PROCESSI NG METHOD OF WAFER

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a processing
nmet hod of a wafer having a functional |ayer that formns
pl ural devi ces.

Description of the Related Art

In a manufacturing step of device chips, a wafer is
used on which a device such as an integrated circuit (1C
or large scale integration (LSI) is fornmed on a front
surface side of each of plural regions marked out by
plural streets (planned dividing |ines) arranged in a
|attice manner. Plural device chips each including the
devi ce are obtained by dividing this wafer al ong the
streets. The device chips are nounted in various pieces
of el ectronic equipnent typified by nobile phones and
personal conputers.

In recent years, in association with reduction in
the size and thickness of the electronic equi pnent, the
devi ce chi ps have al so been required to have reduced
t hi ckness. Thus, before dividing of a wafer, a step of
thinning the wafer by grinding a back surface side of the

wafer is executed in sonme cases. By dividing the wafer



after grinding and thinning the wafer, device chips with
reduced thickness are obtained.

Furthernore, as a nethod for dividing a wafer into
plural device chips while thinning the wafer, a process
called dicing before grinding (DBG has been proposed
(for exanple, refer to Japanese Patent Lai d-Qpen No.
2003-173987). In the DBG process, first, a cutting bl ade
is made to cut into the front surface side of the wafer
and cut grooves with a depth smaller than the thickness
of the wafer are forned along streets (half cut).
Thereafter, the back surface side of the wafer is ground
and the wafer is thinned until the cut grooves are
exposed on the back surface side of the wafer. Thereby,
the wafer is divided into plural device chips. Wen this
DBG process is used, effects that the occurrence of a
defect (chipping) on the back surface side of the wafer

I's suppressed, and so forth, are obtained.

SUMVARY OF THE | NVENTI ON
When a wafer is divided, part of a |ayer
(functional layer) including various filns (insulating
film electrically-conductive film and so forth) that
form devices remains on streets of the wafer in some

cases. Wien this wafer is cut along the street by a



cutting blade, the functional |ayer gets caught by the
cutting blade that rotates and is separated in sone cases.
Furt hernore, possibly the device breaks if this
separation of the functional |ayer reaches the device
fromon the street. Thus, in sone cases, a nethod is used
in which the functional l[ayer that remains on the streets
is renoved by irradiation with a | aser beam before the
wafer is cut by the cutting blade. Specifically, first,
the functional |ayer is renpbved along the streets by
irradiating the front surface side of the wafer with the
| aser beam along the streets. Thereafter, the wafer is
cut along the streets by the cutting blade and the wafer
is divided. Wen this method is used, the wafer is cut by
the cutting blade in the state in which the functiona
| ayer has been renoved fromon the streets. For this
reason, the contact between the cutting bl ade and the
functional |ayer is avoided and breakage of the device
due to separation of the functional |ayer is prevented.
However, when the irradiation with the | aser beam
is executed along the streets, |aser processed grooves
are formed in the wafer along the streets. Furthernore,
around the | aser processed grooves, distortion of mnute
unevenness, cracks, and so forth is forned due to

I nfluence of heat generated by the irradiation with the
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| aser beam There is a problemthat, when the wafer
including a region in which this distortion is forned
(heat affected layer) is divided into plural device chips,
the heat affected |layer remains in the device chips and a
fl exural strength (bending strength) of the device chips

| ower s.

The present invention is made in view of such a
probl em and intends to provide a processing nethod of a
waf er that can suppress the lowering of the flexura
strength of device chips.

In accordance with an aspect of the present
i nvention, there is provided a processing nethod of a
waf er having, on a front surface side, a functional |ayer
that forns a plurality of devices disposed in a plurality
of regions marked out by a plurality of streets. The
processi ng nmet hod i ncludes a | aser processing step of
formng | aser processed grooves along the streets while
renoving the functional |ayer along the streets by
irradiating the front surface side of the wafer with a
| aser beam having absorbability with respect to the wafer
along the streets and a cut groove formng step of
form ng cut grooves with a depth that exceeds fini shed
t hi ckness of the wafer inside the | aser processed grooves

along the streets by cutting the front surface side of
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the wafer along the streets by a cutting bl ade thinner
than width of the | aser processed grooves. The processing
nmet hod al so includes a protective conponent sticking step
of sticking a protective conponent to the front surface
side of the wafer after execution of the cut groove
form ng step, a grinding step of causing the cut grooves
to be exposed on a back surface side of the wafer to
divide the wafer into a plurality of device chips by
hol di ng the wafer by a chuck table of a grinding
apparatus with internmediary of the protective conmponent
and grinding the back surface side of the wafer to thin
the wafer until thickness of the wafer becones the
finished thickness, and a processing distortion renoval
step of supplying a gas in a plasma state to the back
surface side of the wafer and renovi ng processing
distortion fornmed in the back surface side and side parts
of the plurality of device chips. A heat affected | ayer
formed around the | aser processed grooves is renpoved in
the processing distortion renoval step.

In accordance with another aspect of the present
i nvention, there is provided a processing nethod of a
waf er having, on a front surface side, a functional |ayer
that forns a plurality of devices disposed in a plurality

of regions marked out by a plurality of streets. The
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processi ng nethod includes a | aser processing step of
formng | aser processed grooves with a depth that exceeds
finished thickness of the wafer along the streets while
renmovi ng the functional |ayer along the streets by
irradiating the front surface side of the wafer with a

| aser beam having absorbability with respect to the wafer
along the streets and a protective conponent sticking
step of sticking a protective conponent to the front
surface side of the wafer after execution of the |aser
processi ng step. The processing nethod al so i ncludes a
grinding step of causing the | aser processed grooves to
be exposed on a back surface side of the wafer to divide
the wafer into a plurality of device chips by holding the
waf er by a chuck table of a grinding apparatus with

i nternmedi ary of the protective conponent and grinding the
back surface side of the wafer to thin the wafer until

t hi ckness of the wafer becones the finished thickness and
a processing distortion renoval step of supplying a gas
in a plasma state to the back surface side of the wafer
and renovi ng processing distortion forned in the back
surface side and side parts of the plurality of device
chips. A heat affected |ayer forned around the | aser
processed grooves is renoved in the processing distortion

renoval step



In accordance with another aspect of the present
i nvention, there is provided a processing nethod of a
waf er having, on a front surface side, a functional |ayer
that forns a plurality of devices disposed in a plurality
of regions marked out by a plurality of streets. The
processi ng nethod includes a | aser processing step of
formng | aser processed grooves along the streets to
divide the wafer into a plurality of device chips while
renmovi ng the functional |ayer along the streets by
executing irradiation with a | aser beam havi ng
absorbability with respect to the wafer along the streets,
a protective conmponent sticking step of sticking a
protective conponent to the front surface side of the
waf er after execution of the | aser processing step, and a
heat affected | ayer renoval step of supplying a gas in a
pl asma state to a back surface side of the wafer and
renmoving a heat affected |layer fornmed around the | aser
processed grooves after execution of the protective
conponent sticking step.

In the processing nethod of a wafer according to
the aspect of the present invention, the heat affected
| ayer forned around the | aser processed grooves is
renoved by supplying the gas in the plasma state to the

wafer divided into the plural device chips through the



formati on of the | aser processed grooves by the
irradiation with the | aser beam This can prevent the
heat affected layer fromremaining in the device chips
and suppress the lowering of the flexural strength of the
devi ce chi ps.

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

enbodi nent of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1A is a perspective view depicting a wafer

FIG 1B is a sectional view depicting the wafer

FIG 2Ais a partially sectional front view
depicting the wafer in a | aser processing step;

FIG 2B is an enlarged plan view depicting part of
the wafer in which a | aser processed groove is forned;

FIG 3Ais a partially sectional front view
depicting the wafer in a cut groove form ng step;

FIG 3B is an enlarged plan view depicting part of

the wafer in which a cut groove is forned;
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FIG 4A is a perspective view depicting the wafer
in a protective conponent sticking step;

FIG 4B is a perspective view depicting the wafer
to which a protective conponent is stuck;

FIG 5 is a front view depicting the wafer in a
grindi ng step;

FIG 6 is a schematic sectional view depicting a
pl asma treatnent apparat us;

FIG 7 is an enlarged sectional view depicting part
of the wafer to which a gas in a plasma state is
suppl i ed;

FIG 8A is an enlarged sectional view depicting
part of the wafer in which the | aser processed grooves
are forned,

FIG 8B is an enlarged sectional view depicting
part of the wafer in which a heat affected |ayer around
the | aser processed grooves has been renoved;

FIG 9A is an enlarged sectional view depicting
part of the wafer in which |aser dividing grooves are
formed; and

FIG 9B is an enlarged sectional view depicting
part of the wafer in which a heat affected |ayer around

the | aser dividing grooves has been renoved.



DETAI LED DESCRI PTON OF THE PREFERRED EMBODI MENT

An enbodi nent of the present invention will be
descri bed below with reference to the acconpanying
drawi ngs. First, a configuration exanple of a wafer that
can be processed by a processing nethod of a wafer
according to the present enbodinment will be descri bed.
FIG 1A is a perspective view depicting a wafer 11 and
FIG 1B is a sectional view depicting the wafer 11

For exanple, the wafer 11 is formed into a circular
di sc shape with silicon or the Iike and has a front
surface 1la and a back surface 11b. Furthernore, the
wafer 11 is segnented into plural rectangul ar regions by
plural streets (planned dividing |ines) 13 arranged in a
| attice manner, and a device 15 such an IC or LSl is
formed in each of these plural regions. There is no limt
on the nmaterial, shape, structure, size, and so forth of
the wafer 11. For exanple, the wafer 11 nmay be a
substrate that is conposed of a material such as a
sem conductor other than silicon (GaAs, InP, GaN, SiC, or
the like), ceramic, resin, or netal and has an optiona
size and shape. In addition, there is nolimt also on
the kind, quantity, shape, structure, size, arrangenent,
and so forth of the devices 15 forned on the wafer 11.

As depicted in FIG 1B, a functional |ayer (device
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| ayer) 17 that forns the plural devices 15 is fornmed on
the side of the front surface 1la of the wafer 11. The
functional layer 17 is a layer including various filns
(insulating film electrically-conductive film and so
forth) that formthe devices 15. For exanple, the
functional layer 17 includes an electrically-conductive
filmthat fornms el ectrodes and interconnects of the
devices 15 and insulating filns such as a | ow dielectric
constant insulating film(Lowk film that fornms an
interlayer insulating filmof the devices 15 and a
passivation filmthat protects the devices 15. The
regi ons marked out by the streets 13 in the functiona
| ayer 17 each correspond to the device 15.

When the wafer 11 is cut along the streets 13, the
wafer 11 is divided into plural device chips each
i ncluding the device 15. For the dividing of the wafer 11,
for exanple, a cutting apparatus that cuts the wafer 11
by an annul ar cutting blade is used. The cutting
apparatus includes a chuck table that holds the wafer 11
and a cutting unit on which the cutting blade that cuts
the wafer 11 is nounted. The cutting blade is rotated and
is made to cut into the wafer 11 held by the chuck table
along the street 13 and thereby the wafer 11 is cut al ong

the street 13. Furthernore, when the wafer 11 is cut

11



along all streets 13, the wafer 11 is divided into the
pl ural device chips.

However, as depicted in FIG 1B, part of the
functional layer 17 is forned also on the street 13 of
the wafer 11. Furthernore, when the cutting blade is nmade
to cut into the wafer 11 along the street 13, the
functional layer 17 that remains on the street 13 gets
caught by the cutting blade that rotates and is separated
I n sone cases. For exanple, when the Lowk filmincluded
in the functional |ayer 17 remains on the street 13, this
Lowk filmis easily peeled by the cutting bl ade.

Furt hernore, when the separation of the functional |ayer
17 reaches the device 15, possibly the device 15 breaks.

Thus, in the processing nethod of a wafer according
to the present enbodinent, first, by irradiating the side
of the front surface 11la of the wafer 11 with a | aser
beam al ong the streets 13, |aser processed grooves are
formed along the streets 13 while the functional |ayer 17
Is renoved along the streets 13 (| aser processing step).
FIG 2Ais a partially sectional front view depicting the
wafer 11 in the |aser processing step. In the |aser
processing step, the wafer 11 is irradiated with the
| aser beam by using a | aser processing apparatus 10. The

| aser processing apparatus 10 includes a chuck table
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(holding table) 12 that holds the wafer 11 and a | aser
irradiation unit 14 that emts a | aser beam 16 toward the
wafer 11 held by the chuck table 12.

The upper surface of the chuck table 12 forns a
hol di ng surface 12a that holds the wafer 11. For exanple,
the hol ding surface 12a is forned into a circul ar shape
with a dianeter |arger than the wafer 11. However, the
shape of the holding surface 12a is not limted and is
set as appropriate according to the shape of the wafer 11.
Furthernore, the holding surface 12a is connected to a
suction source (not depicted) such as an ejector through
a flow path (not depicted) fornmed inside the chuck table
12. There is no limt on the kind and structure of the
chuck table that holds the wafer 11. For exanple, a chuck
tabl e that holds the wafer 11 by a nechani cal nethod,
el ectrical nethod, or the |like nay be used instead of the
chuck table 12.

A novenent nechani sm (not depicted) and a rotation
mechani sm (not depicted) are connected to the chuck table
12. The novenent nechani sm noves the chuck table 12 al ong
a processing feed direction (first horizontal direction)
and an indexing feed direction (second hori zontal
direction) that are perpendicular to each other.

Furthernore, the rotation nechanismrotates the chuck
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table 12 around a rotation axis substantially parallel to
the vertical direction (upward-downward direction).

The laser irradiation unit 14 is disposed above the
chuck table 12. The laser irradiation unit 14 emts the
| aser beam 16 for processing the wafer 11 toward the
wafer 11 held by the chuck table 12. Specifically, the
| aser irradiation unit 14 includes a |aser oscillator of
a YAG |l aser, YVO, | aser, or the like and a light collector
that causes a |l aser beamoscillated in a pul sed manner by
the |l aser oscillator to be collected at a predeterm ned
position. The wavel ength of the |aser beam 16 is set in
such a manner that at |east part of the |aser beam 16 is
absorbed by the wafer 11 (|l aser beam 16 has absorbability
with respect to the wafer 11). Furthernore, the
irradiation condition (power, spot dianeter, repetition
frequency, and so forth) of the |aser beam 16 is set in
such a manner that abl ation processing is executed for
the wafer 11 when the wafer 11 is irradiated with the
| aser beam 16.

In the | aser processing step, first, the wafer 11
Is held by the chuck table 12. Specifically, the wafer 11
is disposed on the chuck table 12 in such a nmanner that
the side of the front surface l1lla (side of the functiona

| ayer 17, see FIG 1B) is exposed upward and the side of
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t he back surface 11b is opposed to the hol ding surface
12a. Wen a negative pressure of the suction source is
made to act on the holding surface 12a in this state, the
wafer 11 is sucked and held by the chuck table 12. A
protective tape or the like that protects the wafer 11
may be stuck to the side of the back surface 11b of the
waf er 11.

Next, the chuck table 12 is rotated in such a
manner that the length direction of one street 13 (see
FIG 1A) becones substantially parallel to the processing
feed direction. Furthernore, the position of the chuck
table 12 is adjusted in such a manner that the Iight
focal point of |aser beam 16 is positioned on an
extension line of the one street 13. Mreover, the height
of the light focal point of the |aser beam 16 is adj usted
in such a manner that the [aser beam 16 is collected on
the side of the front surface 11la of the wafer 11. Then,
as depicted in FIG 2A, the chuck table 12 is noved al ong
the processing feed direction (direction illustrated by
arrow A) while irradiation with the | aser beam 16 from
the laser irradiation unit 14 is executed. Thereby, the
side of the front surface 1l1la of the wafer 11 is
irradiated with the | aser beam 16 al ong the one street 13

and abl ation processing is executed for the wafer 11.
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Wien the side of the front surface 1la of the wafer
11 is irradiated with the [ aser beam 16, the functiona
| ayer 17 (see FIG 1B) is renoved along the one street 13.
In addition, a | aser processed groove 1llc with a
predeterm ned depth is fornmed into a |ine shape on the
side of the front surface 11la of the wafer 11 along the
one street 13. The functional |ayer 17 may be renoved by
abl ati on based on the irradiation with the | aser beam 16
or may be renoved as the result of the formation of the
| aser processed groove 11c in the wafer 11.

FIG 2B is an enlarged plan view depicting part of
the wafer 11 in which the | aser processed groove 1lc is
formed. Wen the wafer 11 is irradiated with the | aser
beam 16 al ong the street 13, the |inear |aser processed
groove 1llc with a smaller width than the width of the
street 13 (interval between adjacent devices 15) is
formed in the wafer 11 along the street 13. The w dth of
the | aser processed groove 1l1lc is adjusted by controlling
the spot dianmeter of the |aser beam 16, for exanple. In
FIG 2B, the region in which the | aser processed groove
11c is formed is given a pattern. Although di agranmtic
representation is omtted in FIG 2B, the functiona
| ayer 17 (see FIG 1B) is renpoved in the region that

overlaps with the | aser processed groove 11c by the
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irradiation with the | aser beam 16.

Thereafter, the sanme procedure is repeated to
renove the functional |ayer 17 along all streets 13 and
formthe | aser processed grooves 11c. Thereby, the | aser
processed grooves 1llc are fornmed in a lattice manner on
the side of the front surface 1la of the wafer 11. In the
| aser processing step, irradiation with the | aser beam 16
may be executed plural tinmes along each street 13.

Furthernore, in the | aser processing step, a
protective filmmy be formed on the side of the front
surface 1la of the wafer 11 before the wafer 11 is
irradiated with the | aser beam 16. Wen the protective
filmis forned on the side of the front surface 1la of
the wafer 11 and the wafer 11 is irradiated wth the
| aser beam 16 through this protective film processing
dust (debris) generated due to the irradiation with the
| aser beam 16 can be prevented from adhering to the side
of the front surface 11la of the wafer 11. This protective
filmis renoved after the formation of the |aser
processed grooves 11c is conpleted. As the protective
film for exanple, a water-soluble resin such as
pol yvi nyl al cohol (PVA) or polyethylene glycol (PEG can
be used. Wen the protective filmis conposed of the

wat er -sol ubl e resin, the protective filmcan be easily
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renoved by supplying purified water or the like to the
side of the front surface 1la of the wafer 11.

Next, cut grooves are formed inside the |aser
processed grooves 1llc along the streets 13 by cutting the
side of the front surface 1lla of the wafer 11 by a
cutting blade along the streets 13 (cut groove formng
step). FIG 3Ais a partially sectional front view
depicting the wafer 11 in the cut groove formng step. In
the cut groove formng step, the wafer 11 is cut by using
a cutting apparatus 20. The cutting apparatus 20 incl udes
a chuck table (holding table) 22 that holds the wafer 11
and a cutting unit 24 that cuts the wafer 11 held by the
chuck table 22.

The upper surface of the chuck table 22 forns a
hol di ng surface 22a that holds the wafer 11. For exanple,
the hol ding surface 22a is fornmed into a circul ar shape
with a larger dianeter than the wafer 11. However, the
shape of the holding surface 22a is not limted and is
set as appropriate according to the shape of the wafer 11.
Furthernore, the holding surface 22a is connected to a
suction source (not depicted) such as an ejector through
a flow path (not depicted) fornmed inside the chuck table
22. There is no limt on the kind and structure of the

chuck table that holds the wafer 11. For exanple, a chuck
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tabl e that holds the wafer 11 by a nechani cal nethod,
el ectrical nethod, or the |like nmay be used instead of the
chuck table 22.

A novenent nechani sm (not depicted) and a rotation
mechani sm (not depicted) are connected to the chuck table
22. The novenent nechani sm noves the chuck table 22 al ong
a processing feed direction (front-rear direction in FIG
3A). Furthernore, the rotation nmechanismrotates the
chuck table 22 around a rotation axis substantially
parallel to the vertical direction.

The cutting unit 24 is disposed above the chuck
table 22. The cutting unit 24 includes a circular
cylindrical spindle 26 disposed along a direction that is
substantially parallel to the holding surface 22a and is
substantial ly perpendi cular to the processing feed
direction. An annular cutting blade 28 that cuts the
wafer 11 is nounted on the tip part (one end part) of the
spindle 26. The cutting blade 28 is forned of an
el ectrof ornmed abrasive stone obtained by fixing dianond
abrasive grains by nickel plating, for exanmple. A
rotational drive source (not depicted) such as a notor is
connected to the base end part (the other end part) of
the spindle 26. Wen the spindle 26 is rotated by this

rotational drive source, the cutting bl ade 28 nounted on
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the spindle 26 rotates.

Furt hernore, a novenent nechani sm (not depicted) is
connected to the cutting unit 24. The novenent mechani sm
noves the cutting unit 24 along an i ndexing feed
direction (left-right direction in FIG 3A) and the
vertical direction. By this novenent mechanism the
position of the cutting blade 28 in the indexing feed
direction and the height of the cutting bl ade 28
(cutting-in depth) are adjusted.

In the cut groove formng step, first, the wafer 11
is held by the chuck table 22. Specifically, the wafer 11
I's disposed on the chuck table 22 in such a manner that
the side of the front surface 1lla is exposed upward and
the side of the back surface 11b is opposed to the
hol di ng surface 22a. Wen a negative pressure of the
suction source is made to act on the holding surface 22a
inthis state, the wafer 11 is sucked and held by the
chuck table 22. A protective tape or the |ike that
protects the wafer 11 may be stuck to the side of the
back surface 11b of the wafer 11.

Next, the chuck table 22 is rotated in such a
manner that the length direction of one street 13 becones
substantially parallel to the processing feed direction.

Furthernore, the height of the cutting unit 24 is
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adjusted in such a manner that the | ower end of the
cutting blade 28 is disposed to the |ower side relative
to the bottomof the |aser processed groove 11c and the
upper side relative to the back surface 11b of the wafer
11. Moreover, the position of the cutting unit 24 in the
i ndexing feed direction is adjusted in such a nmanner that
the cutting blade 28 is disposed on an extension |ine of
the one street 13. In this state, the chuck table 22 is
noved al ong the processing feed direction while the
cutting blade 28 is rotated. Thereby, the cutting bl ade
28 cuts into the side of the front surface 1la of the
wafer 11 along the street 13 and a |linear cut groove 11d
is formed in the wafer 11 along the street 13.

In the cut groove formng step, the cutting bl ade
28 thinner (with a smaller width) than the width of the
| aser processed groove 1llc fornmed in the wafer 11 is used.
Furthernore, the cutting bl ade 28 noves in such a nmanner
that the whole thereof overlaps with the | aser processed
groove 1llc in plan view and passes between both ends of
the | aser processed groove 1l1c in the width direction
(inside the | aser processed groove 1lc). Thus, the
cutting blade 28 cuts into the bottom of the | aser
processed groove 1llc w thout getting contact with a pair

of side surfaces of the wafer 11 exposed inside the |aser
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processed groove 1llc. As a result, the cut groove 11d
with a snmaller width than the | aser processed groove 1llc
is formed inside the | aser processed groove 11c in plan
view fromthe bottom of the |aser processed groove 1llc
toward the side of the back surface 11b of the wafer 11.
Moreover, the cutting-in depth of the cutting bl ade 28
(difference in the height between the front surface 1lla
of the wafer 11 and the | ower end of the cutting bl ade
28) is set to exceed the thickness of the wafer 11 after
the wafer 11 is ground in a grinding step to be descri bed
| ater (finished thickness of the wafer 11), i.e., the
target value of the thickness of the wafer 11 in the
grinding step. Thus, the depth of the cut groove 11d
(difference in the height between the front surface 1lla
of the wafer 11 and the bottom of the cut groove 11d)
becones | arger than the finished thickness of the wafer
11.

FIG 3B is an enlarged plan view depicting part of
the wafer 11 in which the cut groove 11d is forned. Wen
the wafer 11 is cut by the cutting blade 28 al ong the
street 13, on the street 13, the cut groove 11d with a
smaller width than the width of the | aser processed
groove 1llc is fornmed inside the | aser processed groove

11c along the street 13. In FIG 3B, the region in which
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the cut groove 11d is formed is given a different pattern
fromthe region in which the | aser processed groove 1lc
is formed. Here, in the above-described | aser processing
step, the functional |ayer 17 (see FIG 1B) has been
renoved in the regions that overlap with the |aser
processed groove 1llc. For this reason, contact between
the cutting blade 28 and the functional |ayer 17 does not
occur when the inside of the |aser processed groove 1lc
Is cut by the cutting blade 28. This can prevent the
functional layer 17 fromgetting caught by the cutting

bl ade 28 that rotates and bei ng separated.

Thereafter, the sane procedure is repeated to form
the cut grooves 11d along all streets 13. Thereby, on the
side of the front surface 1la of the wafer 11, the cut
grooves 11d with the depth that exceeds the finished
thi ckness of the wafer 11 are forned in a lattice manner
al ong the streets 13.

Next, a protective conmponent is stuck to the side
of the front surface 1la of the wafer 11 (protective
conmponent sticking step). FIG 4A is a perspective view
depicting the wafer 11 in the protective conponent
sticking step. In the protective conponent sticking step,
for exanple, a protective conponent 19 fornmed into a

circular shape wth a dianeter equivalent to that of the
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wafer 11 is stuck to the side of the front surface 1la of
the wafer 11. The protective conponent 19 is stuck to the
wafer 11 in such a manner as to cover the whole of the
side of the front surface 1la of the wafer 11.

As the protective conponent 19, a protective tape
conposed of a flexible resin is used, for exanple.
Specifically, the protective conponent 19 includes a
circul ar base and an adhesi on layer (glue |ayer) disposed
on the base. The base is conposed of a resin such as
pol yol efi n, polyvinyl chloride, or polyethylene
terepht hal ate, and the adhesion |ayer is conposed of an
epoxy- based, acrylic, or rubber-based adhesive or the
like. Furthernore, it is also possible to use an
ultraviolet-curable resin cured by irradiation with
ultraviolet rays for the adhesion |ayer. However, there
is nolimt on the material of the protective conponent
19 as long as the protective conponent 19 can protect the
side of the front surface 1la of the wafer 11 and the
plural devices 15. For exanple, the protective conponent
19 may be a high-rigidity substrate that is conposed of
silicon, glass, ceramc, or the |like and is forned into a
pl at e shape.

FIG 4B is a perspective view depicting the wafer

11 to which the protective conponent 19 is stuck. By the
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protective conponent 19, the side of the front surface
11a of the wafer 11 and the plural devices 15 are
protected in execution of later steps (grinding step,
processing distortion renoval step, and so forth).

Next, by grinding the side of the back surface 11b
of the wafer 11 and thinning the wafer 11, the cut
grooves 11d are exposed in the back surface 11b and the
wafer 11 is divided into plural device chips (grinding
step). FIG 5 is a front view depicting the wafer 11 in
the grinding step. In the grinding step, the wafer 11 is
ground by using a grinding apparatus 40. The grinding
apparatus 40 includes a chuck table (holding table) 42
that holds the wafer 11 and a grinding unit 44 that
grinds the wafer 11 held by the chuck table 42.

The upper surface of the chuck table 42 forns a
hol di ng surface 42a that holds the wafer 11. For exanple,
the hol ding surface 42a is fornmed into a circul ar shape
with a larger dianeter than the wafer 11. However, the
shape of the holding surface 42a is not Ilimted and is
set as appropriate according to the shape of the wafer 11.
Furthernore, the holding surface 42a is connected to a
suction source (not depicted) such as an ejector through
a flow path (not depicted) fornmed inside the chuck table

42. There is no limt on the kind and structure of the
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chuck table that holds the wafer 11. For exanple, a chuck
table that holds the wafer 11 by a nechani cal nethod,

el ectrical nmethod, or the like nmay be used instead of the
chuck table 42.

A novenent nechani sm (not depicted) and a rotation
mechani sm (not depicted) are connected to the chuck table
42. The novenent nechani sm noves the chuck table 42 al ong
the horizontal direction. Furthernore, the rotation
mechani smrotates the chuck table 42 around a rotation
axis substantially parallel to the vertical direction.

The grinding unit 44 is disposed above the chuck
table 42. The grinding unit 44 includes a circular
cylindrical housing (not depicted) that noves in the
vertical direction by a novenent nechani sm (rai sing-
| owering nechani sm not depicted) and a circul ar
cylindrical spindle 46 that becones a rotation axis is
housed in this housing.

The tip part (lower end part) of the spindle 46
protrudes downward fromthe | ower end of the housing and
a mount 48 that is conposed of a netal or the Iike and
has a circular disc shape is fixed to this tip part. A
gri ndi ng wheel 50 with substantially the sane dianeter as
the mount 48 is nmounted on the | ower surface side of the

nmount 48. The grindi ng wheel 50 includes a circular
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annul ar wheel base 52 conposed of a netal such as
stainless steel or alumnum Furthernore, plural grinding
abrasi ve stones 54 formed into a rectangul ar
paral | el epi ped shape are fixed to the | ower surface side
of the wheel base 52 at substantially equal intervals

al ong the outer circunference of the wheel base 52. The

| oner surfaces of these plural grinding abrasive stones
54 get contact with the wafer 11 and thereby the wafer 11
IS ground.

A rotational drive source (not depicted) such as a
notor is connected to the base end part (upper end part)
of the spindle 46. The grinding wheel 50 rotates around a
rotation axis substantially parallel to the vertica
direction by a rotational force transmtted fromthis
rotational drive source through the spindle 46 and the
nmount 48. Furthernore, a nozzle (not depicted) that
supplies a grinding liquid such as purified water to the
wafer 11 held by the chuck table 42 is disposed near the
grinding unit 44. Wen the wafer 11 is ground by the
plural grinding abrasive stones 54, the grinding liquid
is supplied fromthe nozzle toward the wafer 11 and the
plural grinding abrasive stones 54.

In the grinding step, first, the wafer 11 is held

by the chuck table 42. Specifically, the wafer 11 is
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di sposed on the chuck table 42 in such a manner that the
side of the front surface 1la is opposed to the hol ding
surface 42a and the side of the back surface 11b is
exposed upward. When a negative pressure of the suction
source is nmade to act on the holding surface 42a in this
state, the wafer 11 is sucked and held by the chuck table
42.

Next, the chuck table 42 that holds the wafer 11 is
noved to the | ower side of the grinding unit 44. Then,
the grinding wheel 50 is | owered toward the chuck table
42 while the chuck table 42 and the grinding wheel 50 are
each rotated in a predetermned direction at a
predeterm ned rotati on speed. The |owering speed of the
grinding wheel 50 at this tinme is adjusted to cause the
plural grinding abrasive stones 54 to be pressed agai nst
the side of the back surface 11b of the wafer 11 with a
proper force. Wen the |ower surfaces of the plural
gri ndi ng abrasive stones 54 that rotate get contact with
the side of the back surface 11b of the wafer 11, the
side of the back surface 11b of the wafer 11 is ground
of f. Thereby, grinding processing is executed for the
wafer 11 and the wafer 11 becones thinner. Then, when the
waf er 11 has been thinned to a predeterm ned thickness

(finished thickness), the grinding of the wafer 11 is

28



conpl eted. Furthernore, when the wafer 11 is ground by
the plural grinding abrasive stones 54, the grinding
liquid is supplied fromthe nozzle to the wafer 11 and
the plural grinding abrasive stones 54. By this grinding
liquid, the wafer 11 and the plural grinding abrasive
stones 54 are cool ed and dust generated due to the
grinding of the wafer 11 (grinding dust) is washed off.

Wien the wafer 11 has been thinned until the
t hi ckness of the wafer 11 becones the finished thickness,
the cut grooves 11d fornmed along the streets 13 are
exposed in the back surface 11b of the wafer 11 (see FIG
5). Thereby, the wafer 11 is divided into plural device
chi ps 21 each including the device 15.

Next, a gas in a plasnma state is supplied to the
side of the back surface 11b of the wafer 11 and
processing distortion forned in the back surfaces and
side parts of the plural device chips 21 is renoved
(processing distortion renoval step).

When the | aser processing step (see FIG 2A) is
executed, distortion of mnute unevenness, cracks, and so
forth (processing distortion) forned due to the
irradiation with the |aser beam 16 renmi ns around the
| aser processed grooves 1llc in sone cases. For exanple,

after execution of the |aser processing step, the
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processing distortion renmains in the side surfaces of the
waf er 11 exposed inside the | aser processed grooves 1llc,
t he surroundi ngs thereof, and so forth. Furthernore, when
the cut groove formng step (see FIG 3A) is executed,
di stortion of m nute unevenness, cracks, and so forth
(processing distortion) fornmed due to contact with the
cutting blade 28 remains around the cut grooves 11d in
sone cases. For exanple, after execution of the cut
groove formng step, the processing distortion renmains in
the side surfaces of the wafer 11 exposed inside the cut
grooves 11d, the surroundi ngs thereof, and so forth.
Mor eover, when the grinding step (see FIG 5) is executed,
di stortion of m nute unevenness, cracks, and so forth
(processing distortion) forned due to contact with the
plural grinding abrasive stones 54 renains on the side of
t he back surface 11b of the wafer 11 in sone cases.

When the plural device chips 21 are manufactured by
di viding the wafer 11 including the above-descri bed
processing distortion, the processing distortion renains
in the device chips 21. Furthernore, a flexural strength
(bendi ng strength) of the device chips 21 |owers due to
this processing distortion, so that the quality of the
device chips 21 |lowers. Thus, in the present enbodi nent,

the processing distortion is renoved by executing plasm
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treatment for the wafer 11 divided into the plural device
chi ps 21.

In the processing distortion renoval step, the
plasma treatnent is executed for the wafer 11 by using a
pl asma treatnent apparatus. FIG 6 is a schematic
sectional view depicting a plasma treatnent apparatus 60.

The pl asnma treatnent apparatus 60 includes a
chanber 64 that fornms a treatnent space 62 in which
plasma treatnent is executed. The chanber 64 is forned
into a rectangul ar parall el epi ped shape including a
bottomwal | 64a, an upper wall 64b, a first sidewall 64c,
a second sidewal |l 64d, a third sidewall 64e, and a fourth
sidewal | (not depicted). Furthernore, an opening 66 for
carrying in and out the wafer 11 is made in the second
sidewal | 64d. A gate 68 that opens and cl oses the opening
66 is disposed outside the opening 66. The gate 68 is
connected to an openi ng-cl osi ng nechanism 70 and t he
openi ng-cl osi ng nechani sm 70 noves the gate 68 al ong the
vertical direction (upward-downward direction). For
exanpl e, the openi ng-closing nechanism 70 is formed of an
air cylinder 72 having a piston rod 74. The upper end
part of the piston rod 74 is joined to the |ower part of
the gate 68. In addition, the air cylinder 72 is fixed to

the bottomwall 64a of the chanber 64 with the

31



internediary of a bracket 76. The gate 68 is | owered by
t he openi ng-cl osi ng nmechani sm 70 and the opening 66 is
exposed. This nmakes it possible to carry in the wafer 11
to the treatnment space 62 of the chanber 64 through the
opening 66 or carry out the wafer 11 fromthe treatnent
space 62 of the chanber 64 through the opening 66.

Furthernore, a gas evacuation port 78 that connects
the inside and outside of the chanber 64 is fornmed in the
bottomwal | 64a of the chanber 64. A gas evacuation
mechani sm 80 for reducing the pressure of the treatnent
space 62 is connected to the gas evacuation port 78. The
gas evacuation nmechanism80 is forned of a vacuum punp,
for exanple.

In the treatnment space 62 of the chanber 64, a
| ower el ectrode 82 and an upper el ectrode 84 are di sposed
opposed to each other. The |lower electrode 82 is conposed
of an electrically-conductive material and includes a
hol ding part 86 with a circul ar disc shape and a support
part 88 that protrudes downward froma central part of
the | ower surface of the holding part 86 and has a
ci rcular columm shape. The support part 88 is inserted in
an opening 90 fornmed in the bottomwall 64a of the
chanber 64. An annul ar insulating conmponent 92 is

di sposed between the bottomwall 64a and the support part
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88 in the opening 90 and the chanber 64 is insulated from
the I ower electrode 82 by the insulating conponent 92.
Furthernore, the lower electrode 82 is connected to a
hi gh-frequency power supply 94 outside the chanber 64.

A recessed part is formed on the upper surface side
of the holding part 86 and a table 96 on which the wafer
11 is placed is disposed in this recessed part. The upper
surface of the table 96 forns a hol ding surface that
hol ds the wafer 11. Furthernore, a flow path (not
depicted) is forned inside the table 96 and the upper
surface of the table 96 is connected to a suction source
100 such as an ejector through this flow path and a fl ow
path 98 forned inside the | ower el ectrode 82.

Moreover, a cooling flow path 102 is forned inside
the hol ding part 86. One end side of the cooling flow
path 102 is connected to a refrigerant circulation
mechani sm 106 through a refrigerant introduction path 104
formed in the support part 88. Furthernore, the other end
side of the cooling flow path 102 is connected to the
refrigerant circul ati on nechani sm 106 through a
refrigerant discharge path 108 fornmed in the support part
88. When the refrigerant circulation nechanism 106 is
actuated, a refrigerant flows in the refrigerant

i ntroduction path 104, the cooling flow path 102, and the
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refrigerant discharge path 108 sequentially and the | ower
el ectrode 82 is cool ed.

The upper el ectrode 84 is conposed of an
el ectrically-conductive material and includes a gas
ejection part 110 with a circular disc shape and a
support part 112 that protrudes upward froma centra
part of the upper surface of the gas ejection part 110
and has a circular colum shape. The support part 112 is
inserted in an opening 114 formed in the upper wall 64b
of the chanber 64. An annul ar insulating conponent 116 is
di sposed between the upper wall 64b and the support part
112 in the opening 114 and the chanber 64 is insul ated
fromthe upper electrode 84 by the insulating conponent
116. Furthernore, the upper electrode 84 is connected to
a high-frequency power supply 118 outside the chanber 64.
A support arm 122 joined to a raising-lowering nmechani sm
120 is nounted on the upper end part of the support part
112. The upper electrode 84 noves in the vertica
di rection (upward-downward direction) by the raising-
| owering nechani sm 120 and the support arm 122.

Plural ejection ports 124 are nmade on the | ower
surface side of the gas ejection part 110. These ejection
ports 124 are connected to a first gas supply source 130

and a second gas supply source 132 through a flow path
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126 forned inside the gas ejection part 110 and a fl ow
path 128 fornmed inside the support part 112. The first
gas supply source 130 and the second gas supply source
132 can supply gases of conponents different from each
other to the flow path 128.

The respective constituent parts of the plasm
treat nent apparatus 60 (opening-closing nechanism 70, gas
evacuati on nmechani sm 80, hi gh-frequency power supply 94,
suction source 100, refrigerant circul ati on nmechani sm 106,
hi gh-frequency power supply 118, raising-Ilowering
mechani sm 120, first gas supply source 130, second gas
supply source 132, and so forth) are connected to a
control part (control unit, control apparatus) 134 that
controls the plasma treatnent apparatus 60. The contro
part 134 is configured by a conmputer or the |ike and
controls operation of each of the constituent parts of
the plasna treatnent apparatus 60.

In the processing distortion renoval step, first,
the gate 68 of the plasna treatnent apparatus 60 is
| ower ed by the openi ng-closing nechanism 70 and t he
openi ng 66 i s exposed. Then, by a conveyi ng nmechani sm
(not depicted), the wafer 11 is carried in to the
treatment space 62 of the chanber 64 through the opening

66 and is disposed on the table 96. At this tinme, the
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wafer 11 is disposed in such a manner that the side of
the back surface 11b is exposed toward the upper side
(side of the upper electrode 84). At the tine of the
carrying-in of the wafer 11, it is preferable to raise
the upper el ectrode 84 by the raising-Iowering nmechani sm
120 and wi den the interval between the |ower electrode 82
and t he upper el ectrode 84.

Next, a negative pressure of the suction source 100
iIs made to act on the upper surface of the table 96 and
the wafer 11 is sucked and held by the table 96.
Furthernore, the gate 68 is raised by the opening-closing
nmechani sm 70 and the opening 66 is closed to hernetically
seal the treatnent space 62. Moreover, the height
position of the upper electrode 84 is adjusted by the
rai si ng-1owering mechanism 120 in such a manner that the
upper electrode 84 and the | ower el ectrode 82 have a
predeterm ned positional relation suitable for plasm
treatment. Then, the gas evacuati on nmechanism@80 is
actuated and the treatnent space 62 is set to a reduced-
pressure state (for exanple, at |least 50 Pa and at nost
300 Pa). If it becones difficult to hold the wafer 11 on
the table 96 by the negative pressure of the suction
source 100 when the pressure of the treatnent space 62 is

reduced, the wafer 11 is held on the table 96 by an
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el ectrical force (typically electrostatic attraction) or
the like. For exanple, plural electrodes are buried
inside the table 96. By applying a predeterm ned voltage
to these el ectrodes, a Coulonb force is made to act
between the table 96 and the wafer 11 and the wafer 11 is
caused to adhere to the table 96. That is, the table 96
functions as an electrostatic chuck table.

Then, a gas for etching (etching gas) is supplied
to between the | ower electrode 82 and the upper el ectrode
84 fromthe first gas supply source 130 through the fl ow
path 128, the flow path 126, and the plural ejection
ports 124. Furthernore, predeterm ned hi gh-frequency
power (for exanple, at |least 1000 Wand at nost 3000 W
iIs given to the |lower el ectrode 82 and the upper
el ectrode 84. As a result, the gas that exists between
the |l ower el ectrode 82 and the upper electrode 84 is
turned to plasnma and the gas in the plasm state is
supplied to the side of the back surface 11b of the wafer
11.

FIG 7 is an enlarged sectional view depicting part
of the wafer 11 to which the gas in the plasm state is
supplied. A gas 140 ejected fromthe plural ejection
ports 124 becones the plasnma state including ions and

radi cal s between the | ower el ectrode 82 and the upper
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el ectrode 84. Then, the gas 140 in the plasna state is
supplied to the side of the back surface 11b of the wafer
11 divided into the plural device chips 21. As a result,
the gas 140 in the plasna state acts on the wafer 11 and
pl asma etching is executed for the wafer 11. The
conmponent of the gas 140 is not limted and is sel ected
as appropriate according to the material of the wafer 11.
For exanple, when the wafer 11 is a silicon wafer, the
gas 140 containing a fluorine-based gas of CF4;, SFs or
the |ike can be used.

The gas 140 in the plasna state is applied to the
back surface 11b of the wafer 11 and enters the gaps
bet ween the adjacent device chips 21 (laser processed
grooves 11c and cut grooves 11d). Due to this, processing
distortion formed on the side of the back surface 11b of
the wafer 11 (corresponding to the back surface side of
the device chips 21) and processing distortion forned in
the side parts of the wafer 11 exposed in the gaps
bet ween the adj acent device chips 21 (corresponding to
the side parts of the device chips 21) are renoved by the
pl asma et chi ng.

Here, in the above-described | aser processing step
(see FIG 2A), due to heat generated by the irradiation

with the | aser beam 16, processing distortion of
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unevenness and so forth due to thermal deformation is
easily forned particularly around the | aser processed
grooves 1l1c. Furthernore, if the region in which this
processing distortion due to the heat is fornmed (heat
affected | ayer, heat distortion layer) remains in the
wafer 11, the flexural strength of the device chips 21 is
adversely affected.

FIG 8A is an enlarged sectional view depicting
part of the wafer 11 in which the | aser processed grooves
11c are forned. A heat affected |ayer (heat distortion
| ayer) 11le fornmed due to the irradiation with the | aser
beam 16 remains around the | aser processed grooves lic.
In FIG 8A, the state is depicted in which the heat
affected layer 1le remains along both side ends of the
| aser processed groove 1l1lc (pair of side surfaces of the
waf er 11 exposed inside the | aser processed groove 11c)
and the bottom of the | aser processed groove 1l1lc. The
heat affected layer 1le is formed to a predeterm ned
t hi ckness (for exanple, 20 umor smaller) according to
the irradiation condition of the | aser beam 16.

When the gas 140 in the plasma state is supplied to
the wafer 11 in which the heat affected |ayers 1lle are
formed, the gas 140 enters the cut grooves 11d fromthe

side of the back surface 11b of the wafer 11 and reaches
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the | aser processed grooves 11c. Then, plasma etching is
executed for the heat affected | ayer 1lle forned around
the | aser processed grooves 11c by the gas 140 and the
heat affected layer 1le is renoved. FIG 8B is an
enl arged sectional view depicting part of the wafer 11 in
whi ch the heat affected |ayer 1lle around the | aser
processed grooves 1llc has been renpoved. Due to the
renoval of the heat affected |ayer 1lle by the supply of
the gas 140 in the plasna state, the |lowering of the
flexural strength of the device chips 21 is suppressed.
After the execution of the above-described
processing distortion renoval step, a distortion |ayer
(gettering |ayer) may be formed on the side of the back
surface 11b of the wafer 11 (distortion [ayer formng
step). This distortion |layer corresponds to a region in
whi ch nore m nute unevenness and cracks than the
processing distortion forned in the wafer 11 in the
above-descri bed | aser processing step and cut groove
formng step are forned. It has been confirned that, when
the distortion | ayer exists on the side of the back
surface 11b of the wafer 11, the gettering effect by
which netallic elenments (copper and so forth) existing
inside the wafer 11 are captured by the distortion | ayer

is obtained. Thus, when the distortion layer is fornmed on
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the side of the back surface 11b of the wafer 11, the
netallic elenents becone less likely to nove to the side
of the front surface 1la of the wafer 11, on which the
plural devices 15 are fornmed, and operation failure
(current | eakage and so forth) of the device 15
attributed to the netallic elenents becones less |ikely
to occur.

The plasma treatnent apparatus 60 (see FIG 6) can
be used for the formation of the distortion |ayer. For
exanpl e, the distortion layer is forned by maki ng an
inert gas be a plasma state by the plasma treatnent
apparatus 60 and supplying the inert gas to the side of
the back surface 11b of the wafer 11. Specifically, after
renoval of the processing distortion is conpleted in the
processing distortion renoval step, the supply of the
etching gas fromthe first gas supply source 130 to the
chanber 64 is stopped. Then, predeterm ned high-frequency
power is given to the | ower electrode 82 and the upper
el ectrode 84 while the inert gas (for exanple, noble gas
such as He or Ar) is supplied fromthe second gas supply
source 132 to the chanber 64. Thereby, the inert gas is
turned to plasma between the | ower el ectrode 82 and the
upper electrode 84 and the inert gas in the plasnma state

Is applied to the back surface 11b of the wafer 11. As a
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result, the back surface 11b of the wafer 11 is sputtered
and m nute unevenness or cracks (distortion) are forned
in the back surface 11b. The region in which this
distortion is fornmed (distortion layer) functions as a
gettering layer that captures netallic el enents contained
i nside the wafer 11.

The thickness of the distortion |ayer forned by the
plasma treatnment using the inert gas is extrenely small.
For exanple, the thickness of the distortion |ayer is at
nost 1/10 of the thickness of the processing distortion
formed in the wafer 11 in the | aser processing step and
the cut groove formng step. Thus, the influence given to
the flexural strength of the device chips 21 by the
di stortion layer is small.

As descri bed above, in the processing nethod of a
waf er according to the present enbodi nent, the heat
affected layer 1le formed around the | aser processed
grooves 1l1c is renoved by supplying the gas in the plasna
state to the wafer 11 divided into the plural device
chips 21 through the formation of the | aser processed
grooves 11c by the irradiation with the | aser beam 16.
This can prevent the heat affected layer 1le from
remai ning in the device chips 21 and suppress the

| owering of the flexural strength of the device chips 21.
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In the above-descri bed enbodi nent, the exanple in
whi ch the | aser processed grooves 11lc and the cut grooves
11d are forned in the wafer 11 is described (see FIG 2A
and FIG 3A). However, in the | aser processing step, the
| aser processed grooves 1llc with a depth that exceeds the
finished thickness of the wafer 11 may be formed al ong
the streets 13 by irradiation with the | aser beam 16.
When the wafer 11 in which the |aser processed grooves
11c with the depth that exceeds the finished thickness of
the wafer 11 are forned is thinned until the thickness of
the wafer 11 becones the finished thickness (grinding
step), the | aser processed grooves 1l1c are exposed on the
side of the back surface 11b of the wafer 11. Thereby,
the wafer 11 is divided into the plural device chips 21.
When the depth of the | aser processed grooves 1l1c is set
| arger than the finished thickness of the wafer 11 as
descri bed above, the step of cutting the wafer 11 by the
cutting blade 28 (cut groove form ng step) can be omtted.
Due to this, preparation and operation of the cutting
apparatus 20 becone unnecessary. |In addition, the nunber
of steps is reduced.

Moreover, in the | aser processing step, |aser
processed grooves that reach the back surface 11b from

the front surface 11la of the wafer 11 nay be forned al ong

43



the streets 13 by irradiation with the | aser beam 16. In
this case, the wafer 11 is divided along the streets 13
by the irradiation with the | aser beam 16.

FIG 9A is an enlarged sectional view depicting
part of the wafer 11 in which |aser processed grooves
(laser dividing grooves) 11f that reach the back surface
11b from the front surface 1la of the wafer 11 are forned.
When the | aser processed grooves 11f are fornmed al ong the
streets 13 by irradiation with the | aser beam 16, the
wafer 11 is divided along the streets 13. That is, the
wafer 11 is divided into the plural device chips 21 in
the | aser processing step. Wen the | aser processed
grooves 11f are fornmed in the |aser processing step,
formation of the cut grooves 11d becones unnecessary and
the cut groove formng step can be omtted. Furthernore,
the grinding step is executed in the state in which the
wafer 11 has been divided into the plural device chips 21,
and the back surface side of each of the plural device
chips 21 is ground. However, the grinding step can be
omtted if the thickness of the device chips 21 obtained
in the | aser processing step already falls within a
desi red range.

When the | aser processed grooves 11f are fornmed by

irradiation with the | aser beam 16, the heat affected
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| ayer (heat distortion layer) 11g is forned around the

| aser processed grooves 11f. In FIG 9A, the state is
depicted in which the heat affected |ayer 11g remains

al ong both side ends of the | aser processed groove 11f
(pair of side surfaces of the wafer 11 exposed inside the
| aser processed groove 11f). Wen the gas 140 in a plasm
state is supplied to the side of the back surface 11b of
the wafer 11 in which the heat affected |ayers 11g are
formed by using the plasm treatnent apparatus 60 (see
FIG 6), the gas 140 in the plasnma state enters the | aser
processed grooves 11f. Due to this, the heat affected

| ayer 11g forned around the | aser processed grooves 11f

is renoved (heat affected | ayer renoval step). FIG 9B is
an enl arged sectional view depicting part of the wafer 11
in which the heat affected |ayer 11g around the | aser
processed grooves 11f has been renoved.

In some cases, it is difficult to formthe |aser
processed grooves 11c with the depth that exceeds the
finished thickness of the wafer 11 or the | aser processed
grooves 11f that reach the back surface 11b fromthe
front surface 1lla of the wafer 11 by one tine of
irradiation with the |aser beam 16. In this case, the
| aser processed grooves 1llc or 11f are forned by

executing irradiation with the | aser beam 16 plural tines
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al ong each street 13.

Furthernore, in the above-described enbodi nent, the
pl asma treatnment apparatus 60 (see FIG 6) that turns a
gas supplied to the chanber 64 to plasma inside the
chanber 64 is described. However, the plasma treatnent
apparatus 60 may supply a gas turned to plasnma outside
t he chanber 64 to the inside of the chanber 64. It has
been confirnmed that the gas enters gaps fornmed in the
wafer 11 (|l aser processed grooves 1llc or 11f, cut grooves
11d, and so forth) nore readily when the gas turned to
pl asma out side the chanber 64 is introduced into the
chanmber 64 and is supplied to the wafer 11. It is
inferred that this is attributed to that, when the gas in
the plasna state is introduced to the inside of the
chanber 64 fromthe outside through a pipe, ions
contained in the gas are excluded due to adsorption to
the inner wall of the pipe and so forth and the gas with
a high ratio of radicals is supplied to the wafer 11. For
this reason, when the gas turned to plasma outside the
chanber 64 is supplied to the wafer 11, the gas in the
plasma state travels nore readily inside the |aser
processed grooves 11c or 11f and the cut grooves 11d
toward the side of the front surface 1la of the wafer 11.

This facilitates renoval of the processing distortion
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formed on the side of the front surface 1la of the wafer
11 (for exanple, heat affected |ayer 1lle depicted in FIG
8A and so forth).
Besi des, structures, nethods, and so forth
according to the above-descri bed enbodi nent can be
i npl enented wi th appropriate changes w thout departing
fromthe range of the object of the present invention.
The present invention is not Iimted to the details
of the above described preferred enbodi nent. The scope of
the invention is defined by the appended clains and al
changes and nodifications as fall within the equival ence
of the scope of the clains are therefore to be enbraced

by the invention.

a7



WHAT | S CLAIMED | S:

1. A processing nethod of a wafer having, on a
front surface side, a functional |ayer that forns a
plurality of devices disposed in a plurality of regions
mar ked out by a plurality of streets, the processing
nmet hod conpri sing:

a |l aser processing step of formng | aser processed
grooves along the streets while renoving the functiona
| ayer along the streets by irradiating the front surface
side of the wafer with a | aser beam havi ng absorbability
with respect to the wafer along the streets;

a cut groove formng step of form ng cut grooves
with a depth that exceeds finished thickness of the wafer
i nside the | aser processed grooves along the streets by
cutting the front surface side of the wafer along the
streets by a cutting blade thinner than width of the
| aser processed grooves;

a protective conmponent sticking step of sticking a
protective conponent to the front surface side of the
waf er after execution of the cut groove form ng step;

a grinding step of causing the cut grooves to be
exposed on a back surface side of the wafer to divide the
wafer into a plurality of device chips by holding the

wafer by a chuck table of a grinding apparatus with

48



i nternmedi ary of the protective conponent and grinding the
back surface side of the wafer to thin the wafer until

t hi ckness of the wafer becones the finished thickness;
and

a processing distortion renoval step of supplying a
gas in a plasma state to the back surface side of the
waf er and renoving processing distortion forned in the
back surface side and side parts of the plurality of
devi ce chi ps,

wherein a heat affected |ayer fornmed around the
| aser processed grooves is renoved in the processing
di stortion renoval step

2. A processing nethod of a wafer having, on a
front surface side, a functional |ayer that forns a
plurality of devices disposed in a plurality of regions
mar ked out by a plurality of streets, the processing
met hod conpri sing:

a |l aser processing step of form ng | aser processed
grooves with a depth that exceeds finished thickness of
the wafer along the streets while renoving the functiona
| ayer along the streets by irradiating the front surface
side of the wafer with a | aser beam havi ng absorbability
with respect to the wafer along the streets;

a protective conmponent sticking step of sticking a
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protective conponent to the front surface side of the
waf er after execution of the | aser processing step;

a grinding step of causing the | aser processed
grooves to be exposed on a back surface side of the wafer
to divide the wafer into a plurality of device chips by
hol di ng the wafer by a chuck table of a grinding
apparatus with internediary of the protective conmponent
and grinding the back surface side of the wafer to thin
the wafer until thickness of the wafer becones the
fini shed thickness; and

a processing distortion renoval step of supplying a
gas in a plasna state to the back surface side of the
waf er and renovi ng processing distortion fornmed in the
back surface side and side parts of the plurality of
devi ce chi ps,

wherein a heat affected |ayer forned around the
| aser processed grooves is renoved in the processing
di stortion renoval step

3. A processing nethod of a wafer having, on a
front surface side, a functional |ayer that fornms a
plurality of devices disposed in a plurality of regions
mar ked out by a plurality of streets, the processing
nmet hod conpri sing:

a |l aser processing step of form ng | aser processed
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grooves along the streets to divide the wafer into a
plurality of device chips while renoving the functiona

| ayer along the streets by executing irradiation with a

| aser beam having absorbability with respect to the wafer
al ong the streets;

a protective conmponent sticking step of sticking a
protective conponent to the front surface side of the
waf er after execution of the |laser processing step; and

a heat affected | ayer renoval step of supplying a
gas in a plasma state to a back surface side of the wafer
and renoving a heat affected |ayer forned around the
| aser processed grooves after execution of the protective

conmponent sticking step.
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