PROCESSI NG METHOD OF WORKPI ECE

BACKGROUND CF THE | NVENTI ON

Field of the Invention

The present invention relates to a processing
nmet hod for processing a workpiece having coating |ayers
that reflect a visible light ray on the front and back
surface sides.

Description of the Related Art

Wen a plate-shaped workpiece typified by a
sem conductor wafer is processed, processing apparatus
including a chuck table for holding the workpiece and a
processing unit for processing the workpiece held by the
chuck table is used. Wen the workpiece is processed by
this processing apparatus, processing called alignnment
for causing the processing apparatus to recognize the
position, orientation, and so forth of the workpiece
needs to be execut ed.

In the alignnent, for exanple, the workpiece held
by the chuck table is inmaged by an inaging unit and a
pattern that corresponds wth a characteristic key
pattern (target pattern, alignment mark) stored in the
processing apparatus in advance is found out from the

wor kpi ece. Then, the chuck table is rotated based on the



position of the found-out pattern to adjust the
orientation of the workpiece (for exanple, refer to
Japanese Patent Lai d-open No. Hei 7-106405). Furthernore,
from the distance between a planned processing |ine
(street) and the key pattern stored in the processing
apparatus and the position of the found-out pattern, the
position of the actual planned processing line 1is
cal cul ated. Thereafter, by adjusting the processing unit
to the <calculated position of the actual pl anned
processing line, the workpiece can be processed along

this planned processing |ine.

SUMMARY OF THE | NVENTI ON

However, for exanple, if <coating layers that
reflect a visible light ray are formed on the front and
back surface sides of the workpiece, it is inpossible to
carry out the above-described alignment by using a nornal
i magi ng unit having sensitivity to the visible light ray.
In this case, for exanple, an imaging unit having
sensitivity to a near-infrared ray transmtted through
the coating layers is used. However, if the pattern for
alignnment formed in the workpiece does not reflect the
near-infrared ray (specifically, for exanple, if the

pattern absorbs the near-infrared ray), it is inpossible



to properly detect the pattern in the workpiece although
the imaging unit having sensitivity to the near-infrared
ray is used. For this reason, wth the conventional
processing nethod, it is difficult to accurately process
such a wor kpi ece.

Thus, an object of the present invention is to
provide a processing nethod suitable for processing of a
wor kpi ece having coating layers that allow transm ssion
of a near-infrared ray through the coating |ayers and
reflect electromagnetic waves with the other wavel engths
and an alignnent mark that absorbs this near-infrared ray.

In accordance wth an aspect of the present
invention, there is provided a processing nethod for
processing a workpiece having a substrate that allows
transm ssion of a near-infrared ray with wavelengths in a
predeterm ned range through the substrate, an alignnent
mark that is formed on the front surface side of the
substrate and absorbs the near-infrared ray, and coating
| ayers with which the front surface side and a back
surface side of the substrate are coated. The coating
| ayers allow transmssion of the near-infrared ray
through the coating layers and reflect electronagnetic
waves W th wavel engths other than the wavel engths in the

predet erm ned range. The processing nethod includes a



hol ding step of holding the front surface side of the
wor kpi ece on which the alignment mark is formed by a
hol ding table having a holding surface that reflects the
near-infrared ray and exposing the back surface side and
an imaging step of emtting the near-infrared ray toward
the back surface side of the workpiece held by the
holding table and imaging the workpiece by an inmaging
unit that has sensitivity to the near-infrared ray and
faces the back surface side of the workpiece to form a
captured image after the holding step is carried out. The
processing nethod also includes an alignment mark
detection step of detecting the alignnment mark based on
the captured inage after the imging step is carried out
and a processing step of processing the workpiece held by
the holding table by a processing unit based on the
detected alignnent mark after the alignnent mar k
detection step is carried out.

In the processing nethod in accordance with the one
aspect of the present invention, the near-infrared ray
emtted to the workpiece is absorbed by the alignnent
mar k whereas the near-infrared ray is transmtted through
the workpi ece and reaches the holding table in the other
regi on. The near-infrared ray that has reached the

hol ding table is reflected by the holding surface of this
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hol di ng table. Thus, by imaging the workpiece by the
I magi ng unit having sensitivity to the near-infrared ray
and form ng the captured inage, the alignnment mark can be
properly detected based on the captured image. Thus,
according to the processing nethod in accordance with the
one aspect of the present invention, it becones possible
to properly process the workpiece having the coating
| ayers that allow transm ssion of the near-infrared ray
through the coating layers and reflect electromagnetic
waves with the other wavel engths and the alignnment mark
that absorbs this near-infrared ray.

The above and other obj ect s, features and
advantages of the present invention and the nanner of
realizing them wll becone nore apparent, and the
invention itself wll best be understood from a study of
the followng description and appended claim wth
reference to the attached drawings showing a preferred

enbodi nent of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS
FIG 1A is a schematic diagram for explaining a
hol di ng st ep;
FIG 1B is a schematic diagram for explaining an

I magi ng step;



FIG 2A is a schematic diagram for explaining an
al i gnnment mark detection step; and
FIG 2B is a schematic diagram for explaining a

cutting step (processing step).

DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENT

An enbodi nrent according to one aspect of the
present invention will be described with reference to the
acconpanyi ng drawi ngs. A processing nethod according to
the present enbodinent s a processing nethod for
processing a workpiece having coating layers that allow
transm ssion of a near-infrared ray through the coating
| ayers and reflect electromagnetic waves with the other
wavel engt hs and an alignnent mark that absorbs this near-
infrared ray. The processing nethod includes a holding
step (see FIG 1A), an imaging step (see FIG 1B), an
alignment mark detection step (see FIG 2A), and a
cutting step (processing step) (see FIG 2B). In the
hol ding step, the front surface side of the workpiece on
which the alignment mark is formed is held by a chuck
table (holding table) having a holding surface that
reflects the near-infrared ray and the back surface side
is exposed. In the inmaging step, the near-infrared ray is

emtted toward the back surface side of the workpiece,



and the workpiece is imged by an imaging unit (inmaging
means) that faces the back surface side of this workpiece
and has sensitivity to the near-infrared ray to form an
i mge (captured inmage). In the alignment mark detection
step, the position of the alignment mark is detected
based on the inmage forned in the inmaging step. In the
cutting step, the workpiece is cut (processed) by a
cutting unit (cutting means, processing unit, processing
neans) based on the position of the alignnment mark
detected in the alignment nmark detection step. The
processing method according to the present enbodi nment
w || be described in detail below.

In the processing nethod according to the present
enbodi nent, first the holding step of holding the
wor kpi ece by the chuck table is carried out. FIG 1A is a
schematic diagram for explaining the holding step. The
holding step is carried out by using cutting apparatus
(processing apparatus) 2 shown in FIG 1A, for exanple.
The cutting apparatus 2 includes a chuck table (holding
table) 4 for holding a workpiece 11. The chuck table 4 is
joined to a rotational drive source (not shown) such as a
notor, for exanple, and rotates around a rotation axis
substantially parallel to the wvertical di rection.

Furthernore, a processing-feed nechanism (not shown) is



provi ded below the chuck table 4 and the chuck table 4
noves in a processing-feed direction by this processing-
feed nmechanism The upper surface of the chuck table 4
serves as a holding surface 4a for sucking and holding
the workpi ece 11. The holding surface 4a is forned into a
mrror surface shape and reflects at | east part
(wavel engths in a partial range of 780 to 2500 nm of a
near-infrared ray (el ectromagnetic waves havi ng
wavel engt hs of 780 to 2500 nn), for exanple. Moreover, an
opening 4b is made at part of the holding surface 4a.
This opening 4b is connected to a suction source 8
through a suction path 4c fornmed inside the chuck table 4,
a valve 6, and so forth. By opening the valve 6 and
causing a negative pressure of the suction source 8 to
act on the opening 4b, the workpiece 11 is sucked and
hel d by the chuck table 4.

The workpiece 11 includes a substrate 13 that
allows transmssion of the near-infrared ray as the
above-descri bed part (partial range) (hereinafter,
referred to sinply as the near-infrared ray) through the
substrate 13. This substrate 13 is formed by using a
mat eri al such as glass, quartz, or sapphire, for exanple.
However, there is no particular |[imt to the material,

shape, size, and so forth of the substrate 13. For



exanple, it is also possible to use a wafer including a
sem conductor material such as silicon as the substrate
13. On the side of a front surface 13a of the substrate
13, alignment marks (patterns) 15 that absorb the near-
infrared ray are forned. Furthernore, the side of the
front surface 13a and the side of a back surface 13b of
the substrate 13 are coated with coating layers 17 that
allow transm ssion of the near-infrared ray through the
coating layers 17 and reflect 1light (electromagnetic
waves) wth the other wavel engths. For exanple, the
alignnment marks 15 are forned of a material that shows
absorbability wth respect to the near-infrared ray, and
the coating layers 17 are formed of a material that shows
transmssibility with respect to the near-infrared ray
and shows reflectivity with respect to light with the
ot her wavel engths (typically visible light ray). However,
there is no I|limt to the mterial, shape, si ze
(thickness), and so forth, of the alignment marks 15 and
the coating layers 17. For exanple, it is also possible
to form the alignment marks 15 by a nmethod of altering
(nodi fying) the front surface 13a of the substrate 13 or
the like. The workpiece 11 configured in this manner is
processed along planned processing lines (streets) 19

(see FIG 2A) specified based on the alignnent marks 15.



In the holding step, the side of a front surface
11a of the workpiece 11 corresponding to the side of the
front surface 13a of the substrate 13 is brought into
contact with the holding surface 4a of the chuck table 4
and the valve 6 is opened to cause the negative pressure
of the suction source 8 to act on the workpiece 11.
Thereby, the workpiece 11 is held by the chuck table 4 in
the state in which the coating layer 17 on the side of a
back surface 11b on the opposite side to the front
surface l1lla is exposed upward. To the side of the front
surface 1lla of the workpiece 11, a protective nenber or
the like that allows transm ssion of the near-infrared
ray through the protective nmenber may be stuck in advance.

After the holding step, the inmaging step of imaging
the workpiece 11 by the imaging unit (imaging neans)
having sensitivity to the near-infrared ray and formng
an image is carried out. FIG 1B is a schematic diagram
for explaining the inaging step. The inmaging step is
carried out by using the cutting apparatus 2 continuously.
As shown in FIG 1B, a light source (near-infrared ray
radi ation neans) 10 for radiating the near-infrared ray
is disposed above the chuck table 4. Furt hernore, an
i magi ng unit (inmaging neans) 12 for inmagi ng the workpi ece

11 is provided at a position adjacent to the light source
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10. The light source 10 emits a near-infrared ray 2la
with such a wavelength as to be transmtted through the
substrate 13 and the coating layers 17 toward the side of
the back surface 11b of the workpiece 11. As this |ight
source 10, a lanmp in which halogen, rare gas, and so
forth are enclosed, an infrared light enmtting diode
(LED), an infrared |aser diode (LD), and so forth can be
used, for exanple. However, there is no particular limt
to the kind and so forth of the Ilight source 10. The
imaging unit 12 includes an imaging elenment (light
receiving elenent) having sensitivity to the near-
infrared ray 2la and inmages the workpiece 11 and so forth
in the state of being irradiated with the near-infrared
ray 2la to form an image (captured inmage). The |i ght
source 10 and the imaging unit 12 are supported by a
novenent mechani sm (not shown) and nove in an indexing-
feed direction perpendicular to the processing-feed
direction and in the vertical direction (direction
perpendi cular to the processing-feed direction and the
i ndexi ng-feed direction) by this novenent nechani sm

In the imaging step, first the chuck table 4 is
noved relative to the light source 10 and the inmaging
unit 12 and the light source 10 and the imaging unit 12

are positioned above an arbitrary region of the workpiece
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11. Thereafter, the near-infrared ray 2la is emtted from
the light source 10 toward the side of the back surface
11b of the workpiece 11. In conjunction with this, the
workpiece 11 is imaged by the imaging unit 12. As
descri bed above, the substrate 13 and the coating |ayers
17 formng the workpiece 11 allow transm ssion of the
near-infrared ray 2la through the substrate 13 and the
coating layers 17 and the alignnment marks 15 absorb the
near-infrared ray 2la. For this reason, the near-infrared
ray 2la enmtted to the regions corresponding to the
alignnment nmarks 15 is absorbed by the alignnent marks 15
and does not reach the chuck table 4. On the other hand,
the near-infrared ray 2la emtted to the other region is
transmtted through the <coating layers 17 and the
substrate 13 and reaches the chuck table 4.

The holding surface 4a of the chuck table 4 is
configured to be capable of reflecting the near-infrared
ray 2la. Thus, the near-infrared ray 2la transnmtted
through the coating layers 17 and the substrate 13 to
reach the chuck table 4 is reflected by the holding
surface 4a of the chuck table 4. Part of a near-infrared
ray 21b after the reflection is simlarly transmtted
through the coating layers 17 and the substrate 13 and

reaches the imaging unit 12. Based on this near-infrared
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ray 21b, the imaging unit 12 fornms an imge (captured
image) 23 (see FIG 2A) suitable for discrimnation of
the alignment marks 15. The formed imge 23 is stored in
a storing unit (not shown) of the cutting apparatus 2
together with information relating to the positiona
rel ati onship between the chuck table 4 and the imging
unit 12, for exanple.

After the imging step, the alignnent mar k
detection step of detecting the positions of the
alignnment marks 15 based on the forned inmage 23 is
carried out. This alignnment mark detection step is
carried out by a control unit (control neans) (not shown)
of the cutting apparatus 2, for exanple. FIG 2A is a
schematic diagram for explaining the alignnent mark
det ection step.

As shown in FIG 2A in the image 23 forned in the
I magi ng step, the alignnment marks 15 are captured in a
discrimnable form In the alignment mark detection step,
for exanple by a nmethod of pattern matching or the Iike
to search for a shape having a high correlation with a
shape registered in advance, the alignnent marks 15 in
the imge 23 are found out and the positions thereof
(coordinates in the inmage 23) are obtained. As described

above, the positional relationship between the chuck
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table 4 and the imaging unit 12 in acquisition of the
image 23 is stored in the storing unit of the cutting
apparatus 2. Thus, the control wunit can recognize the
positions of the alignment marks 15 in the «cutting
apparatus 2 from this positional relationship and the
positions (coordinates) of the alignnment nmarks 15 in the
I mage 23. That is, the control unit can recognize the
position of the planned processing line 19 specified by
the alignnment marks 15.

After the alignment nmark detection step, the
cutting step of cutting the workpiece 11 based on the
detected positions of the alignment marks 15 is carried
out. FIG 2B is a schematic diagram for explaining the
cutting step. The cutting step is carried out by using
the cutting apparatus 2 continuously. As shown in FIG 2B
the cutting apparatus 2 further includes a cutting unit
(cutting neans, processing unit, processing neans) 14
di sposed above the chuck table 4.

The cutting unit 14 includes a spindle (not shown)
t hat serves as a rotation axi s substantially
per pendi cul ar to t he processi ng-f eed di rection
(substantially parallel to the indexing-feed direction).
An annular cutting blade 16 obtained by dispersing

abrasive grains in a binding material is nounted to one
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end side of the spindle. A rotational drive source (not
shown) such as a nmotor is joined to the other end side of
the spindle and the cutting blade 16 nobunted to the one
end side of the spindle rotates by a force transmtted
from this rotational drive source. Furthernore, the
spindle is supported by the above-described novenent
mechani sm (not shown). The cutting blade 16 noves in the
i ndexing-feed direction and the vertical direction by
this novenent nmechanism A nozzle (not shown) for
supplying a cutting liquid to the cutting blade 16 and
the workpiece 11 is disposed near the cutting bl ade 16.

In the cutting step, first the chuck table 4 is
rotated to adjust the direction in which the planned
processing line 19 as the target extends to the
processing-feed direction of the cutting apparatus 2.
Furthernore, the chuck table 4 and the cutting unit 14
are relatively noved to adjust the position of the
cutting blade 16 to the upper side of an extended |ine of
the planned processing line 19 as the target. Then, the
| oner end of the cutting blade 16 is noved to a position
that is at least |lower than the back surface 11b of the
wor kpi ece 11. Thereafter, the chuck table 4 is noved in
the processing-feed direction while the cutting blade 16

Is rotated. In conjunction with this, the cutting liquid
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is supplied from the nozzle to the cutting blade 16 and
the workpiece 11. Thereby, the cutting blade 16 can be
made to cut into the workpiece 11 along the planned
processing line 19 of the target and the workpiece 11 can
be cut. The above-described rotation of the chuck table 4
and the relative novenent of the chuck table 4 and the
cutting unit 14 are carried out based on the positions of
the alignnent marks 15 (planned processing line 19)
checked in the alignment mark detection step.

As described above, in the processing nmethod of the
present enbodi ment, the near-infrared ray 2la emtted to
the workpiece 11 is absorbed by the alignnment marks 15
whereas the near-infrared ray 2la is transmtted through
the workpiece 11 and reaches the chuck table (holding
table) 4 in the other region. The near-infrared ray 2la
that has reached the chuck table 4 is reflected by the
hol ding surface 4a of this chuck table 4. Thus, by
i maging the workpiece 11 by the imaging unit (inmaging
means) 12 having sensitivity to the reflected near-
infrared ray 21b and formng the imge (captured inage)
23, the alignnment marks 15 can be properly detected based
on this inmage 23.

The present invention is not Ilimted to the

description of the above-described enbodi nent and can be

16



carried out wth various changes. For exanple, in the
above-descri bed enbodinent, the exanple in which the
workpiece 11 is cut by using the cutting apparatus 2
including the cutting unit (cutting neans) 14 is
expl ai ned. However, the processing nmethod of the present
invention is not limted to this form For exanple, it is
also possible to use |aser processing apparatus
(processing apparatus) including a |laser processing unit
(l aser processing neans, processing unit, processing
nmeans) and process the workpiece 11 by a | aser beam

The present invention is not limted to the details
of the above described preferred enbodi nent. The scope of
the invention is defined by the appended claim and all
changes and nodifications as fall within the equival ence
of the scope of the clains are therefore to be enbraced

by the invention.
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WHAT IS CLAIMED | S

1. A processing nethod for processing a workpiece
having a substrate that allows transm ssion of a near-
infrared ray with wavelengths in a predeterm ned range
through the substrate, an alignnent mark that is forned
on a front surface side of the substrate and absorbs the
near-infrared ray, and coating layers with which the
front surface side and a back surface side of the
substrate are coated, the coating Jlayers allowng
transm ssion of the near-infrared ray through the coating
| ayers and reflecting el ectromagnetic waves W th
wavel engt hs ot her t han t he wavel engt hs i n t he
predet erm ned range, the processing nethod conpri sing:

a holding step of holding the front surface side of
the workpi ece on which the alignment mark is fornmed by a
hol di ng table having a holding surface that reflects the
near-infrared ray and exposi ng the back surface side;

an imaging step of emtting the near-infrared ray
toward the back surface side of the workpiece held by the
holding table and imaging the workpiece by an inmaging
unit that has sensitivity to the near-infrared ray and
faces the back surface side of the workpiece to form a
captured imge after the holding step is carried out;

an alignment mark detection step of detecting the
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alignnment mark based on the captured image after the
I magi ng step is carried out; and

a processing step of processing the workpiece held
by the holding table by a processing unit based on the
detected alignnent mark after the alignnent mar k

detection step is carried out.
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