to the first chan nels
CH1 and the second channels CH2. As illustrated in FIGS.

4 and 6, the target 25 according to the present

embodiment is shaped like a grid, or more specifica Iy,
formed by causing a pair of parallel bar-shaped por tions
26 extended in the first direction D1 and a pair of

parallel bar-shaped portions 27 extended in the sec ond
direction D2 to cross each other in an orthogonal m anner.
Edges of the bar-shaped portions 26 and bar-shaped

portions 27 each include a linear portion (marked b ya
thick line in FIGS. 4 and 6) parallel to the first

channels CH1 and a linear portion (marked by a thin line

in FIGS. 4 and 6) parallel to the second channels C H2.

13



The outline of the target 25 depicted in FIGS. 4 an
marked by a thick line or a thin line for descripti
purposes in order to facilitate the differentiation
between the linear portions extended in two differe
directions. In reality, the edges of the target 25
not shaped like the thick line or thin line in FIGS
and 6.

As illustrated in FIG. 2, two cut-outs 52 a
formed in the outer circumference of the annular fr
surrounding the wafer 20. The holding table 11 has
plurality of positioning pins 53 that protrude upwa
from the retention surface 11a. The wafer unit on
holding table 11 can be positioned by fitting the
positioning pins 53 into the cut-outs 52.

As illustrated in FIG. 1, the cutting appar

includes imaging means 15 disposed above the holdin

table 11. The imaging means 15 includes a camera t

capable of capturing an image at a low magnificatio

(macro) and at a high magnification (micro). At a

magnification, the imaging means 15 captures an ima

a relatively large region of the surface of the waf
At a high magnification, the imaging means 15 captu
image of the surface area of the wafer 20 that is

projected after being enlarged at a predetermined
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magnification by a microscope. The imaging means 1
includes a charge coupled device (CCD) or other ima
device (not depicted) having a plurality of pixels.
imaging means 15 is capable of relatively moving in
X- and Y-axis directions with respect to the holdin
table 11.

A touch-panel operation panel 30 (see FIGS.
is mounted on the outer surface of the cutting appa
10. The operation panel 30 functions as input mean
inputting operating commands for driving the cuttin
apparatus 10 and as display means displaying, for e
inputted information and the progress of processing
illustrated in FIGS. 4 to 8, an image captured by t
imaging means 15 is displayed in an image display r
31 of the operation panel 30 during a later-describ
alignment process.

A reference mark 32 appears in the image di
region 31. The reference mark 32 is formed of two
straight lines extended in the X- and Y-axis direct
respectively, to cross each other, and of a square
enclosing the two straight lines. The point of
intersection between the two straight lines is posi
at the center of an imaging field of view provided

imaging means 15. The reference mark 32 is display
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the center of the imaging field of view no matter w
the imaging means 15 captures an image at a high
magnification or at a low magnification.

A plurality of arrow keys 33 and a pluralit
arrow keys 34 are displayed in peripheral regions w
the image display region 31. The arrow keys 33 are
for cursor movement in the Y-axis direction (positi
adjustment of the imaging means 15), and the arrow
34 are used for cursor movement in the X-axis direc
(positional adjustment of the imaging means 15). W
of the arrow keys 33 and 34 is operated while an im

captured by the imaging means 15 is displayed in th

image display region 31, the imaging means 15 moves

the Y- or X-axis direction to change the position o
imaging target displayed in the image display regio

Further, a mode selection button 35 for lat

described 6 adjustment and a mode selection button 36 for

later-described street centering are displayed in t
image display region 31.

In the outside of the image display region
the operation panel 30, an apply button 37 and a ca
button 38 are displayed. The apply button 37 appli
example, an inputted operation or numerical value.

cancel button 38 cancels, for example, an inputted
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operation or numerical value.

The cutting apparatus 10 is controlled by ¢
means 40 depicted in FIG. 3. The control means 40
includes, for example, a memory and a processor for
operating each element of the cutting apparatus 10.
3 conceptually illustrates some functions of the co
means 40 as functional blocks. More specifically,
control means 40 includes a central control section
table control section 42, an image processing secti
a display control section 44, an input processing s
45, and a storage section 46. The central control
41 provides overall control of the cutting apparatu
The table control section 42 controls the operation
the holding table 11 (including the o table 13). The
image processing section 43 performs, for example,
processing upon receiving an inputted image signal
concerning an image captured by the imaging means 1
display control section 44 provides display control
the operation panel 30. The input processing secti
performs, for example, reception processing on an
operation input to the operation panel 30. The sto
section 46 stores information concerning, for examp
the later-described alignment process. The control

40 is able to recognize and manage the position of
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element in an image captured by the imaging means 1

coordinate position in the X- and Y-axis directions
the unit of a display pixel in the image display re
31.

The cutting apparatus 10 configured as desc
above performs cutting work along the streets 21 by
the cutting blade 12 in order to divide the wafer 2
individual devices 22 (full-cut) or form a bottomed
half-cut groove between the devices 22. In the cut
apparatus 10, alignment is performed before the cut
work on the wafer 20 to position the cutting blade
a cutting start position of a street 21.

In the alignment step, before the cutting b

Is positioned on a street 21, the wafer 20 is subje

to positioning ( 6 adjustment) in a rotation direction

around a Z-axis so that the first direction D1 and

second direction D2 in which the streets 21 (first

channels CH1 and second channels CH2) are extended

parallel to an X-axis representing the processing f

direction. More specifically, 6 adjustment and

positioning of the cutting blade 12 are performed w

respect to the first channels CH1, 6 adjustment and

positioning of the cutting blade 12 are performed w

respect to the second channels CH2, and then cuttin
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is performed with respect the first channels CH1 an

second channels CH2. The positioning method accord

the present embodiment, which is described below,

particularly provides improved operability and

facilitates 6 adjustment during the alignment step on the

wafer 20, which is manually performed by the operat

the cutting apparatus 10.

First of all, 6 adjustment concerning the first

channels CH1 will be described. FIG. 2 illustrates
exemplary state where a coarsely positioned wafer 2
held. The wafer unit is held in a state where its
approximate position in the rotation direction is s
with respect to the holding table 11 by fitting the
positioning pins 53 into the cut-outs 52 in the fra
More specifically, the first direction D1 (the dire

in which the first channels CH1 are extended) of th
streets 21 is oriented approximately in the X-axis
direction, and the second direction D2 (the directi
which the second channels CH2 are extended) of the
streets 21 is oriented approximately in the Y-axis
direction. However, due, for instance, to an error
support provided through the dicing tape 51, the wa
may be still erroneously positioned in the rotation

direction with respect to the holding table 11. Th
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subsequently to the coarse positioning, higher-accu racy o
adjustment is made by using the imaging means 15.

6 adjustment using the imaging means 15 is made in

a stepwise manner at different imaging magnificatio ns.
First of all, an image of the wafer 20 is captured ata
low magnification by the imaging means 15, and then 8]
adjustment is made with respect to a relatively lar ge
target such as a street 21 on the wafer 20 (this 8]
adjustment is hereinafter referred to as the 6 adjustment
in a low-magnification mode). Although not depicte d, in
the low-magnification mode, an image of a larger re gion
of the wafer 20 than the target 25 whose enlarged i mage
is depicted in FIGS. 4 to 6 is captured to display the
captured object image in the image display region 3 1. The
object image to be displayed in the image display r egion
31 should include, for example, the entire width of at

least one first channel CH1.

While viewing the image captured at a low

magnification and displayed in the image display re gion
31, the operator adjusts the relative position of t he
imaging means 15 with respect to the wafer 20 until the
center of the reference mark 32 in the imaging fiel d of
view coincides with a predetermined first channel C H1. In
this instance, the operator makes positional adjust ments

20



by operating the arrow keys 33 and 34 in the image
display region 31. When the operator performs a fi
applying operation (e.g., turning on the apply butt
on the operation panel 30) after completion of
positioning, the control means 40 registers a coord
position adjusted for the reference mark 32 in the
storage section 46, and then moves the imaging mean
predetermined distance in the X-axis direction with
respect to the wafer 20. The amount of movement in
axis direction can be stored beforehand in the stor
section 46 as a default value.

After the movement in the X-axis direction,
imaging means 15 captures an image again at the low
magnification, and the operator confirms a position
deviation in the Y-axis direction between the
predetermined first channel CH1 and the reference m
If any positional deviation exists in the Y-axis
direction, the position of the imaging means 15 wit
respect to the wafer 20 is adjusted until the cente
the reference mark 32 coincides with the predetermi
first channel CH1. This adjustment is made by allo
the operator to operate the arrow keys 33 and 34 in
image display region 31. When positioning is compl

the operator performs a second applying operation (
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turning on the apply button 37 on the operation pan
The control means 40 stores the amount of deviation
adjustment in the Y-axis direction in the storage s
46.

After the second applying operation, based
aforementioned amount of movement in the X-axis dir
(a change in the coordinate position in the X-axis
direction) and the amount of deviation adjustment i
Y-axis direction (a change in the coordinate positi
the Y-axis direction), the control means 40 calcula
angular difference between the first channel CH1 an

X-axis direction. The table control section 42 the

drives and controls the 6 table 13 so as to rotate the

holding table 11 by the calculated amount of angula
difference in the direction of eliminating the angu

difference.

When 6 adjustment is made in the low-magnification

mode as described above, the degree of coincidence
between the orientation of the first channel CH1 (f
direction D1) and the X-axis direction becomes high
than at the stage of coarse positioning (FIG. 2).
Subsequently, the imaging means 15 is set at a high
magnification to capture an image of the target 25

wafer 20 for the purpose of making more accurate
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adjustment (this 6 adjustment is hereinafter referred to
as the © adjustment in a high-magnification mode).

As is the case with 6 adjustment in the low-
magnification mode, 6 adjustment in the high-
magnification mode can be made by allowing the oper
to operate the arrow keys 33 and 34 on the operatio
panel 30 until the center of the reference mark 32
coincides with a straight line on the target 25. H
operating the arrow keys 33 and 34 to accurately po
the reference mark 32 on a desired straight line is
consuming and requires skills. The cutting apparat
according to the present embodiment is able to easi
surely perform 6 adjustment in a different mode that is
executed by operating the mode selection button 35.
Details are described below.

When the mode selection button 35 is operat
control means 40 first performs a first region imag
step. In the first region imaging step, the imagin
15 captures an image of a first region EA (see FIG.
the wafer 20 at a high magnification. The first re
Is a region including the first target 25A existing
predetermined device 22A that is positioned at one
(the left end in FIG. 2) in the first direction D1.

Subsequently, the control means 40 performs
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region straight line storage step. In the first re
straight line storage step, the image processing se
43 performs image processing to detect the coordina
positions of all straight lines that are included i

first region EA imaged at the high magnification an
positioned within a predetermined angle from the X-
(an allowable angular difference from the X-axis),
stores the detected coordinate positions in the sto
section 46 as individual straight line data includi

coordinates. Due to earlier-described coarse posit

and low-magnification mode 6 adjustment of the wafer 20,

the first channel CH1 extended in the first directi
is positioned within the predetermined angle from t
axis (an allowable angular difference from the X-ax
Accordingly, linear portions that are within the fi
target 25A included in the first region EA and para
to the first channel CH1 (a portion of the target 2
FIG. 4 that is marked by a thick line) is also with
predetermined angle from the X-axis (an allowable a
difference from the X-axis).

If, in the first region straight line stora
no straight line having an allowable angular differ
from the X-axis is detected in the first region EA,

possible cause is that the region imaged by the ima
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means 15 is outside the first region EA including t
first target 25A or the first channel CHL1 is excess
inclined from the X-axis due to improper coarse
positioning and low-magnification mode
the wafer 20. In such an instance, the control mea
should, for example, display a warning on the opera
panel 30 and prompt the operator to set an imaging
again and confirm the rotational position of the wa
FIG. 4 illustrates a state where an image o
first target 25A in the first region EA, which is
captured in the first region imaging step, is displ
in the image display region 31 of the operation pan
In the image display region 31, the left-right dire
corresponds to the X-axis direction, and the up-dow
direction corresponds to the Y-axis direction. A
plurality of linear edges that are included in the
target 25A and marked by a thick line in FIG. 4 are
linear portions that are detected and stored in the
region straight line storage step. More specifical
lateral portions of each bar-shaped portion 26 exhi
a longitudinal direction in parallel with the first
channel CH1 (a total of 12 portions of the two bar-
portion 26) and two longitudinal ends of each bar-s

portion 27 orthogonal to each bar-shaped portion 26
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total of four portions of the two bar-shaped portio
that is, a total of 16 portions, are detected as th
linear portions. The above-described straight line
detection can be achieved by outline extraction bas
a well-known digital image analysis method that use
example, a Sobel filter.

Upon completion of the first region straigh
storage step, the control means 40 updates the
information displayed in the image display region 3
that the operator is able to identify each of the
straight lines detected and stored in the first reg
straight line storage step. Some display methods f
highlighting the straight lines are selectable. Mo
specifically, the straight lines may be highlighted
example, by coloring the linear portions, changing
brightness of the linear portions, or changing the
of the displayed linear portions (e.g., accentuatin
straight lines by using a thick line as indicated i
4). This type of display control is provided by
processing performed in the display control section

In the subsequent first straight line regis
step, the operator operating the cutting apparatus
selects a desired straight line within the first ta

25A from all straight lines stored in the first reg
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straight line storage step (including the 16 linear
portions marked by a thick line in FIG. 4), and reg
the selected straight line as a first straight line
(FIG. 4).

In the configuration depicted in FIG. 4, th
operator selects the first straight line T1 by touc
the operation panel (the image of the first target
displayed in the image display region 31) with a fi
When the selection is made by the operator, the con
means 40 recognizes the coordinate position of the
touched by the finger of the operator, and selects,
the first straight line T1, a stored straight line
coordinate position that is at the shortest distanc
the recognized coordinate position. The distance b
each straight line and a position touched by the fi
of the operator is calculated by conversion from th
number of display pixels in the image display regio
Therefore, even if the position of the image touche
the finger of the operator does not coincide with t
position of a straight line of the first target 25A
the operation accuracy or detection accuracy of the
operation panel 30 is limited, the first straight |
can be selected easily and surely by merely perform

coarse operation.
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In the configuration depicted in FIG. 4, an
central linear portion of the upper one of the two
shaped portions 26 is selected as the first straigh
T1. In this instance, even if the operator touches
position that is slightly deviated in the Y-axis
direction from the first straight line T1, in a cas
where the stored straight line positioned closest t
touched position is the first straight line T1, the
control means 40 recognizes the first straight line
the selected linear portion, and performs input
processing on the assumption that the first straigh
T1 is selected. A selection signal indicative of t
first straight line T1 is then inputted to the inpu
processing section 45 for selection and registratio
purposes.

When the first straight line T1 is selected
registered, the control means 40 moves and position
imaging means 15 as depicted in FIG. 5 so that the
coordinate position of the first straight line T1
selected by the operator coincides with the center
reference mark 32. The operation panel 30 then cle
identifies the selected first straight line T1 from
a plurality of straight lines included in the first

target 25A. This prevents an unintended straight |
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from being selected against the intention of the op
If any undesired straight line is selected, selecti
information concerning a straight line is updated w
the operation panel 30 is touched to select another
straight line. Further, the selection of a straigh

can be reset by operating the cancel button 38 on t
operation panel 30.

When the operator performs an applying proc
(e.g., turns on the apply button 37 on the operatio
panel 30) after the selection of the first straight
T1, the selection and registration of the first str
line T1 in the first straight line registration ste
completed. The position coordinates (X1, Y1) of th
registered first straight line T1 are then detected
stored in the storage section 46.

Next, as depicted in FIG. 2, the imaging me
relatively moves a predetermined distance L (mm) in
X-axis direction with respect to the wafer 20 in or
perform the second region imaging step. In the sec
region imaging step, the imaging means 15 captures
high-magnification image of a second region EB (see
2) of the wafer 20. The second region EB is a regi
including the second target 25B, which exists in a

22B that is positioned at an opposing end (the righ
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end in FIG. 2) in the first direction D1 with respe
the device 22A imaged in the earlier-described firs
region imaging step. The interval between the firs
target 25A and second target 25B in the first direc
D1 of the wafer 20 is predetermined as a default va
The predetermined distance L in the X-axis directio
determined based on the default value. As the earl
described coarse positioning and low-magnification
adjustment of the wafer 20 are completed, the inter
between the first target 25A and second target 25B
first direction D1 is approximate in direction and
to the predetermined distance L in the X-axis direc
Therefore, when the imaging means 15 is relatively
the predetermined distance L with respect to the wa
the second target 25B is within a high-magnificatio
imaging field of view of the imaging means 15.
Next, the second region straight line stora
is performed. In the second region straight line s
step, the coordinate positions of all straight line
are included in the second region EB imaged at the
magnification and are positioned within a predeterm
angle from the X-axis (an allowable angular differe
from the X-axis) are detected by performing image

processing and stored in the storage section 46. S
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line detection and storage in the second region str
line storage step are performed in the same manner
the earlier-described first region straight line st
step, and a plurality of linear portions (16 portio
that are within the second target 25B and marked by
thick line in FIG. 4 are to be detected.

As is the case with the first region straig
storage step, if, in the second region straight lin
storage step, no straight line having an allowable
angular difference from the X-axis is detected in t
second region EB, it is probably due to an error in

Imaging region setup or coarse positioning and low-

magnification mode 6 adjustment. In such an instance, for

example, a warning should be displayed on the opera

panel 30 to report the error to the operator.

Upon completion of the second region straig
storage step, the control means 40 updates the
information displayed in the image display region 3
that the straight lines stored in the second region
straight line storage step are highlighted in the i
display region 31. The straight lines may be highl
for example, by coloring the linear portions, chang
the brightness of the linear portions, or changing

widths of the displayed straight lines (see FIG. 4)
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Next, a second straight line registration s
performed. From all straight lines (see FIG. 4) in
second target 25B that are stored in the second reg
straight line storage step, the operator of the cut
apparatus 10 selects, as a second straight line T2,
straight line corresponding to (in the same positio
relationship as) the first straight line T1 within
first target 25A that is selected and registered in
first straight line registration step. That is, as
depicted in FIG. 4, the operator of the cutting app
10 selects an upper central linear portion of the u
one of the two bar-shaped portions 26 as the second
straight line T2.

As is the case with the earlier-described s
of the first straight line T1, the selection of the
second straight line T2 can be made by allowing the
operator to touch the operation panel 30. Even if
position of an image portion touched by the finger
operator does not perfectly coincide with a straigh
in the second target 25B, a straight line positione
closest to a coordinate position touched by the fin
recognized as the selected second straight line T2.
Therefore, even when the operation accuracy or dete

accuracy of the operation panel 30 is limited, the
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straight line T2 can be selected easily and surely
merely performing a coarse operation.

When the selection of the second straight |
Is inputted, as depicted in FIG. 5, the control mea
updates the information displayed in the image disp
region 31 of the operation panel 30 and performs
positioning so that the coordinate position of the
straight line T2 selected by the operator coincides
the center of the reference mark 32. The operation
30 then clearly identifies the position selected as
second straight line T2. This prevents an unintend
straight line from being selected against the inten
of the operator.

When the operator performs an applying proc
(e.g., turns on the apply button 37 on the operatio
panel 30) after the selection of the second straigh
T2, the selection and registration of the second st
line T2 in the second straight line registration st
completed. The position coordinates (X2, Y2) of th
registered second straight line T2 are then detecte
stored in the storage section 46.

After completion of the second straight lin
registration step, an orientation adjustment step i

performed. In the orientation adjustment step, fro
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difference AY between the position in the Y-axis
direction of the first straight line (coordinate Y1 ) and

the position in the Y-axis direction of the second

straight line (coordinate Y2) and the aforementione d
predetermined distance L in the X-axis direction (s ee FIG.
2), the control means 40 calculates an angular diff erence

6 =arctan(  AY/L) between the first channel CH1 (first

direction D1) of a street 21 and the processing fee d
direction (X-axis direction) (see FIG. 2). Then, a S
indicated by the arrow R in FIG. 2, the table contr ol
section 42 drives and controls the 6 table 13 so as to

rotate the holding table 11 o degrees and adjust the

orientation of the first channel CH1 (first directi on D1)
until it is parallel to the processing feed directi on (X-

axis direction).

When the foregoing steps are performed, 8]
adjustment concerning the first channel CH1 of the Street
21 is completed. After completion of 6 adjustment, a
positioning step is performed to position the cutti ng
blade 12 on the first channel CH1 for cutting work. The
positioning step according to the present embodimen t
provides manual alignment in which the operator of the
cutting apparatus 10 achieves positioning in the X- and
Y-axis directions while viewing an object image (an image

34



of a predetermined portion of the wafer 20) in the

display region 31 of the operation panel 30. The c

blade 12 is properly positioned when, for example,

in the X-axis direction that passes through the cen

the reference mark 32 is positioned to coincide wit

first channel CH1 to be initially cut. When the op

performs an applying procedure (e.g., turns on the

button 37 on the operation panel 30) after position

the alignment of the first channel CH1 terminates.
When the alignment of the first channel CH1

terminated, the control means 40 drives and control

o table 13 through the table control section 42 in s

manner as to rotate the holding table 11 90 degrees

6 adjustment and alignment concerning the second cha

CH2 of a street 21 are performed. Methods of

and alignment concerning the second channel CH2 are

similar to the earlier-described methods of

and alignment concerning the first channel CH1, and

will be briefly described.

image
utting
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ter of

h the
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is
s the
uch a
. Then,
nnel

6 adjustment

o adjustment

thus

Low-magnification mode 6 adjustment concerning the

second channel CH2 is the same as the earlier-descr
adjustment except that the second channel CH2 is us
the reference instead of the first channel CHL1.

The target 25 formed on each device 22 of t
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20 includes a plurality of linear portions parallel
the second channel CH2 (linear portions marked by t
lines in FIGS. 4 to 6). Therefore, these linear po
in the target 25 can be used as the first and secon
straight lines for high-magnification mode
More specifically, in the high-magnification mode
adjustment concerning the second channel CH2, refer
is made to the first target 25C and second target 2
(see FIG. 2) existing respectively in a device 22C
device 22D (see FIG. 2) that are located in differe
positions in the second direction D2 (in a directio
which the second channel CH2 is extended).

In the high-magnification mode
imaging means 15 captures a high-magnification imag
first region EC (see FIG. 2) including the first ta
25C (first region imaging step), and stores all lin
portions having an allowable angular difference fro
X-axis (linear portions of the target 25 that are m
by thin lines in FIGS. 4 to 6) in the storage secti
(first region straight line storage step). The ope
makes reference to the first target 25C displayed i
image display region 31, selects a particular first
straight line from the stored linear portions, and

registers the selected first straight line (first
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straight line registration step).
Next, the imaging means 15 moves a predeter

amount in the X-axis direction, captures a high-

magnification image of a second region ED (see FIG.

including the second target 25D (second region imag
step), and stores all linear portions having an all
angular difference from the X-axis (linear portions
the target 25 that are marked by thin lines in FIGS
6) in the storage section 46 (second region straigh
storage step). The operator makes reference to the
target 25D displayed in the image display region 31
selects and registers a second straight line that i
position corresponding to the position of the first
straight line registered in the first straight line
registration step (second straight line registratio
step).

Upon completion of the second straight line
registration step, the control means 40 performs th
orientation adjustment step in order to adjust the
orientation of the second channel CH2 (second direc

D2) until it is parallel to the processing feed dir

(X-axis direction). 6 adjustment concerning the second

channel CH2 is now completed. Subsequently, the

positioning step is performed. In the positioning
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while viewing an image displayed in the image displ
region 31, the operator manually positions the cutt
blade 12 on the second channel CH2 to be initially
When the operator operates the operation pa

to issue a command for executing cutting work after
completion of alignment including the above-describ
adjustment, cutting work is performed along the str
21. Cutting work is performed automatically by the
control of the control means 40. A selection can b
to specify which of the first channels CH1 and seco

channels CH2 of the streets 21 is to be initially ¢

For example, when 6 adjustment and alignment are

performed in order from the first channels CH1 to t

second channels CH2 as described above, the second

direction D2 in which the second channels CH2 are
extended coincides with the X-axis direction (proce
feed direction). Therefore, the time loss is relat
small when the second channels CH2 are cut prior to
first channels CHL1.

When the second channels CH2 are to be cut
the first channels CH1, the cutting blade 12 is low
in the Z-axis direction to a predetermined cutting
while it is being rotationally driven, and the hold

table 11 and the cutting blade 12 are relatively mo
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the X-axis direction to perform cutting along one s
channel CH2. Subsequently, the cutting blade 12 is
and then the holding table 11 and the cutting blade
are relatively moved in the Y-axis direction (index
to position the cutting blade 12 above an uncut sec

channel CH2 that is to be cut next. Cutting work i

similarly performed on the uncut second channel CH2

When cutting work is completed on all the s
channels CH2, switching is made to cutting work on
first channels CH1. The holding table 11 (
rotated 90 degrees so that the first direction D1 i
which the first channels CH are extended is oriente
the X-axis direction. The cutting blade 12 is then
processing-fed in the X-axis direction to perform c
work on each first channel CH1.

FIG. 6 illustrates variations of the first
second straight line registration steps for
of the wafer 20. In the earlier-described configur
depicted in FIG. 4, the first straight line T1 and
second straight line T2 are selected when the opera
touches an image of the target 25 (first target 25A
second target 25B) displayed on the operation panel
More specifically, the control means 40 performs

processing so that a stored straight line closest t
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coordinate position of the operation panel 30 that
touched by the operator is recognized as the first
straight line T1 or the second straight line T2.
Meanwhile, in the configuration depicted in FIG. 6,
identification data indicative of specific informat
about each straight line is given to a plurality of
linear portions within the target 25 (first target

and second target 25B) that are stored in the first
region straight line storage step and the second re
straight line storage step, and thus the operator o
cutting apparatus 10 makes reference to the
identification data and selects a straight line. |
configuration depicted in FIG. 6, numbering is perf
so that a number is used as the identification data
assigned to each straight line. The operator input
selection information, a number corresponding to th
linear portion to be selected.

More specifically, as mentioned earlier, th
shaped target 25 includes a total of 16 linear port
that are to be detected and stored in the first and
second region straight line storage steps. The dis
control section 44 of the control means 40 displays
information on the operation panel 30 while the num

to 16 are laid over the 16 liner portions (see FIG.
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The operator of the cutting apparatus 10 inputs, in
number input section 48 in an input area 47 of the
operation panel 30, the number of the linear portio
be selected as the first straight line T1 or the se
straight line T2 (the number 3 is selected in FIG.
The number can be inputted through a keyboard (not
depicted) or by touching a number displayed on a pu
down menu of the number input section 48. When the
button 37 on the operation panel 30 is operated aft
number is inputted, the linear portion numbered 3 i
selected and registered as the first straight line
the second straight line T2.

In the configuration depicted in FIG. 6, th
straight line or the second straight line is select
inputting the number assigned to a straight line.
Therefore, the operator can select a straight line
clearer, easier-to-remember manner than when select
the straight line by using imaged positional inform
alone. Further, when selecting a straight line, th
operator need not touch the image of the target 25
the image display region 31. Therefore, the influe
the operation accuracy of the operation panel 30 is
unlikely. This makes it possible to build a simple

operation system. Meanwhile, the configuration dep
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in FIG. 4, in which a linear portion of the image o
target 25 is to be touched, has a visual appeal and
excellent in intuitiveness.

As regards the first straight line registra
step and the second straight line registration step
configurations depicted in FIGS. 4 and 6 have their
advantages as described above. Therefore, an appro
configuration may be adopted depending on which adv
is highly valued. An alternative is to provide inp
modes for selecting the configuration depicted in F
and selecting the configuration depicted in FIG. 6,
allow the operator to switch between the input mode
appropriate for the selection of a straight line.

Instead of numbers (numerals) depicted in F
for example, characters, such as alphabetical chara
and symbols other than the characters may be used a
specific information to be given to the linear port

An embodiment applied to centering (center
adjustment) will now be described with reference to
7 and 8. Centering is performed to position the
processing means at the widthwise center of a stree

on the wafer 20. Centering is performed after earl

described 6 adjustment. That is, the first direction D1

(see FIG. 2), in which the first channels CH1 of th
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streets 21 are extended, and the second direction D
FIG. 2), in which the second channels CH2 are exten
are already adjusted to coincide with the X-axis
direction and the Y-axis direction.

When the mode selection button 36 is operat
control means 40 performs an imaging step. A targe
imaged in the imaging step is a predetermined one o
plurality of streets 21 extended in the X-axis dire
With the position and magnification of the imaging
15 set, imaging is performed so that the entire wid
the Y-axis direction of the predetermined street 21
within the imaging field of view (see FIG. 7).

Next, the control means 40 performs a strai
storage step. In the straight line storage step, i
processing is performed in the image processing sec
43 to detect the coordinate positions of all straig
lines extended in the X-axis direction from a regio
imaged in the imaging step, and the detected coordi
positions are stored in the storage section 46 as
individual straight line data including the coordin
positions. At a stage where center adjustmentis m
adjustment is completed. Therefore, opposing ends
street 21 extended in the X-axis direction, which a

apart from each other in the Y-axis direction, corr
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to a straight line that is to be detected and store
the straight line storage step. In the example of

a straight line F1 and a straight line F2 are detec
outer portions of the opposing ends of the street 2
a straight line F3 and a straight line F4 are detec
inner portions of the opposing ends of the street 2
Coordinate data concerning each of these straight |
is stored.

The display control section 44 then perform
processing so as to update the information displaye
the image display region 31 and highlight each stra
line stored in the straight line storage step so th
each straight line can be identified (each straight
is highlighted, for example, by coloring it, changi
brightness, or changing its width). The straight |
F2, F3, and F4 depicted in FIG. 7 are in a highligh
state.

In the example of FIG. 7, only the straight
F1, F2, F3, and F4 indicative of the edges of the s
21 are detected and stored. However, if a linear p
extended in the X-axis direction within the imaging
region exists at a portion other than the edges of
street 21, the associated straight line is also det

stored, and highlighted in the straight line storag
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Next, a straight line registration step is
performed. In the straight line registration step,
all straight lines stored in the straight line stor
step, the operator operating the cutting apparatus
selects two straight lines respectively indicating
opposing ends in the Y-axis direction of the street
In this instance, when a straight line (F1 or F2) a
outer portion of an edge is selected on one side of
street 21, a straight line (F2 or F1) at the outer
portion of an edge is also selected on the other si
the street 21. Similarly, when a straight line (F3
at the inner portion of an edge is selected on one
of the street 21, a straight line (F4 or F3) at the
portion of an edge is also selected on the other si
the street 21. That is, two straight lines symmetr
the Y-axis direction with respect to the center of
street 21 are selected. The selected two straight
(F1 and F2 or F3 and F4) are then registered.

In the straight line registration step, str

lines may be selected and registered by allowing th

operator to touch the operation panel 30 with an
operator’s finger or input, for example, a number,

character, or symbol assigned to a straight line, a

the case with the earlier-described 6 adjustment.
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FIG. 7 illustrates a case where the operato
selects a straight line by touching the operation p
30. The control means 40 recognizes the coordinate
position of an image portion firstly touched by the
finger of the operator, and selects a stored straig
line closest the recognized coordinate position as
first straight line. Next, the control means 40
recognizes the coordinate position of an image port
secondly touched by the finger of the operator, and
selects a stored straight line closest the recogniz
coordinate position as the second straight line. W
operator performs an applying procedure (e.g., turn
the apply button 37 on the operation panel 30) afte
selection of the second straight line, the selectio
registration of each straight line in the straight
registration step is completed. The position coord
of each registered straight line are then detected
stored in the storage section 46.

When the first and second straight lines
corresponding to the opposing ends of a street 21 a
be selected, the control means 40 moves and positio
imaging means 15 so that the coordinate position of
selected straight line coincides with the center of

reference mark 32 (a line extended in the X-axis
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direction within the reference mark 32). Therefore
selected straight lines can be clearly identified o
operation panel 30. If an unintended straight line
selected, the selection of such a straight line can
reset, for example, by operating the cancel button
the operation panel 30.

As described above, in the straight line
registration step, a straight line can be selected
and surely from among the straight lines F1, F2, F3
F4 stored in the storage section 46 by touching a
straight line or the vicinity of the straight line.
Therefore, the selection of a straight line is not
consuming and can be made without operating the arr
keys 33 and 34 in a deliberate manner to align the
straight line with the center of the reference mark
The same advantages are obtained even when the stra
line registration step is performed in a configurat
which, for example, a number assigned to a straight
F1, F2, F3, F4 is inputted (a configuration depicte
FIG. 6).

When the selection and registration of the
and second straight lines is completed in the strai
line registration step, a centerline G (FIG. 8) pas

through the widthwise center of a street 21 is dete
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as a straight line that is located at a position eq
distant from the coordinate positions in the Y-axis
direction of the first and second straight lines (|

at an intermediate position in the Y-axis direction
extended in the X-axis direction. More specificall
the number of display pixels in the Y-axis directio
between the first and second straight lines within
image display region 31 is Pn, the control means 40
the centerline G as a straight line passing through
position that is equally distant from the first and

second straight lines by Pn/2. As depicted in FIG.

control means 40 moves the imaging means 15 in acco

with the coordinate data concerning the selected tw
straight lines so that the centerline G of the stre
passes through the center of the reference mark 32.

The relative positional relationship betwee
imaging means 15 and the cutting blade 12 is
predetermined. Therefore, the cutting blade 12 is
positioned on the centerline G of the street 21 by
relatively moving the imaging means 15 and the wafe
from a state depicted in FIG. 8 in accordance with
coordinate data concerning both the imaging means 1
the cutting blade 12. That is, the positioning ste

completed.
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As described above, the workpiece positioni ng

method according to the present embodiment performs image
processing to detect and store the coordinate posit ions
of all straight lines that exist within a region im aged

by the imaging means 15 and satisfy predetermined

conditions (straight lines positioned within a

predetermined angle from the X-axis direction (with inan
allowable limit) in the case of 6 adjustment or straight
lines extended in the X-axis direction in the case of
street centering). Accordingly, the operator is ab le to
easily and surely complete the registration of a st raight
line used as a target for 6 adjustment or street
centering merely by selecting a desired straight li ne
from the stored straight lines and without performi ng
delicate cursor work on the operation panel 30. Th is
results in an increase in the throughput of alignme nt
operations.

Further, the information displayed on the o peration
panel 30 is updated as depicted in FIG. 5 in respon se to
an operator’s selection of a straight line. This i mproves

the identifiability of a selected straight line and
reduces the possibility of an erroneous operation f or the
registration of a straight line.

The first and second straight lines registe red in
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the first and second straight line registration ste ps,

which are performed for 6 adjustment, are such that the

amount of positional deviation in the Y-axis direct ion
increases with an increase in the distance in the X -axis
direction between the first and second straight lin es.
That is, the accuracy of coordinate position detect ion
increases to reduce the possibility of error in ang ular
difference calculation in the orientation adjustmen t step.
Therefore, the first and second region imaging step s for

6 adjustment according to the foregoing embodiments

capture the images of the targets 25A and 25B withi n the
devices 22A and 22B, which are most distant from ea ch
other in the first direction D1, and the images of the
targets 25C and 25D within the devices 22C and 22D, which
are most distant from each other in the second dire ction
D2. However, in contrast to the foregoing embodime nts, a
target 25 within a device 22 positioned at a locati on
other than the opposing ends of the first direction D1
and second direction D2 can be selected as an imagi ng
target.

The first and second straight line registra tion
steps for 6 adjustment can be performed by using various
characteristic patterns that are formed by elements and
wires included in a device on a workpiece and provi ded

50



with predetermined straight lines. For example, a grid-
shaped target 25 is used for 6 adjustment according to

the foregoing embodiments. However, the shape and

configuration of an index used for 6 adjustment are not
limited to those of the grid-shaped target 25.

Further, a technology for facilitating the

selection of a straight line in an captured image a S
described in conjunction with the foregoing embodim ents
Is also effective in a teach mode. The teach mode is a

mode in which an alignment mark (image) and street

information serving as a reference necessary for

alignment processing are registered in the processi ng
apparatus. The teach mode makes it possible to sto re the
shape of a target and the distance from the target toa
street in the processing apparatus. Operations in the
teach mode are manually performed while the operato ris
viewing an image captured by the imaging means. Th erefore,
operability improvement for the selection of a stra ight

line is effective.
Before high-magnification mode 6 adjustment with
the imaging means 15, the foregoing embodiments per form
coarse positioning by using the holding table 11
(positioning pins 53) and the frame 50 (cut-outs 52 ), and

make low-magnification mode 6 adjustment by using the
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imaging means 15. However, 6 adjustment may alternatively

be made in a different configuration. For example,
contrast to the foregoing embodiments, coarse posit
may be performed by using, for example, an orientat
flat formed on a wafer. The present invention is
applicable not only to a cutting apparatus describe
example, in conjunction with the foregoing embodime
but also widely applicable to processing apparatuse
require the positioning of processing means with re
to a street.

Further, for example, the material of the w
and the type of device formed on the workpiece are
limited. For example, various workpieces may be us
including semiconductor device wafers, optical devi
wafers, package substrates, semiconductor substrate
inorganic material substrates, oxide wafers, raw ce
substrates, and piezoelectric substrates. A silico
or compound semiconductor wafer on which devices ar
formed may be used as a semiconductor device wafer.
sapphire wafer or silicon carbide wafer on which de
are formed may be used as an optical device wafer.
size package (CSP) substrate may be used as a packa
substrate. As a semiconductor substrate, for examp

silicon or gallium arsenide may be used. As an ino
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material substrate, for example, sapphire, ceramic,
glass may be used. As an oxide wafer, lithium tant
or lithium niobate may be used no matter whether or
devices are already formed on it.

Furthermore, embodiments of the present inv
are not limited to the foregoing embodiments and
exemplary modifications, and may be variously chang
replaced, or modified without departing from the
technical idea of the present invention. Moreover,
technical idea of the present invention can be
implemented by a different method based on newly ad
or derived technologies, such a method may be used
implement the present invention. Consequently, the
of the claim of the present invention covers all po
embodiments that may be included within the scope o
technical idea of the present invention.

As described above, the positioning method

according to the embodiments of the present inventi

or
alate

not

ention
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if the

vanced

to

scope

ssible

f the

on

provides improved operability during 6 adjustment of a

workpiece and centering of a street for alignment
purposes, and contributes toward an increase in the
efficiency of a processing apparatus that processes
workpiece along the street.

The present invention is not limited to the
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of the above-described preferred embodiments. The
of the invention is defined by the appended claims
all changes and modifications as fall within the
equivalence of the scope of the claims are therefor

be embraced by the invention.

54

scope

and

eto



VWHAT IS CLAIMED | S:
1. A positioning method for positioning pr
means with respect to a plurality of streets before

holding a workpiece with a rotatable holding table

allowing the processing means to perform processing

of the workpiece in an X-axis direction along the s
the workpiece having a plurality of surface-mounted
devices formed in a region divided by the streets a
in a first direction and in a second direction, the
second direction being orthogonal to the first dire
the positioning method comprising:

an imaging step of using imaging means to c
an image of a region including an operator-selected
target or street among the plurality of streets on
workpiece;

a straight line storage step of, after comp
of the imaging step, performing image processing to
detect and store coordinate positions of all
predetermined straight lines formed on an upper sur
of a device among the plurality of devices and/or t
street in the region;

a straight line registration step of, after
completion of the straight line storage step, allow

the operator to select a specific straight line in
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target or on the street from all the straight lines
register the selected straight line; and
a positioning step of positioning the proce
means with respect to the street in accordance with
coordinate data concerning the straight line select
registered in the straight line registration step.
2. The positioning method according to cla
wherein the imaging step, the straight line
step, and the straight line registration step inclu
a first region imaging step of capt
image of a first region including a first target th
selected by the operator with the imaging means,
a first region straight line storag
performing image processing to detect and store
coordinate positions of all straight lines that are
formed on the upper surface of the device and/or th
street in the first region and have an allowable an
difference from an X-axis,
a first straight line registration
after completion of the first region straight line
storage step, allowing the operator to select a str
line in the first target from all the straight line
register the selected straight line as a first stra

line,
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a second region imaging step of, af

completion of the first straight line registration

moving the imaging means by a predetermined distanc

(mm) in a processing feed direction from the first
and capturing an image of a second region including
second target identical with the first target,

a second region straight line stora
of performing image processing to detect and store
coordinate positions of all straight lines that are
formed on the upper surface of the device and/or th
street in the second region and have an allowable a
difference from the X-axis, and

a second straight line registration
after completion of the second region straight line
storage step, allowing the operator to select a str
line in the second target from all the straight lin
register the selected straight line as a second str
line,

the positioning method further includes an

orientation adjustment step of, after completion of

second straight line registration step, calculating

angular difference 6 =arctan(  AY/L) between the street

and the processing feed direction from the differen

between a Y-axis direction position of the first st
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line and a Y-axis direction position of the second

straight line and from the predetermined distance L

rotating the holding table 6 degrees until the

orientation of the street is parallel to the proces
feed direction, and

the positioning step is performed after com
of the orientation adjustment step.

3. The positioning method according to cla
wherein the first straight line registration step a
second straight line registration step are such tha
coordinate position of the straight line selected f
all the straight lines by the operator is relativel
as a reference position of the imaging means.

4. The positioning method according to cla

wherein the imaging step captures an image
region including the entire width in a Y-axis direc
of the street extended in the X-axis direction,

the straight line storage step detects and
all straight lines extended in the X-axis direction
within the region imaged in the imaging step,

the straight line registration step allows
operator to select two straight lines indicative of
opposing ends in the Y-axis direction of the street

all the straight lines and register the selected tw
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straight lines, and

the positioning step positions the processi
at an intermediate position in the Y-axis direction
the two straight lines selected and registered in t

straight line registration step.
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