PROCESSI NG METHOD OF WORKPI ECE

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a processing
nmet hod of a workpiece in which the workpiece with a
circular disc shape is processed by a pul sed | aser beam
havi ng such a wavel ength as to be absorbed by the
wor kpi ece.

Description of the Related Art

Along with reduction in a size and a wei ght of
el ectronic equipnent in recent years, reduction in a
t hi ckness of device chi ps has been advancing. To
manuf acture thin device chips, for exanple, a back
surface side of a workpiece such as a sem conductor wafer
i n which devices such as integrated circuits (1Cs) and
| arge scale integration (LSI) are forned on a front
surface side is ground to have a thickness of 20 umto
100 um (for exanple, refer to Japanese Patent Lai d-open
No. 2004-319885) and thereafter the workpiece is divided
into the individual device chips. However, the outer
circunferential part of the front surface side and the
back surface side of the workpiece is normally bevel ed

(that is, bevel part is forned). Therefore, when the back



surface side of the workpiece is ground to cause the

t hi ckness of the workpiece to becone half or Iess,
generally-called a knife edge (also referred to as sharp
edge) is fornmed at the outer circunferential part of the
wor kpi ece. Wen the knife edge is forned, there is a
probl em t hat breakage or chipping occurs at the outer
circunferential part of the workpiece in grinding of the
wor kpi ece or in conveyance thereof.

In order to solve this problem a process in which
the outer circunferential part at which a beveled part is
formed is renoved by a cutting apparatus has been
proposed (for exanple, refer to Japanese Patent Lai d-open
No. 2003-273053). Specifically, the front surface side of
a workpiece is held by a chuck table and the chuck table
is rotated in a state in which the Iower end part of a
cutting bl ade set at a position separate inward fromthe
outer circunferential end part of the workpiece by a
predeterm ned distance is nmade to cut into the back
surface side of the workpi ece. However, when the
wor kpi ece is cut along a path with a curved |ine shape
according to the outer circunference of the workpiece by
the cutting blade that cuts the workpiece along a path
with a straight line shape generally, the workpiece

recei ves stress and breaks in sone cases. Mbdreover, there



is a problemthat it takes a long tinme to cut the
wor kpi ece by the cutting blade along the path with a
curved |ine shape and therefore the productivity is
conparatively | ow

Thus, a nethod has been proposed in which the outer
circunferential part of a workpiece at which a bevel ed
part is formed is renoved by a pul sed | aser beam havi ng
such a wavel ength as to be absorbed by the workpiece
i nstead of the cutting blade and thereafter grinding of
the back surface side is executed (for exanple, refer to

Japanese Patent Lai d-open No. 2006-108532).

SUVMARY OF THE | NVENTI ON

However, when a |aser beamis applied to one
surface of a workpi ece substantially perpendicularly,
there is a possibility that the state of a | aser
osci |l ator becones unstable due to return of the |aser
beamrefl ected by the one surface to the |laser oscillator
and processing failure occurs. The present invention is
made in view of such a problemand intends to renove a
region including a beveled part of a workpiece by using a
| aser beam whil e suppressing return of the |laser beamto
a laser oscillator.

In accordance wth an aspect of the present
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i nvention, there is provided a processing nethod of a

wor kpi ece with a circular disc shape. The processing

nmet hod i ncludes a tape sticking step of sticking a tape
to one surface of the workpiece and integrating the

wor kpi ece and a frame through the tape, a holding step of
hol di ng the workpi ece by a holding unit with the
interposition of the tape after the tape sticking step,
and a |l aser beamirradiation step of irradiating the

ot her surface of the workpiece | ocated on the opposite
side to the one surface with a pul sed | aser beam havi ng
such a wavel ength as to be absorbed by the workpiece from
the side of the other surface after the holding step. In
the | aser beamirradi ati on step, the other surface is
annul arly irradiated with the | aser beamin a state in
which the orientation of the |laser beamis adjusted in
such a manner that the | aser beam has an angl e of

i nci dence fornmed due to inclination with respect to a
normal to the other surface of the workpiece by a
predet erm ned angl e.

Preferably, the workpiece is held in a state in
whi ch the other surface is exposed to the |lower side in
the holding step, and irradiation with the | aser beam
that travels fromthe | ower side toward the upper side is

executed in the | aser beamirradi ati on step.
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Furthernore, preferably, in the | aser beam
irradi ati on step, an annul ar processi ng groove having a
predeterm ned di anmeter on the side of the other side is
formed inside an outer circunferential edge of the
wor kpi ece to separate the workpiece with the processing
groove being a boundary.

Mor eover, preferably, the workpi ece has, on the
side of the other surface, a device region in which a
plurality of devices are fornmed and an outer
circunferential surplus region that surrounds the device
region and is a range to a position separate inward from
the outer circunferential edge of the workpiece by a
predet erm ned di stance, and the workpi ece has, on the
side of the one surface, a circular recess part
corresponding to the device region and an annul ar
projection part that surrounds the outside of the
circular recess part and corresponds to the outer
circunferential surplus region. In addition, a boundary
part between the device region and the outer
circunferential surplus region on the side of the other
surface is irradiated with the |laser beamin the |aser
beam irradi ation step

Furt hernore, preferably, the workpi ece has, on the

side of the other surface, a device region in which a
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plurality of devices are fornmed and an outer
circunferential surplus region that surrounds the device
region and is a range to a position separate inward from
the outer circunferential edge of the workpiece by a
predet erm ned di stance, and the workpi ece has, on the
side of the one surface, a circular recess part
corresponding to the device region and an annul ar
projection part that surrounds the outside of the
circular recess part and corresponds to the outer
circunferential surplus region. In addition, in the |aser
beamirradi ation step, a part corresponding to the outer
circunferential surplus region in the thickness direction
of the workpiece is subjected to ablation to be renoved
by irradiating the outer circunferential surplus region
that is fromthe outer circunferential edge to the
position separate inward fromthe outer circunferentia
edge by the predeterm ned distance with the | aser beam
Mor eover, preferably, in the |laser beamirradiation
step, the other surface is irradiated wwth the | aser beam
in a state in which the plane of incidence of the |aser
beamis set orthogonal to a virtual plane that passes
through the center of the other surface and the foca
poi nt of the |aser beamand is orthogonal to the other

surface.



Furthernore, preferably, a processing groove
orthogonal to the other surface is forned by rotating the
hol ding unit with respect to the focal point of the |aser
beamin the |l aser beamirradi ation step

Moreover, preferably, in the | aser beamirradiation
step, irradiation with the | aser beamthat travels
obliquely with respect to the other surface fromthe side
of the center of the other surface toward the outside of
the other surface is executed in a state in which the
pl ane of incidence of the |aser beamis set parallel to a
virtual plane that passes through the center of the other
surface and the focal point of the |aser beamand is
orthogonal to the other surface.

Furthernore, preferably, in the |aser beam
irradiation step, the irradiation with the |aser beamis
executed in the state in which the plane of incidence of
the | aser beamis set parallel to the virtual plane by
controlling the irradiation position of the | aser beam by
a gal vanoneter scanner disposed to face the other
surf ace.

Mor eover, preferably, the | aser beamirradiation
step forns a processing groove in the workpiece by the
| aser beam and includes a detection step of detecting the

| aser beam that has passed through the processing groove



by a light detection unit when the processing groove has
penetrated the workpi ece.

The processi ng nmethod of a workpi ece according to
the aspect of the present invention includes the |aser
beamirradiation step of irradiating the other surface of
the workpiece with the pul sed | aser beam having such a
wavel ength as to be absorbed by the workpiece. In the
| aser beamirradi ati on step, the other surface is
annul arly irradiated with the | aser beamin the state in
which the orientation of the |laser beamis adjusted in
such a manner that the | aser beam has the angl e of
i nci dence forned due to inclination with respect to the
normal to the other surface of the workpiece by the
predeterm ned angle. In the |laser beamirradiation step,
because the | aser beam has the angle of incidence forned
due to inclination with respect to the normal to the
ot her surface of the workpiece by the predeterm ned
angl e, even when the |laser beamis reflected by the other
surface, return of the | aser beamto the | aser oscillator
can be suppressed. Therefore, the state of the |aser
oscillator is less liable to beconme unstable and thus the
possibility of processing failure in the |aser processing
can be reduced.

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

enbodi nents of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 is a flowhart of a processing nethod,

FIG 2A is a perspective view of a front surface
side of a workpiece;

FIG 2B is a perspective view of a back surface
side of the workpiece;

FIG 3 is a diagramillustrating a tape sticking
st ep;

FIG 4 is a perspective view of a workpiece unit;

FIG 5 is a diagramillustrating a holding step

FIG 6 is a perspective view illustrating one
aspect of a laser beamirradi ati on step;

FIG 7 is a schematic diagramof FIG 6;

FIG 8Ais a diagramillustrating a state in which
a processing groove is being forned,

FIG 8B is a diagramillustrating a detection step

FIG 9A is a perspective view of a workpiece
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according to a first nodification exanple;

FIG 9B is a sectional view of the workpiece
according to the first nodification exanple;

FIG 10 is a perspective view of a workpiece
according to a second nodification exanpl e;

FIG 11 is a diagramillustrating the |aser beam
irradi ation step according to a third nodification
exanpl e;

FIG 12 is a schematic diagramof FIG 11

FIG 13 is a diagramillustrating the | aser beam
irradiati on step according to a fourth nodification
exanpl e;

FIG 14 is a diagramillustrating the detection
step according to a second enbodi nent;

FIG 15A is a diagramillustrating one exanpl e of
the | aser beamirradi ation step according to a third
enbodi nent ;

FIG 15B is a diagramillustrating another exanple
of the |aser beamirradi ati on step according to the third
enbodi nent; and

FIG 16 is a partial sectional side view
illustrating a | aser processing apparatus according to a

fourth enbodi nent.
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS

Enbodi nents of the present invention will be
described with reference to the acconpanyi ng draw ngs.
FIG 1 is a flowhart of a processing nethod according to
a first enbodinment. First, a workpiece 11 that is a
processi ng target of the present enbodi mrent and has a
circular disc shape will be described. FIG 2Ais a
perspective view of a side of a front surface (the other
surface) 1la of the workpiece 11. FIG 2B is a
perspective view of a side of a back surface (one
surface) 11b of the workpiece 11 |ocated on the opposite
side to the front surface 1la.

As illustrated in FIG 2A, on the side of the front
surface 11la of the workpiece 11, plural planned dividing
lines (streets) 13 are set in a lattice manner and a
device 15 such as an IC or LSl is fornmed in each of
plural regions marked out by the plural planned dividing
lines 13. The workpiece 11 of the present enbodinent is a
waf er made of silicon. However, there is no limt on the
material, structure, size, and so forth of the workpiece
11. The workpiece 11 may be a wafer fornmed of another
sem conductor material. Simlarly, there is also no limt
on the kind, quantity, shape, structure, size, and so

forth of the device 15.
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A circul ar device region 17a including the plural
devices 15 exists at a central part on the side of the
front surface 1la. An outer circunferential surplus
region 17b in which the devices 15 are not forned and
that is substantially flat conpared with the device
region 17a exists around the device region 17a. The outer
circunferential surplus region 17b is a range to a
position separate inward froman outer circunferentia
edge 11c of the workpiece 11 excluding a notch 19 by a
predeterm ned distance in the front surface 1lla. For
exanple, in the case of a wafer having a dianmeter of 12
i nches (approximately 300 mm), a range of approximtely 3
mmfromthe outer circunferential edge 1lc is the outer
circunferential surplus region 17b

In FIG 2A, a boundary part 17c between the device
region 17a and the outer circunferential surplus region
17b is depicted by a one-dot chain line. As illustrated
in FIG 2B, in the workpiece 11 of the present
enbodi nent, a circular recess part 11d fornmed by thinning
of the side of the back surface 11b by a predeterm ned
t hi ckness exists at a central part on the side of the
back surface 11b. The circular recess part 11d is a
region corresponding to the device region 17a in the

t hi ckness direction of the workpiece 11. CQutside the
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circular recess part 11d, an annul ar projection part 1lle
Is formed to surround the circular recess part 11d. The
annul ar projection part 1le is a region corresponding to
the outer circunferential surplus region 17b in the

t hi ckness direction of the workpiece 11. Incidentally, at
each outer circunferential part on the side of the front
surface 11la and on the side of the back surface 11b, a
bevel ed part is formed as illustrated in FIG 3.

When the workpiece 11 is processed, the side of the
back surface 11b of the workpiece 11 is stuck to the
central part of a circular tape 21 and an annul ar frame
23 (see FIG 3 and FIG 4) nmade of a netal is stuck to
the outer circunferential part of the tape 21 (tape
sticking step S10). FIG 3 is a diagramillustrating the
tape sticking step S10. The tape 21 has a base |ayer nade
of a resin and an adhesive | ayer (glue |ayer) disposed on
the whol e of one surface of the base |ayer. The adhesive
| ayer is formed of an ultraviolet-curable resin, for
exanpl e.

In the tape sticking step S10, for exanple, first,
the workpiece 11 is disposed in such a manner that the
back surface 11b is oriented upward and subsequently the
frame 23 is disposed outside the outer circunferentia

part of the workpiece 11. Thereafter, the adhesive | ayer
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side of the tape 21 is stuck to the back surface 11b of
the workpi ece 11 and one surface of the frame 23.

Ther eby, a workpiece unit 25 (see FIG 4) in which the
wor kpi ece 11 and the frane 23 are integrated through the
tape 21 is formed. FIG 4 is a perspective view of the
wor kpi ece unit 25. After the tape sticking step S10, the
wor kpi ece unit 25 is held under section by a chuck table
(holding unit) 4 that is disposed in a | aser processing
apparatus 2 and has a circular disc shape (hol ding step
S20) (see FIG 5). FIG 5 is a diagramillustrating the
hol di ng step S20.

Here, the configuration of the | aser processing
apparatus 2 will be described. The above-described chuck
table 4 is disposed in such a manner that a hol ding
surface 4a is oriented downward. The chuck table 4 has a
frame body 6 that is forned of a netal and has a circular
di sc shape. A recess part with a circular disc shape is
formed at the | ower part of the frane body 6. A porous
plate 8 that is formed of porous ceram c and has a
circular disc shape is fixed into the recess part of the
frame body 6. The |ower surface of the frane body 6 and
the | ower surface of the porous plate 8 are flush with
each other and configure the substantially flat hol ding

surface 4a.
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A flow path (not illustrated) is formed in the
frame body 6. One end of the flow path is connected to a
suction source (not illustrated) such as an ejector and
the other end of the flow path is connected to the porous
plate 8. When the suction source is operated, a negative
pressure is transmtted to the holding surface 4a. A
transm ssive part 4b with a circular colum shape is
di sposed at part of the frane body 6 and the porous plate
8. The transm ssive part 4b is fornmed of a material (for
exanpl e, optical glass) having transparency or
transl ucency with respect to a |laser beamL to be
described later. The transm ssive part 4b penetrates from
the | ower surface of the porous plate 8 to the upper
surface of the frame body 6. Although only one
transm ssive part 4b is disposed in the present
enbodi ment, plural transm ssive parts 4b may be di sposed
di scretely along the radial direction of the chuck table
4.

An out put shaft of a rotation nechanism 10 having a
notor or the like is coupled to the upper part of the
frame body 6. The rotati on nechanism 10 can rotate the
chuck table 4 around a rotation axis 10a. A horizontal
novenent nechani sm (not illustrated) for noving the

rotati on nechanism 10 in an X-axis direction and a Y-axi s

15



direction is coupled to the upper part of the rotation
mechani sm 10. A light detection unit 14 is di sposed above
the chuck table 4 and at a side part of the rotation
mechani sm 10. The |ight detection unit 14 is a power
meter, a power sensor, a canera with a neutral-density
filter, or the |ike and can detect the | aser beamlL
transmtted through the transm ssive part 4b.

Plural clanp nechanisns 12 are di sposed at side
parts of the rotation nechanism 10. In the present
enbodi nent, four clanp nechanisns 12 are di sposed
di scretely along the circunferential direction of the
chuck table 4. Incidentally, in FIG 5, two clanp
mechani snms 12 are illustrated. Wen the workpiece unit 25
I's held under suction by the holding surface 4a in the
state in which the front surface 1la is exposed to the
| oner side, for the workpiece 11, the side of the back
surface 11b is held by the holding surface 4a with the
interposition of the tape 21. Furthernore, the frame 23
is clanped by the clanp nechani sns 12.

A |l aser beamirradiation unit 16 is di sposed bel ow
the chuck table 4 (see FIG 6). The | aser beam
irradiation unit 16 includes a | aser oscillator (not
illustrated) for generating a pul sed | aser beam havi ng

such a wavel ength as to be absorbed by the workpiece 11.
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A |l aser beamemtted fromthe | aser oscillator goes
through a predeterm ned optical systemand is output
upward froma light collector 18 including a collecting
| ens toward the hol ding surface 4a. Incidentally, to the
light collector 18, a Z-axis novenent nechani sm (not
illustrated) that noves the light collector 18 along a Z-
axis direction and an angl e adjustnent unit (not
illustrated) that adjusts the angle of incidence of the
| aser beam are coupl ed.

In the | aser processing apparatus 2, a control part
(not illustrated) that controls operation of the chuck

table 4, the |laser beamirradi ation unit 16, the

hori zontal novenment nechanism (not illustrated), the Z-
axi s novenent nechanism (not illustrated), the angle
adjustnent unit (not illustrated), and so forth is

di sposed. For exanple, the control part is configured by
a conputer including a processor (processing device)
typified by a central processing unit (CPU), a main
storing device such as a dynam c random access nenory
(DRAM, static random access nenory (SRAM), or read only
menory (ROM), and an auxiliary storing device such as a
flash nenory, hard disk drive, or solid state drive.
Software including a predeterm ned programis stored in

the auxiliary storing device. Functions of the contro
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part are inplenented by causing the processing device and
so forth to operate in accordance with this software.
Next, a laser beamirradiation step S30 subsequent to the
hol ding step S20 will be described with reference to FIG
6 and FIG 7.

FIG 6 is a perspective view illustrating one
aspect of the |aser beamirradiation step S30. FIG 7 is
a schematic diagramof FIG 6. Note that FIG 7 is drawn
froma different point of viewfromFIG 6. In FIG 6 and
FIG 7, the chuck table 4, the tape 21, the frame 23, and
so forth are omtted for convenience. In the |aser beam
irradiation step S30, the front surface 1la of the
workpiece 11 is irradiated with the | aser beamL fromthe
light collector 18 | ocated bel ow the workpi ece unit 25
(that is, fromthe side of the front surface 1la). That
Is, irradiation with the |laser beamL that travels from
the I ower side toward the upper side is executed.

In particular, in the |aser beamirradiati on step
S30 in the present enbodi nent, a plane 22 of incidence of
the | aser beamL is set orthogonal to a virtual plane 20
t hat passes through a center A; of the front surface lla
and a focal point A> of the laser beamL and is orthogona
to the front surface 1lla (see FIG 7). Moreover, the

orientation of the |aser beamL is adjusted in such a
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manner that the | aser beam L has an angle o of incidence
(acute angle) formed due to inclination with respect to a
normal 11f to the front surface 1la by a predeterm ned
angle, and the focal point A is positioned to one point
on the boundary part 17c (annul ar region).

In this state, by rotating the chuck table 4 around
the rotation axis 10a, the front surface 1lla is
irradiated with the | aser beam L and abl ati on processing
I's executed along the outer circunferential edge 1lc.
Thereby, a processing groove 11g with a form of being
orthogonal to the front surface 1la is annularly forned
al ong the boundary part 17c (see FIG 8A). FIG 8Ais a
diagramillustrating the state in which the processing
groove 11g is being fornmed. For exanple, |aser processing
conditions are set as follows when the thickness of the
wor kpi ece 11 in the device region 17a is 100 um

Laser nedium of the laser oscillator: Yb-doped
fiber

Wavel ength: at | east 1059 nm and at nost 1065 nm

Repetition frequency: 50 kHz

Aver age out put power: 17 W

Processing feed rate: 163 rpm

Focal spot diameter: 25 um

As the | aser processing proceeds, the processing

19



groove 11g gradually becones deeper. Wen the processing
groove 1l1g penetrates the workpiece 11, the workpiece 11
is separated into the device region 17a and the outer
circunferential surplus region 17b with the processing
groove 11g being the boundary (see FIG 8B). In the |aser
beamirradi ati on step S30 of the present enbodi nent, the
front surface 1la is irradiated wwth the |aser beamL in
such a manner that the |aser beam L has the angle o of
i nci dence fornmed due to inclination with respect to the
normal 11f to the front surface 1la of the workpiece 11
by a predeterm ned angle. Thus, even when the | aser beam
Lis reflected by the front surface 1la, reflection with
the angle o of reflection is caused and return of the
| aser beam L to the | aser oscillator can be suppressed.
Therefore, the state of the |aser oscillator is
|l ess liable to becone unstable and thus the possibility
of processing failure in the | aser processing can be
reduced. In addition, due to nmaking the | aser beam L be
incident with the angle o of incidence, debris 27 is
scattered along a traveling direction By of the |aser beam
L wwth the angle o of reflection (see FIG 6 and FIG 7).
Ther ef ore, adhesion of the debris 27 to the collecting
| ens can be reduced. Incidentally, at the tinme of |aser

processing, an air jet nozzle (not illustrated) may be
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di sposed directly under the center Ay of the front surface
1la and air may be jetted fromthe center Ar toward the
focal point A.. This can nore surely prevent the debris
27 generated by the ablation processing fromadhering to
the device region 17a.

Incidentally, the |laser beamirradiati on step S30
in the present enbodi nent includes a detection step S35
of detecting the |laser beam L that has passed through the
processing groove 11g by the light detection unit 14 when
t he processing groove 11g has penetrated the workpi ece
11. FIG 8B is a diagramillustrating the detection step
S35. Wien receiving light with intensity equal to or
hi gher than a predeterm ned value, the |ight detection
unit 14 transmts a predetermned |ight reception signa
to the control part. Therefore, whether or not the
processing groove 1ll1g has penetrated the workpiece 11 can
be automatically detected by using the |ight detection
unit 14. After the penetration is detected, the
irradiation with the | aser beam L is stopped.
Incidentally, after the detection step S35 and before the
stop of the irradiation with the |laser beam L, a cleaning
step may be executed in which the output power of the
| aser beam L is set |ow conpared with the above-descri bed

| aser processing condition and debris that adheres to the
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vicinity of the processing groove 11g is renoved.

After the |l aser beamirradiation step S30, the
outer circunferential surplus region 17b separated into a
ring shape fromthe device region 17a is renoved fromthe
tape 21 (renpval step $S40). For exanple, the chuck table
4 is rotated in the state in which wedges (not
illustrated) are inserted between the tape 21 and the
back surface 11b at plural places in the circunferentia
direction of the outer circunferential surplus region
17b. Thereby, the outer circunferential surplus region
17b is dropped fromthe tape 21. In the renoval step $40,
the outer circunferential surplus region 17b may be
dropped fromthe tape 21 by pulling down claw parts (not
illustrated) in the state in which, instead of the
wedges, the claw parts are inserted between the tape 21
and the back surface 11b at plural places in the
circunferential direction of the outer circunferentia
surplus region 17b.
(First Modification Exanple)

Next, various nodification exanples in the first
enbodi nent will be described. FIG 9A is a perspective
vi ew of a workpiece 31 according to a first nodification
exanple. FIG 9B is a sectional view of the workpiece 31

according to the first nodification exanple. The
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wor kpi ece 31 of the first nodification exanple is
different fromthe above-descri bed workpiece 11 in that
the circular recess part 11d is not forned on the side of
the back surface 11b. By executing the steps fromthe
tape sticking step S10 to the renpval step S40 simlarly
for the workpiece 31, a region including a bevel ed part
formed at the outer circunferential edge of the workpiece
31 can be renoved.

(Second Modification Exanpl e)

FIG 10 is a perspective view of a workpiece 41
according to a second nodification exanple. The devices
15 are not fornmed in the workpiece 41. For exanple, a
wor kpi ece 43 with a snmaller dianmeter than the workpiece
41 can be fornmed fromthe workpiece 41 by form ng the
processi ng groove 11g along a predeterm ned circle having
a dianeter smaller than the dianeter of the workpiece 41.
(Third Mdification Exanpl e)

Next, a nodification exanple of the |aser beam
irradiation step S30 wll be described. FIG 11 is a
diagramillustrating the | aser beamirradi ati on step S30
according to a third nodification exanple. FIG 12 is a
schematic diagramof FIG 11. In the |aser beam
irradiati on step S30 according to the third nodification

exanple, a state is made in which a plane 26 of incidence
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of the |aser beamL is set parallel to a virtual plane 24
t hat passes through the center A of the front surface 1lla
and the focal point A of the |aser beamL and is
orthogonal to the front surface 1la. Mreover, the
orientation of the |aser beamL is adjusted in such a
manner that the | aser beam L has an angle g of incidence
(acute angle) formed due to inclination with respect to
the normal 11f to the front surface 1lla by a
predeterm ned angle, and the focal point A is positioned
to one point on the boundary part 17c (annul ar region).
In this state, by rotating the chuck table 4 around
the rotation axis 10a, irradiation with the |laser beamlL
that obliquely travels fromthe side of the center A of
the front surface 1la toward the outside of the front
surface 1la is executed and abl ation processing is
executed along the outer circunferential edge 1lc. Laser
processi ng conditions nmay be the sane as the above-
descri bed conditions. As the |aser processing proceeds,
the processing groove 11g gradually becones deeper. Wen
t he processing groove 11g penetrates the workpi ece 11,
the workpiece 11 is separated into the device region 17a
and the outer circunferential surplus region 17b with the
processi ng groove 11g being the boundary. At this tine,

the workpi ece 11 on the side of the device region 17a
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beconmes a reversed circular truncated cone shape.
Therefore, there is an advantage that the inner
circunferential side surface of the outer circunferentia
surplus region 17b is less liable to interfere with the
outer circunferential side surface of the device region
17a in the renoval step S$40.

In the |laser beamirradiation step S30 according to
the third nodification exanple, the front surface 1la is
irradiated with the | aser beamL in such a manner that
the | aser beam L has the angle B of incidence fornmed due
toinclination with respect to the normal 11f to the
front surface 1lla of the workpiece 11 by a predeterm ned
angl e. Thus, even when the |l aser beamL is reflected by
the front surface 1la, reflection with the angle p of
reflection is caused and return of the |laser beamL to
the laser oscillator can be suppressed. Therefore, the
state of the laser oscillator is less |liable to becone
unstabl e and thus the possibility of processing failure
in the | aser processing can be reduced. In addition, due
to maki ng the | aser beam L have the angle B of incidence,
the debris 27 is scattered along a traveling direction B
of the laser beamL with the angle g of reflection.
Ther ef ore, adhesion of the debris 27 to the collecting

| ens can be reduced. Incidentally, at the tinme of |aser
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processing, an air jet nozzle (not illustrated) nay be

di sposed directly under the center Ay of the front surface
1la and air may be jetted fromthe center A toward the
focal point A.. Furthernore, the detection step S35 may
be executed in the third nodification exanple. By
executing the detection step S35, whether or not the
processi ng groove 1ll1g has penetrated the workpiece 11 can
be automatically detected.

(Fourth Modification Exanple)

Next, a fourth nodification exanpl e obtained by
nodi fying the third nodification exanple will be
described. FIG 13 is a diagramillustrating the |aser
beamirradiati on step S30 according to the fourth
nodi fication exanple. Also in the fourth nodification
exanple, simlarly to the third nodification exanple, the
boundary part 17c of the front surface 1lla is irradi ated
with the |laser beamL in the state in which the plane 26
of incidence is set parallel to a virtual plane 24 that
passes through the center A and the focal point A and is
orthogonal to the front surface 1la. However, in the
fourth nodification exanple, in the state in which the
chuck table 4 is not rotated but set still, the
irradi ation position of the |laser beamL is controlled in

such a manner that scanning with the focal point A is
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executed al ong the boundary part 17c by using a

gal vanonet er scanner 28 di sposed to face the hol di ng
surface 4a (that is, front surface 11la). Also in the
fourth nodification exanple, effects simlar to those of
the third nodification exanple can be provided. That is,
the detection step S35 may be executed by using the |ight
detection unit 14.

Next, a second enbodiment will be described with
reference to FIG 14. A |laser processing apparatus 32 of
t he second enbodi nent includes a holding ring (holding
unit) 34 instead of the chuck table 4. The holding ring
34 has a ring-shaped casing 36 and plural clanp
mechani snms 38 discretely di sposed around the casing 36.
The holding ring 34 is coupled to a rotation nmechani sm
(not illustrated) simlar to that for the chuck table 4
and can rotate around a rotation axis 34a that passes
through the center position of the casing 36. Below the
hol ding ring 34, the |laser beamirradiation unit 16 is
di sposed in such a formas to be capable of outputting
the | aser beam L upward.

The above-described |ight detection unit 14 is
di sposed on the opposite to the light collector 18 of the
| aser beamirradiation unit 16 with the interposition of

the rotation axis 34a between themin the horizont al
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direction. A light source 40 that emts |light downward is
di sposed above the |ight detection unit 14. The |ight
source 40 is a laser diode, for exanple. A |laser beam
fromthe |light source 40 has such a wavelength that it is
hard for the | aser beamto be transmtted through the
wor kpi ece 11 and the | aser beamis transmtted through
the tape 21 (for exanple, wavelength in the ultraviol et
band), and has | ow out put power conpared with the | aser
beam L to process the workpiece 11. Mre specifically,
t he out put power of the |aser beamfromthe |ight source
40 is so low as not to process the workpiece 11 (that is,
| ower than the processing threshold of the workpiece 11).
The | aser beamfromthe |ight source 40 is output toward
the light detection unit 14.

Also in the second enbodi nent, when the workpiece
11 is processed, the steps fromthe tape sticking step
S10 to the renpbval step S40 are sequentially executed.
After the workpiece unit 25 is fornmed in the tape
sticking step S10, the workpiece 11 is held with the
interposition of the tape 21 by holding the frame 23 by
the holding ring 34 (holding step S20). Subsequently,
simlarly to the first enbodinment, in the state in which
the plane 22 of incidence of the |aser beamL is set

orthogonal to the virtual plane 20 (see FIG 7), the

28



orientation of the |laser beamL is adjusted in such a
manner that the |aser beam L has the angle « of incidence
(acute angle) formed due to inclination with respect to
the normal 11f to the front surface 1la by a
predeterm ned angle, and the focal point A is positioned
to one point on the boundary part 17c (annul ar region)
(see FIG 6 and FIG 7).

Mor eover, abl ation processing is executed al ong the
outer circunferential edge 11c by rotating the hol ding
ring 34 around the rotation axis 34a. Thereby, the
processi ng groove 11g with a form of being orthogonal to
the front surface 11la is annularly forned al ong the
boundary part 17c. That is, also in the second
enbodi nent, return of the |aser beamL to the |aser
oscillator can be suppressed and thus the state of the
| aser oscillator is less |liable to becone unstable.
Therefore, the possibility of processing failure in the
| aser processing can be reduced.

However, in the detection step S35 in the second
enbodi nent, whether or not the processing groove 11g has
penetrated the workpiece 11 is detected by detecting the
| aser beamemtted fromthe |ight source 40 by the |ight
detection unit 14. FIG 14 is a diagramillustrating the

detection step S35 according to the second enbodinent. 1In
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the present enbodi nent, the detection step S35 can be
executed by using the |ight source 40 with | ow out put
power. Therefore, a neutral-density filter or the like
does not need to be disposed for the |ight detection unit
14 and thus the cost can be reduced. Furthernore, there
is an advantage that a burn is less liable to occur in
sensor elenent, filter, and so forth and therefore
troubl e such as breakdown of the |ight detection unit 14
Is less liable to occur.

Moreover, in the subsequent renpoval step S40, the
whol e of the side of the back surface 11b of the
workpiece 11 is irradiated wwth ultraviolet rays after a
light blocking plate (not illustrated) with substantially
the sane dianmeter as the circular recess part 11d is
di sposed on the tape 21. Thereby, the adhesive force
bet ween the annul ar projection part 1le and the tape 21
Is lowered. Thereafter, the outer circunferential surplus
region 17b separated into a ring shape fromthe circul ar
recess part 11d is renoved fromthe tape 21 by using the
above-described claw part or the Iike (renoval step $S40).
Furthernore, in the renoval step S40, the outer
circunferential surplus region 17b is renoved fromthe
tape 21 after the adhesive force of the tape 21 is

reduced. Therefore, the device region 17a can be stably
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stuck to the tape 21 and the outer circunferentia

surplus region 17b can be easily renoved. Besides, based
on the sane arrangenent, configuration, and so forth as
the first enbodinment, simlar effects can be provided. 1In
addition, the first to the fourth nodification exanples
may be applied to the second enbodi nent.

Next, a third enbodi nent will be described. The
| aser beamirradiation step S30 in the third enbodi nent
is different fromthe first and second enbodi ments in
that the part corresponding to the outer circunferentia
surplus region 17b in the thickness direction of the
wor kpi ece 11 is subjected to ablation to be renoved. FIG
15A is a diagramillustrati ng one exanple of the | aser
beamirradiation step S30 according to the third
enbodi nent. In FIG 15A and FIG 15B, the chuck table 4,
the tape 21, the frane 23, and so forth are omtted for
conveni ence.

In the exanple illustrated in FIG 15A, as in the
first enbodinment (see FIG 6 to FIG 8B), irradiation
with the |aser beamL is executed in such a manner that
the | aser beam L has the angle o of incidence (acute
angle) fornmed due to inclination with respect to the
normal 11f to the front surface 1la by a predeterm ned

angle in the state in which the plane 22 of incidence of
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the | aser beamL is set orthogonal to the virtual plane
20. In this manner, the focal point A is positioned to
the outer circunferential edge 11lc. Then, while the chuck
table 4 is rotated around the rotation axis 10a, the
rotation axis 10a is gradually brought closer to the

focal point Ay as depicted by an arrow C.. Note that the
hei ght position of the focal point A of the |aser beamL
may be adj usted as appropriate.

Furthernore, the focal point A nay be noved froma
position separate inward fromthe outer circunferentia
edge 1l1c by a predeterm ned distance to the outer
circunferential edge 1llc, and the | aser beamirradi ation
unit 16 may be noved in the horizontal direction with the
chuck table 4 rotated w thout being noved in the
hori zontal direction. Moreover, when the spot dianeter of
the focal point A, is sufficiently large, the chuck table
4 may be rotated w thout noving the chuck table 4 and the
| aser beamirradiation unit 16 in the horizontal
di rection.

By irradiating the outer circunferential surplus
region 17b to the position separate inward fromthe outer
circunferential edge 11c by the predeterm ned di stance
with the laser beamL, the part corresponding to the

outer circunferential surplus region 17b in the thickness
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direction of the workpiece 11 can be renoved. Thus, the
renoval step S40 can be omtted. Furthernore, in the

| aser beamirradi ati on step S30, by setting the plane 22
of incidence of the | aser beamL parallel to the virtua
pl ane 20, the part corresponding to the outer
circunferential surplus region 17b in the thickness
direction of the workpiece 11 may be renoved by abl ation
simlarly to the third nodification exanple of the first
enbodi nent (see FIG 11 and FIG 12).

FIG 15B is a diagramillustrating another exanple
of the |aser beamirradi ation step S30 according to the
third enbodinment. Also in FIG 15B, the chuck table 4 and
so forth are omtted for convenience. |In the exanple
illustrated in FIG 15B, as in FIG 11 to FIG 13,
irradiation with the |aser beamL is executed in such a
manner that the |aser beam L has the angle B of incidence
(acute angle) formed due to inclination with respect to
the normal 11f to the front surface 1lla by a
predeterm ned angle in the state in which the plane 22 of
i ncidence of the laser beamL is set parallel to the
virtual plane 20. In this manner, the focal point A is
positioned to the outer circunferential edge 11lc. Then,
whil e the chuck table 4 is rotated around the rotation

axis 10a, the rotation axis 10a is gradual ly brought
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closer to the focal point A; as depicted by the arrow GC.
Note that the height position of the focal point A of the
| aser beam L nmay be adjusted as appropriate.

Also in the exanple of FIG 15B, as described in
the explanation of FIG 15A, the focal point A may be
noved fromthe inside of the workpiece 11 to the outside,
and the |laser beamirradiation unit 16 may be noved in
the horizontal with the chuck table 4 rotated w thout
bei ng noved in the horizontal direction. Mreover, when
the spot dianeter of the focal point A is sufficiently
| arge, the chuck table 4 may be rotated w t hout noving
the chuck table 4 and the | aser beamirradiation unit 16
in the horizontal direction. By irradiating the outer
circunferential surplus region 17b to a position separate
inward fromthe outer circunferential edge 11lc by a
predeterm ned distance with the |aser beamL, the part
corresponding to the outer circunferential surplus region
17b in the thickness direction of the workpiece 11 can be
renoved. Note that it is also possible to apply the
gal vanonet er scanner 28 as in the fourth nodification
exanpl e of the first enbodi nent (see FIG 13).

Next, a fourth enbodiment will be described. FIG
16 is a partial sectional side viewillustrating a | aser

processi ng apparatus 42 according to the fourth
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enbodi nent. In the | aser processing apparatus 42, the
chuck table 4 is disposed in such a manner that the
hol di ng surface 4a is oriented upward, and the | aser beam
irradiation unit 16 is di sposed above the hol ding surface
4a. Al'so in the fourth enbodi nent, the processing groove
11g can be forned at the boundary part 17c simlarly to
the first enbodinent (see FIG 6 to FIG 8B), the third
nodi fication exanple of the first enbodi nent (see FIG 11
and FIG 12), or the fourth nodification exanple of the
first enbodi ment (see FIG 13).

That is, the workpiece 31 according to the first
nodi fication exanple of the first enbodi nent (see FIG 9A
and FIG 9B) may be processed. Furthernore, fromthe
wor kpi ece 41 according to the second nodification exanple
of the first enbodi ment, the workpiece 43 with a smaller
di anmeter may be forned (see FIG 10). Moreover, instead
of the chuck table 4, the holding ring 34 may be enpl oyed
as in the second enbodi nent (see FIG 14). Furthernore,

i nstead of form ng the processing groove 11g, the part
corresponding to the outer circunferential surplus region
17b in the thickness direction of the workpiece 11 nay be
renoved by ablation as in the third enbodi nent (see FIG
15A and FIG 15B). Besides, structures, nethods, and so

forth according to the above-described enbodi nents can be
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executed with appropriate changes w thout departing from
the range of the object of the present invention.

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

be enbraced by the invention.
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WHAT IS CLAIMED IS:

1. A processing method of a workpiece with a
circular disc shape, the processing method comprising:

a tape sticking step of sticking a tape to one
surface of the workpiece and integrating the workpiece
and a frame through the tape;

a holding step of holding the workpiece by a
holding unit with interposition of the tape after the
tape sticking step; and

a laser beam irradiation step of irradiating the
other surface of the workpiece located on an opposite
side to the one surface with a pulsed laser beam having
such a wavelength as to be absorbed by the workpiece from
a side of the other surface after the holding step,
wherein,

in the laser beam irradiation step, the other
surface is applied with the laser beam in a circular
fashion near the boundary of the wafer, in a state in
which orientation of the laser beam is adjusted in such a
manner that the laser beam has an angle of incidence
formed due to inclination with respect to a normal to the
other surface of the workpiece by a predetermined angle,
and

wherein
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the laser beam irradiation step forms a processing
groove in the workpiece by the laser beam and includes a
detection step of detecting by a light detection unit
whether or not the processing groove has penetrated the
workpiece.

2. The processing method of a workpiece according
to claim 1, wherein

the workpiece is held in a state in which the other
surface is exposed to a lower side in the holding step,
and

irradiation with the laser beam that travels from
the lower side toward an upper side is executed in the
laser beam irradiation step.

3. The processing method of a workpiece according
to claim 1, wherein,

in the laser beam irradiation step, the processing
groove having a predetermined diameter on the side of the
other side is formed inside an outer circumferential edge
of the workpiece to separate the workpiece with the
processing groove being a boundary.

4. The processing method of a workpiece according
to claim 1, wherein

the workpiece has, on the side of the other

surface, a device region in which a plurality of devices
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are formed and an outer circumferential surplus region
that surrounds the device region and is extended inwards
towards the center of the workpiece by a predetermined
distance from an outer circumferential edge of the
workpiece,

the workpiece has, on a side of the one surface, a
circular recess part corresponding to the device region
and an annular projection part that surrounds outside of
the circular recess part and corresponds to the outer
circumferential surplus region, and

a boundary part between the device region and the
outer circumferential surplus region on the side of the
other surface is irradiated with the laser beam in the
laser beam irradiation step forming the processing
groove.

5. The processing method of a workpiece according
to claim 1, wherein,

in the laser beam irradiation step, the other
surface is irradiated with the laser beam in a state in
which a plane of incidence of the laser beam is set
orthogonal to a wvirtual plane that passes through a
center of the other surface and a focal point of the
laser beam and is orthogonal to the other surface.

6. The processing method of a workpiece according
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to claim 5, wherein

the processing groove orthogonal to the other
surface is formed by rotating the holding unit with
respect to the focal point of the laser beam in the laser
beam irradiation step.

7. The processing method of a workpiece according
to claim 1, wherein,

in the laser beam irradiation step, irradiation
with the laser beam that travels obliquely with respect
to the other surface from a side of a center of the other
surface toward outside of the other surface is executed
in a state in which a plane of incidence of the laser
beam is set parallel to a virtual plane that passes
through the center of the other surface and a focal point
of the laser beam and is orthogonal to the other surface.

8. The processing method of a workpiece according
to claim 7, wherein

in the laser beam irradiation step, the irradiation
with the laser beam is executed in the state in which the
plane of incidence of the laser beam is set parallel to
the virtual plane by controlling an irradiation position
of the laser beam by a galvanometer scanner disposed to
face the other surface.

9. The processing method of a workpiece according
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to claim 1, wherein

the detection step comprises detecting the laser
beam that has passed through the processing groove by a
light detection unit when the processing groove has
penetrated the workpiece.

10. The processing method of a workpiece
according to claim 1, wherein

a light source that emits a laser beam downward is
disposed above the light detection unit, and

the detection step comprises detecting the laser
beam emitted from the light source by the light detection
unit when the processing groove has penetrated the
workpiece.

11. The processing method of a workpiece according
to claim 10, wherein

the laser beam emitted from the light source has
low output power compared with the pulsed laser beam in
the laser beam irradiation step as to not process the

workpiece.
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