WAFER PROCESSI NG METHCOD

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a nethod for
processing a wafer in which patterns including a netal
| ayer are fornmed on streets.

Description of the Related Art

A wafer fornmed with devices such as integrated
circuits (ICs) on the front surface thereof is divided
along streets (division lines), whereby a plurality of
devi ce chips each including the device are obtained. The
di vision of the wafer is conducted, for exanple, by using
a cutting apparatus in which an annular cutting bl ade for
cutting the wafer is nounted. The cutting blade is
rotated and is made to cut into the wafer along the
streets, whereby the wafer is cut and divi ded.

The devi ce chi ps obtained by the division of the
waf er are incorporated into various electronic
apparatuses; in recent years, attendant on reductions in
the size and thickness of el ectronic apparatuses,
reductions in the size and thickness of the device chips
have al so been demanded. In view of this, a technique of

grinding the back surface of the wafer by a grindstone to



thin the device chips has been used. Wen the back
surface of the wafer is ground by the grindstone, m nute
ruggedness (mnute projections and recesses) and cracks
are forned in the ground region. Since the presence of
the region forned with the ruggedness or cracks (crushed
| ayer) would | ower the die strength of the wafer, the
crushed layer is renoved by polishing with a polishing
pad or by dry etching or the |like after the grinding.

On the other hand, it is known that when the
crushed layer is left on the wafer, a gettering effect is
obt ai ned by which netallic elenents such as copper
contained in the inside of the wafer are captured into
the crushed | ayer. Therefore, when the crushed |ayer is
formed on the back surface side of the wafer, the
netallic elenments are captured to the back surface side
of the wafer, whereby the netallic el enents can be
prevented fromnoving into the devices forned on the
front surface side of the wafer. As a result, generation
of defects (current |eakage or the like) in the devices
due to the netallic elenents inside the wafer is
restrai ned. When the crushed | ayer is renoved for
enhancing the die strength of the wafer, however, the
gettering effect also is lost. In viewof this, there has

been proposed a nethod in which mnute ruggedness or



cracks (strain) finer than those of the crushed |ayer are
formed on the back surface of the wafer, after renoval of
the crushed | ayer, and the netallic el enents are captured
in the region formed wth this strain (strain layer). By
this, a gettering effect on the netallic el enents can be
obtai ned without largely lowering the die strength of the
waf er. Japanese Patent Lai d-open No. 2010-177430

di scl oses a technique in which after a crushed | ayer
formed by grinding the back surface of a wafer is renoved
by a plasna etching treatnent, a plasnmatized inert gas is
applied to the back surface of the wafer to forma strain

| ayer (gettering |ayer).

SUVMARY OF THE | NVENTI ON

Patterns including a netal |ayer that are not
constituent elenents of devices, such as a test el enent
group (TEG for device evaluation and columar netallic
patterns (pillars) for supporting on the streets an
insulating filmor the like forned at the tine of
manuf acturing the devices, are often forned on the
streets partitioning the devices fornmed on a wafer. Since
the patterns (dummy patterns) do not relate to operations
of the device chips obtained by dividing the wafer, they

are cut and renoved together with the wafer at the tine
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of cutting the wafer by a cutting blade. However, when
the dumy patterns including the netal |ayer are cut by
the cutting blade, the cutting blade and the netal |ayer
contact each other, and protrusions (burs) of the netal
are generated. Wen the plasm processing for the
formati on of the aforenentioned strain |ayer or the Iike
Is applied to the wafer fornmed with the burs, electric
di scharge may be generated in the region fornmed with the
burs, possibly |eading to breakage of the devices.

The present invention has been made in
consi deration of the above-nentioned problens. It is
therefore an object of the present invention to provide a
waf er processi ng net hod by which generation of electric
di scharge at the tine of plasma processing of a wafer can
be restrai ned and breakage of devices can be prevent ed.

In accordance wth an aspect of the present
invention, there is provided a nethod for processing a
wafer in which devices are forned respectively in regions
on a front surface side partitioned by a plurality of
streets and in which patterns including a netal |ayer are
formed on the streets, the nethod including: a | aser
processi ng step of applying a | aser beam of such a
wavel ength as to be absorbed in the wafer along the

streets formed with the patterns, to formlaser processed
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grooves having a depth in excess of a finished thickness
of the wafer while renoving the patterns; a protective
menber adhering step of adhering a protective nenber to
the front surface side of the wafer formed with the | aser
processed grooves; a grinding step of holding the wafer
by a chuck table through the protective nenber, grinding
a back surface side of the wafer to thin the wafer to the
finished thickness, and to expose the | aser processed
grooves to the back surface of the wafer, thereby
dividing the wafer into a plurality of device chips;

a crushed |l ayer renoving step of renoving a crushed
| ayer fornmed on the back surface side of the wafer by the
grinding of the wafer; and a strain |ayer form ng step of
formng a strain |ayer on the back surface side of the
waf er deprived of the crushed | ayer, by plasm processing
using an inert gas.

Note that, preferably, in the crushed | ayer
renmovi ng step, the crushed | ayer is renoved by polishing
with a polishing pad. Besides, preferably, in the crushed
| ayer renoving step, the crushed | ayer is renoved by
pl asma et ching using a hal ogen-containing gas. In
addition, preferably, the method for processing the wafer
further includes a protective filmformng step of

formng a water-soluble protective filmon the front
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surface side of the wafer before the |aser processing
step, and a protective filmrenoving step of renoving the
protective filmfromthe front surface side of the wafer
after the | aser processing step.

In the nmethod for processing the wafer according to
the descri bed aspect of the present invention, |aser
processed grooves having a depth in excess of the
finished thickness of the wafer are forned while renoving
the patterns including a netal |layer that are formed on
the streets of the wafer, by application of the |aser
beam By this, the wafer can be processed w thout using a
cutting bl ade, and generation of nmetal burs is restrained.
Therefore, at the time of applying plasm processing to
the wafer to formthe strain |ayer on the back surface of
the wafer, generation of electric discharge is restrained,
and damagi ng of the devices is prevented.

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 follow 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 1 is a plan view depicting a configuration
exanpl e of a wafer;

FIG 2 is a perspective view of the wafer in the
state of being supported by an annul ar frane;

FIG 3 is a partly sectional side view depicting
the manner in which a protective filmis fornmed on the
waf er ;

FIG 4A is a partly sectional side view depicting
the manner in which a |aser beamis applied to the wafer;

FIG 4B is an enlarged plan view of a street forned
with patterns including a netal |ayer;

FIG 4C is an enlarged plan view of the street from
whi ch the patterns including the netal |ayer have been
renoved and in which a | aser processed groove has been
f or med,

FIG 5 is a partly sectional side view depicting
the manner in which the protective filmfornmed on the
wafer is renoved,

FIG 6A is a perspective view depicting the nanner
in which a protective nenber is adhered to the wafer;

FIG 6B is a perspective view of the wafer to which
the protective nenber has been adhered,

FIG 7 is a side view depicting the manner in which



t he back surface side of the wafer is ground;

FIG 8 is a side view depicting the manner in which
the back surface side of the wafer is polished;

FIG 9 is a sectional schematic view depicting a
configuration exanple of a plasna treatnent apparatus;
and

FIG 10 is an enlarged sectional view of the wafer

in the state of having been forned with a strain |ayer.

DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBCDI MENT

An enbodi nent of the present invention will be
descri bed below, referring to the attached drawings. In
the first place, an exanple of a wafer to be processed by
a method for processing a wafer according to the present
enbodi nrent will be described. FIG 1 is a plan view
depicting a configuration exanple of a wafer 11.

The wafer 11 is fornmed in a disk shape fromsuch a
material as silicon, and is partitioned into a plurality
of regions by a plurality of streets (division |lines) 13
arranged in a grid pattern. In addition, a device 15
including an 1C or the like is fornmed in each of the
regions partitioned by the streets 13 on the front
surface side of the wafer 11. Note that while the disk-

shaped wafer 11 fornmed fromsuch a material as silicon is



used in the present enbodi nent, the material, shape,
structure, size, and the like of the wafer 11 are not
limted. For exanple, a wafer 11 forned from such a
material as other sem conductor than silicon, a ceramc,

a resin, or a netal may also be used. Simlarly, the kind,
nunber, shape, structure, size, layout, and the Iike of
the devices 15 are not |limted.

In addition, at least part of the streets 13 are
formed wth patterns 17 including a netal layer. The
patterns 17 are patterns (dummy patterns) including a
nmetal |ayer not being a constituent el enment of the
devi ces 15, and are conposed, for exanple, of TEG for
devi ce eval uation, or columar netal patterns (pillars)
for supporting an insulating filmformed at the tine of
devi ce production or the like on the streets 13. Note
that an exanple in which the patterns 17 are di sposed on
part of the streets 13 is depicted in FIG 1, the
patterns 17 may be di sposed on all the streets 13.

By dividing the wafer 11 along the streets 13, a
plurality of device chips respectively including the
devices 15 are obtained. In the present enbodi nent,
description will be nade of an exanple in which grooves
having a depth of |ess than the thickness of the wafer 11

are first formed (half cut) on the front surface side of



the wafer 11, and thereafter the back surface side of the
wafer 11 is ground by a grindstone, to thereby divide the
wafer 11 into a plurality of device chips.

At the tinme of form ng the grooves on the front
surface side of the wafer 11, for exanple, a cutting
appar atus equi pped with an annular cutting bl ade can be
used. In the case of using the cutting apparatus, the
cutting blade is rotated and nade to cut into the wafer
11, thereby to formthe grooves in the wafer 11. It is to
be noted, however, that since at |east part of the
streets 13 are formed with the patterns 17 including the
netal |ayer, formation of the grooves along the streets
13 by this nethod results in that the patterns 17 are cut
by the cutting blade. The patterns 17 include the netal
| ayer, so that when the netal layer is cut by the cutting
bl ade, the netal |ayer is extended by the cutting bl ade,
to generate netal protrusions (burs). Were the burs are
left on the wafer 11, when plasna processing is conducted
in alater step (for exanple, a strain layer formng step
which will be described later), electric discharge may be
generated in the regions where the burs are forned,
possi bly | eading to breakage of the device 15.

In view of this, in the wafer processing nethod

according to the present enbodi nent, renoval of the
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patterns 17 and half-cutting of the wafer 11 are
perfornmed by application of a |aser beam As a result,
the wafer 11 can be hal f-cut without cutting the patterns
17 by a cutting blade, and, therefore, it is possible to
prevent generation of burs and to restrain generation of
el ectric discharge at the tinme of plasnma processing. The
waf er processi ng nethod according to the present

enbodi nrent will be specifically described bel ow.

First, in order to hold the wafer 11 on a | aser
processi ng apparatus, the wafer 11 is supported by an
annular frame. FIG 2 is a perspective view of the wafer
11 in the state of being supported by the annular frane
21. Note that the patterns 17 are omtted from
illustration in FIG 2. The annular franme 21 is adhered
al ong an outer periphery of a disk-shaped adhesive tape
19 fornmed froma resin or the like, and a back surface
11b side of the wafer 11 is adhered to the adhesive tape
19. As aresult, the wafer 11 is supported on the annul ar
frame 21 in the state in which its front surface 1l1la is
exposed to the upper side.

Next, a water-soluble protective filmis forned on
the front surface 1la side of the wafer 11 (protective
filmformng step). FIG 3 is a partly sectional side

vi ew depicting the manner in which the water-soluble
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protective film23 is fornmed on the front surface 1lla
side of the wafer 11. The protective film 23 can be
formed by use of a spin coater 2, for exanple. The spin
coater 2 includes a spinner table 4 that supports the
wafer 11, a plurality of clanps 6 that fix the annul ar
frame 21 supporting the wafer 11, and a nozzle 8a for
jetting a material for the protective film 23, which
includes a water-soluble resin or the |like, toward the
waf er 11.

First, the wafer 11 is disposed on the spinner
table 4, and the annular franme 21 is fixed by the clanps
6. Part of an upper surface of the spinner table 4
constitutes a hol ding surface 4a for suction holding the
wafer 11 through the adhesive tape 19. The hol di ng
surface 4a is connected to a suction source (not
illustrated) through a suction passage (not illustrated)
or the like formed inside the spinner table 4. A negative
pressure of the suction source is made to act on the
hol di ng surface 4a, whereby the wafer 11 is suction held
by the spinner table 4. Note that a chuck table for
hol ding the wafer 11 by a nechani cal nethod, an
el ectrical method, or the like nmay be used in place of
t he spinner table 4.

Then, while the spinner table 4 suction holding the

12



wafer 11 by the holding surface 4a is being rotated
around a rotational axis substantially parallel to the
vertical direction, a water-soluble resin such as
pol yvi nyl al cohol (PVA) or polyethylene glycol (PEGQ is
jetted fromthe nozzl e 8a di sposed on the upper side of
the spinner table 4. As a result, the water-soluble resin
adhering to the wafer 11 flows to an outer periphera
portion of the wafer 11 under a centrifugal force,
whereby the water-soluble protective film23 is fornmed on
the front surface 1la side of the wafer 11. The
protective film23 is fornmed for preventing fine
particles (debris) scattered froma processing region, at
the tine of application of a |laser beamto the front
surface 11la of the wafer 11 in a later step, from
adhering to the front surface 11la of the wafer 11. It is
to be noted, however, that the protective filmformng
step may not necessarily be carried out, and the
protective filmformng step nmay be omtted, for exanple,
in the case where the application of the |aser beamis
conduct ed under such processing conditions that debris is
hardly generated, or in the case where adhesion of debris
is not liable to beconme a problem

Subsequently, a | aser beam of such a wavel ength as

to be absorbed in the wafer 11 is applied along the
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streets 13 forned with the patterns 17, to form |l aser
processed grooves having a depth in excess of a finished
t hi ckness of the wafer 11 while renoving the patterns 17
(l aser processing step). The application of the |aser
beamto the wafer 11 is performed using a | aser
processi ng apparatus. FIG 4A is a partly sectional side
vi ew depicting the manner in which the | aser beamis
applied to the wafer 11.

The | aser processing apparatus 10 includes a chuck
table 12 that suction holds the wafer 11, a |aser
applying unit 14 that applies the | aser beam of such a
wavel ength as to be absorbed in the wafer 11, and a
plurality of clanps 16 that fix the annular franme 21
supporting the wafer 11.

First, the wafer 11 is disposed on the chuck table
12, and the annular frame 21 is fixed by the clanps 16.
Part of an upper surface of the chuck table 12
constitutes a holding surface 12a that suction holds the
wafer 11 through the adhesive tape 19. The hol di ng
surface 12a is connected to a suction source (not
illustrated) through a suction passage (not illustrated)
or the like forned inside the chuck table 12. Note that a
chuck table for holding the wafer 11 by a nechani ca

met hod, an electrical nethod, or the like nmay be used in

14



pl ace of the chuck table 12. In a state in which the
wafer 11 is disposed on the holding surface 12a of the
chuck table 12 through the adhesive tape 19, a negative
pressure of the suction source is made to act on the
hol di ng surface 12a, whereby the wafer 11 is suction held
by the chuck table 12. Then, the chuck table 12 with the
waf er 11 held thereon is noved to a position beneath the
| aser applying unit 14.

Next, the laser beamis applied fromthe | aser
applying unit 14 to the wafer 11. The | aser applying unit
14 has a function of applying a pul sed | aser beam of such
a wavel ength as to be absorbed in the wafer 11. Note that
in the case where the protective film23 is fornmed on the
front surface 1la side of the wafer 11, the |aser beamis
applied to the wafer 11 through the protective film 23.
VWil e applying the | aser beamfromthe | aser applying
unit 14 to the wafer 11, the chuck table 12 is noved
al ong the longitudinal direction of the street 13
(direction indicated by an arrow Ain FIG 4A) such that
the | aser beamis applied along the street 13. By this,
the wafer 11 is subjected to ablation processing, and a
rectilinear |aser processed groove 1llc is fornmed al ong
the street 13 on the front surface 1la side of the wafer

11.
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In addition, when the |aser beamis applied to the
street 13 fornmed with the pattern 17, the patterns 17 are
renoved by the application of the |laser beam FIG 4B is
an enlarged plan view of the street 13 formed with the
patterns 17. FIG 4B depicts an exanple in which TEG 25
for device evaluation and pillars 27 as col umar netal
patterns for supporting on the street an insulating film
or the like formed at the tinme of production of devices
15 are fornmed as the patterns 17. Note that in FIG 4B
the regions where the TEG 25 and the pillars 27 are
formed are hatched.

When the | aser beamis applied along the street 13,
the | aser beamis applied also to the TEG 25 and the
pillars 27, whereby the TEG 25 and the pillars 27 are
renoved. FIG 4C is an enlarged plan view of the street
13 fromwhich the TEG 25 and the pillar 27 have been
renoved and in which the | aser processed groove 1llc has
been formed. In FIG 4C, the region where the |aser
processed groove 1lc is forned is hatched. Note that the
patterns 17 are used mainly in the production process of
the devices 15, and do not relate to operations of the
devi ce chips obtained by dividing the wafer 11, so that
renoval of the patterns 17 does not affect the function

of the device chips.
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The | aser beamis applied nmultiple tinmes to the
sanme street 13 until a | aser processed groove 1lc having
a depth in excess of the finished thickness of the wafer
11 is forned. Note that the finished thickness of the
wafer 11 corresponds to the thickness of device chips
when the wafer 11 is processed finally into the device
chi ps. Laser beam application conditions (the power, spot
di aneter, and repetition frequency of the | aser beam
etc.) are set in such a manner that the | aser processed
grooves 11c can be fornmed in the wafer 11 and the
patterns 17 can be renoved. Note that the | aser beam
application conditions may be changed for the tinme of
renoving the patterns 17 and for the time of formng the
| aser processed grooves 1llc in the wafer 11. |In addition,
it s unnecessary to conpletely renove the patterns 17 by
the application of the Iaser beam FIG 4C depicts an
exanple in which part of the pillars 27 are left on the
streets 13. In this |laser processing step, the patterns
17 including a netal |ayer are renpbved, not by use of a
cutting blade but by use of the laser applying unit 14.
Therefore, generation of burs can be prevented from
occurring in the process of renoving the patterns 17, and
generation of electric discharge during plasnma processing

in a later step can be restrained.
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Subsequently, the protective film23 is renoved
fromthe front surface 1la side of the wafer 11
(protective filmrenoving step). FIG 5 is a partly
sectional side view depicting the manner in which the
wat er - sol ubl e protective film23 forned on the front
surface 1la side of the wafer 11 is renoved.

First, like in the protective filmformng step,
the wafer 11 is suction held by the spinner table 4. Then,
while the spinner table 4 with the wafer 11 suction held
by the hol ding surface 4a thereof is being rotated around
a rotational axis substantially parallel to the vertica
direction, pure water is jetted froma nozzle 8b | ocated
on the upper side of the spinner table 4. By this, the
wat er - sol ubl e protective film23 forned on the front
surface 1la side of the wafer 11 is renpoved together with
debris deposited on the wafer 11. Thus, since the
protective film23 is fornmed using a water-soluble resin
(protective filmformng step), it can be washed away
with pure water. Therefore, the protective film 23 can be
renoved extrenely easily. Note that the renoval of the
protective film23 may be conducted by jetting to the
wafer 11 a mxed fluid of pure water with a gas (air,
etc.). Note that in the case where the protective film

formng step is not perforned and no protective filmis
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formed on the front surface 1l1la of the wafer 11, it is
unnecessary to performthe protective filmrenoving step.

Subsequently, a protective nenber is adhered to the
front surface 1lla side of the wafer 11 (protective nenber
adhering step). FIG 6A is a perspective view depicting
the manner in which the protective nenber 29 is adhered
to the wafer 11. As illustrated in FIG 6A, the
protective nenber 29, disk-like in shape, is adhered to
the front surface 1lla side of the wafer 11 such as to
cover the devices 15. As the protective nmenber 29, there
can be used, for exanple, a tape forned froma flexible
resin or the like. FIG 6B is a perspective view
depicting the wafer 11 to which the protective nenber 29
has been adhered. By the protective nenber 29, the
devices 15 fornmed on the front surface 1la side of the
wafer 11 are protected in |ater steps (a grinding step, a
crushed | ayer renoving step, and a strain |ayer formng
step). Note that FIG 6B denotes a state in which the
wafer 11 has been peeled fromthe adhesive tape 19 and
been detached fromthe annular franme 21.

Next, the back surface 11b side of the wafer 11 is
ground to thin the wafer 11 to the finished thickness and
to expose the | aser processed grooves 1lc to the back

surface 11b, thereby dividing the wafer 11 into a
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plurality of device chips (grinding step). FIG 7 is a
side view depicting the manner in which the back surface
11b side of the wafer 11 is ground.

The grinding of the wafer 11 is conducted, for
exanple, by using a grinding apparatus 30 depicted in FIG
7. The grinding apparatus 30 includes a chuck table 32
for suction holding the wafer 11. The chuck table 32 is
connected to a rotational drive source (not illustrated)
such as a notor, and is rotated around a rotational axis
substantially parallel to the vertical direction. 1In
addition, a noving nmechanism (not illustrated) is
provi ded under the chuck table 32, and the noving
mechani sm has a function of noving the chuck table 32 in
a horizontal direction.

An upper surface of the chuck table 32 constitutes
a hol ding surface 32a for suction holding the wafer 11.
The hol ding surface 32a is connected to a suction source
(not illustrated) through a suction passage (not
illustrated) or the like formed inside the chuck table 32.
In the state in which the wafer 11 is disposed on the
hol di ng surface 32a through the protective nenber 29, a
negati ve pressure of the suction source is made to act on
the hol ding surface 32a, whereby the wafer 11 is suction

hel d by the chuck table 32. Note that a chuck table for
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hol ding the wafer 11 by a nechani cal nethod, an
el ectrical nethod, or the like nmay be used in place of
t he chuck table 32.

A grinding unit 34 is disposed on the upper side of
the chuck table 32. The grinding unit 34 includes a
spi ndl e housing (not illustrated) supported by a lift
nmechani sm (not illustrated). A spindle 36 is accommbdat ed
in the spindle housing, and a di sk-shaped nount 38 is
fixed to a lower end portion of the spindle 36.

A grinding wheel 40 substantially equal in dianeter
to the mount 38 is nounted to a | ower surface of the
mount 38. The grindi ng wheel 40 includes a wheel base 42
formed froma netallic material such as stainless stee
or alumnum A plurality of grindstones 44 are arranged
on a | ower surface of the wheel base 42. A rotationa
drive source (not illustrated) such as a notor is
connected to the upper end side (base end side) of the
spindle 36, and the grinding wheel 40 is rotated around a
rotational axis substantially parallel to the vertica
direction by a force generated fromthe rotational drive
source. In the inside or the vicinity of the grinding
unit 34, there is provided a nozzle (not illustrated) for
supplying a grinding |iquid such as pure water to the

wafer 11 and the |ike.
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At the tinme of grinding the wafer 11, first, in a
state in which the wafer 11 is di sposed on the hol ding
surface 32a through the protective nenber 29, a negative
pressure of the suction source is made to act on the
hol di ng surface 32a. As a result, the wafer 11 is suction
hel d by the chuck table 32 in the state in which the back
surface 11b side thereof is exposed to the upper side.

Subsequently, the chuck table 32 is noved to a
position beneath the grinding unit 34. Then, while
rotating the chuck table 32 and the grindi ng wheel 40
respectively and while supplying the grinding liquid to
the back surface 11b side of the wafer 11, the spindle 36
is lowered. Note that the position and the | owering speed
of the spindle 36 are adjusted in such a manner t hat
| ower surfaces of the grindstones 44 are pressed agai nst
t he back surface 11b side of the wafer 11 with an
appropriate force. By this, the back surface 11b side is
ground, and the wafer 11 is thinned. Wen the wafer 11 is
thi nned and the | aser processed grooves 1llc are exposed
to the back surface 11b of the wafer 11, the wafer 11 is
divided into the plurality of device chips each of which
i ncl udes the device 15. Then, when the wafer 11 is
thinned to the finished thickness, the grinding is

conpl eted. Note that the wafer 11 is ground by use of one
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set of grinding unit in the present enbodi nent, the wafer
11 may be ground by use of two or nore sets of grinding
units. In that case, for exanple, rough grinding is
conduct ed using grindstones containi ng abrasive grains

| arger in dianeter, and finish grinding is perforned
usi ng gri ndstones containing abrasive grains snmaller in
di aneter, whereby flatness of the back surface 11b can be
enhanced without largely prolonging the tine required for
gri ndi ng.

Wien the back surface 11b side of the wafer 11 is
ground by the grindstones, mnute ruggedness (m nute
projections and recesses) or cracks are fornmed on the
back surface 11b side of the wafer 11. The presence of a
region (crushed | ayer) where the ruggedness or cracks are
formed leads to a lowering in the die strength of the
devi ce chi ps obtained by dividing the wafer 11. Therefore,
the crushed | ayer fornmed on the back surface 11b side of
the wafer 11 is renoved (crushed | ayer renoving step).
The crushed | ayer can be renoved, for exanple, by
pol i shing conducted using a polishing pad. FIG 8 is a
side view depicting the manner in which the back surface
11b side of the wafer 11 is polished by a polishing pad.

The polishing of the wafer 11 is perforned, for

exanpl e, by use of a polishing apparatus 46 depicted in
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FIG 8. The polishing apparatus 46 includes a chuck table
48 for suction holding the wafer 11. The chuck table 48
is connected to a rotational drive source (not
illustrated) such as a notor, and is rotated around a
rotational axis which is substantially parallel to the
vertical direction. In addition, a noving nechani sm (not
illustrated) is provided under the chuck table 48, and
t he novi ng nmechani sm has a function of noving the chuck
table 48 in a horizontal direction. An upper surface of
the chuck table 48 constitutes a hol ding surface 48a for
suction holding the wafer 11. The holding surface 48a is
connected to a suction source (not illustrated) through a
suction passage (not illustrated) or the |ike formnmed
I nside the chuck table 48. In the state in which the
wafer 11 is di sposed on the hol ding surface 48a through
the protective nenber 29, a negative pressure of the
suction source is made to act on the holding surface 48a,
whereby the wafer 11 is suction held by the chuck table
48. Note that a chuck table for holding the wafer 11 by a
mechani cal nethod, an electrical nethod, or the |like nmay
be used in place of the chuck table 48.

A polishing unit 50 is disposed on the upper side
of the chuck table 48. The polishing unit 50 includes a

spi ndl e housing (not illustrated) supported by a lift
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mechani sm (not illustrated). A spindle 52 is accommopdat ed
in the spindle housing, and a di sk-shaped nount 54 is
fixed to a lower end portion of the spindle 52. A
polishing pad 56 is nounted to a | ower surface of the
mount 54. The polishing pad 56 includes a polishing
fabric formed from nonwoven fabric, polyurethane foam or
the like. A rotational drive source (not illustrated)
including a notor or the like is connected to the upper
end side (base end side) of the spindle 52, and the
polishing pad 56 is rotated around a rotational axis
substantially parallel to the vertical direction by a
force generated by the rotational drive source. Note that
the polishing unit 50 may be formed therein with a supply
passage (not illustrated) for supplying a polishing
liquid to the wafer 11 held by the chuck table 48. For
exanple, a slurry containing abrasive grains dispersed in
a liquid r reactive to the wafer 11 can be supplied as the
polishing liquid to the wafer 11 through the supply
passage.

In the crushed | ayer renoving step, first, the
protective nmenber 29 is put in contact with the hol ding
surface 48a of the chuck table 48, and the negative
pressure of the suction source is made to act there. As a

result, the wafer 11 is suction held by the chuck table
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48 in the state in which the back surface 11b side
thereof is exposed to the upper side. Note that the wafer
11 has been divided into the plurality of device chips 31
by the grinding step. Next, the chuck table 48 is noved
to a position beneath the polishing unit 50. Then, while
supplying the polishing liquid to the back surface 11b
side of the wafer 11, the chuck table 48 and the
polishing pad 56 are rotated respectively, and the
spindle 52 is lowered. Note that the | owering anmount of
the spindle 52 is adjusted to such an extent that a | ower
surface (polishing surface) of the polishing pad 56 is
pressed agai nst the back surface 11b side of the wafer 11.
In this way, the back surface 11b of the wafer 11 is
pol i shed, whereby the crushed |ayer fornmed on the back
surface 11b side of the wafer 11 by the grinding in the
grinding step is renoved. By the renoval of the crushed

| ayer, the die strength of the device chips 31 can be
enhanced.

Note that while wet polishing in which the
polishing liquid is supplied to the wafer 11 has been
descri ed above, dry polishing in which the polishing
liquid is not used may al so be used for polishing the
wafer 11. In addition, the nethod for renoving the

crushed layer is not limted to the polishing by the
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pol i shing pad 56. For exanple, plasma etching using a
hal ogen gas nay be used to renove the crushed |ayer. The
details of the plasma etching will be described |ater.

Next, using plasma etching using an inert gas,
strain including mnute ruggedness (m nute projections
and recesses) or cracks is fornmed on the back surface 11b
side of the wafer 11 (strain layer formng step). For the
strain formation, a plasma treatnent apparatus can be
used. FIG 9 is a sectional schematic view denoting a
configuration exanple of a plasna treatnent apparatus 60
whi ch can be used for form ng the strain.

The plasma treatnent apparatus 60 includes a vacuum
chanber 64 form ng a treatnent space 62. The vacuum
chanmber 64 is fornmed in a rectangul ar parall el epi ped
shape including a bottomwall 64a, an upper wall 64b, a
first side wall 64c, a second side wall 64d, a third side
wal | 64e, and a fourth side wall (not illustrated), with
the second side wall 64d being provided with an opening
66 for carrying the wafer 11 in and out. On the outside
of the opening 66 is provided a gate 68 for closing and
openi ng the opening 66. The gate 68 is noved upward and
downward by an openi ng/cl osi ng nechani sm 70. The
openi ng/ cl osi ng nechani sm 70 i ncludes an air cylinder 72

and a piston rod 74. The air cylinder 72 is fixed to the
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bottomwal | 64a of the vacuum chanber 64 through a
bracket 76, and a tip of the piston rod 74 is connected
to a lower portion of the gate 68. Wth the gate 68
opened by the opening/closing mechanism 70, the wafer 11
can be carried into the treatnent space 62 of the vacuum
chanber 64 through the opening 66, or the wafer 11 can be
carried out of the treatnent space 62 of the vacuum
chanber 64. An exhaust port 78 is forned in the bottom
wal | 64a of the vacuum chanber 64. The exhaust port 78 is
connected to an exhaust mechani sm 80 such as a vacuum
punp.

A | ower electrode 82 and an upper electrode 84 are
di sposed opposite to each other, in the treatnent space
62 of the vacuum chanber 64. The |ower electrode 82 is
formed froma conductive material, and includes a disk-
shaped hol di ng section 86 and a cylindrical support
section 88 projecting downmward fromthe center of a | ower
surface of the holding section 86. The support section 88
Is inserted in an opening 90 formed in the bottom wal
64a of the vacuum chanber 64. In the opening 90, an
annul ar insul ati ng nenber 92 is di sposed between the
bottomwal | 64a and the support section 88, whereby the
vacuum chanmber 64 and the | ower el ectrode 82 are

i nsul ated fromeach other. The |ower electrode 82 is
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connected to a high-frequency power supply 94 in the
exterior of the vacuum chanber 64.

An upper surface of the holding section 86 is
formed with a recess, and a table 96 on which to pl ace
the wafer 11 is provided in the recess. The table 96 is
formed therein with a suction passage (not illustrated),
which is connected to a suction source 100 through a fl ow
path 98 fornmed inside the |ower electrode 82. |In addition,
the hol ding section 86 is formed therein with a cooling
flow path 102. One end of the cooling flow path 102 is
connected to a coolant circulation mechani sm 106 t hrough
a cool ant introduction passage 104 forned in the support
section 88, whereas the other end of the cooling flow
path 102 is connected to a coolant circul ati on nmechani sm
106 through a cool ant di scharge passage 108 fornmed in the
support section 88. Wen the coolant circul ation
mechani sm 106 i s operated, a coolant flows through the
cool ant introduction passage 104, the coolant flow path
102, and the cool ant di scharge passage 108 in this order,
to cool the | ower electrode 82.

The upper electrode 84 is forned froma conductive
material, and includes a disk-shaped gas jetting section
110 and a cylindrical support section 112 projecting

upward fromthe center of an upper surface of the gas
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jetting section 110. The support section 112 is inserted
in an opening 114 fornmed in the upper wall 64b of the
vacuum chanber 64. |In the opening 114, an annul ar
i nsul ating nmenber 116 is di sposed between the upper wal
64b and the support section 112, whereby the vacuum
chanber 64 and the upper electrode 84 are insulated from
each other. The upper electrode 84 is connected to a
hi gh-frequency power supply 118 in the exterior of the
vacuum chanber 64. |In addition, a support arm 122
connected to a lift nmechanism 120 is attached to an upper
end portion of the support section 112, and the upper
el ectrode 84 is noved upward and downward by the [ift
mechani sm 120 and the support arm 122. A |ower surface of
the gas jetting section 110 is provided with a plurality
of jet ports 124. The jet ports 124 are connected to a
first gas supply source 130 and a second gas supply
source 132 through a flow path 126 forned in the gas
jetting section 110 and a flow path 128 fornmed in the
support section 112. The first gas supply source 130, the
second gas supply source 132, the flow paths 126 and 128,
and the jet ports 124 constitute a gas introduction
section for introducing gases into the vacuum chanber 64.
The openi ng/ cl osi ng mechani sm 70, the exhaust

mechani sm 80, the hi gh-frequency power supply 94, the
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suction source 100, the coolant circul ation nmechani sm 106,
t he hi gh-frequency power supply 118, the Iift nmechani sm
120, the first gas supply source 130, the second gas
supply source 132, and the like are connected to a
control device 134. Information on the pressure inside
the treatnment space 62 is inputted fromthe exhaust
mechani sm 80 to the control device 134. |In addition,
i nformati on on the tenperature of the coolant (or
i nformati on on the tenperature of the |lower el ectrode 82)
is inputted fromthe coolant circulati on mechanism 106 to
the control device 134. Further, information on the flow
rates of gasses is inputted fromthe first gas supply
source 130 and the second gas supply source 132 to the
control device 134. Based on these pieces of information
and other information inputted fromthe user and the liKke,
the control device 134 outputs control signals for
controlling the aforenenti oned conponents of the plasm
treat nent apparatus 60.

In the strain layer formng step, first, the gate
68 of the plasna treatnment apparatus 60 is |owered by the
openi ng/ cl osi ng nechani sm 70. Next, the wafer 11 is
carried via the opening 66 into the treatnent space 62 of
t he vacuum chanber 64, and is placed on the table 96 of

the lower electrode 82, with its back surface 11b si de
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exposed to the upper side. Note that at the tinme of
carrying the wafer 11 in, it is preferable to
prelimnarily raise the upper electrode 84 by the lift
mechani sm 120 to enl arge the spaci ng between the | ower

el ectrode 82 and the upper electrode 84. Thereafter, a
negati ve pressure of the suction source 100 is made to
act, thereby fixing the wafer 11 on the table 96. Besides,
the gate 68 is raised by the opening/closing nechani sm 70,
to hernetically close the treatnent space 62. Further,

t he hei ght position of the upper electrode 84 is adjusted
by the lift mechanism 120 in such a manner that the upper
el ectrode 84 and the |lower electrode 82 are put into a
predet erm ned positional relation suitable for plasm
processing. In addition, the exhaust nechanism80 is
operated to establish a vacuum (|l ow pressure) in the
treatnent space 62. Note that in the case where it is
difficult to hold the wafer 11 by the negative pressure
of the suction source 100 after reducing the pressure

i nside the treatnent space 62, the wafer 11 is held on
the table 96 by an electrical force (typically, an

el ectrostatic force) or the |like. For exanple, by
enbeddi ng el ectrodes inside the table 96 and suppl yi ng
the electrodes with electric power, an electrical force

can be nade to act between the table 96 and the wafer 11.
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In this state, while a gas for plasm processing is
supplied at a predetermned flow rate, predetermnm ned
hi gh-frequency el ectric power is supplied to the | ower
el ectrode 82 and the upper electrode 84. In the strain
| ayer formng step according to the present enbodi nent,
whil e a predeterm ned pressure (for exanple, a pressure
of 5to 50 Pa) is maintained in the treatnent space 62,
predet erm ned hi gh-frequency electric power (for exanple,
1,000 to 3,000 W is supplied to the | ower el ectrode 82
and the upper el ectrode 84 while supplying an inert gas
such as a rare gas at a predeternined flow rate fromthe
first gas supply source 130. As a result, a plasma is
gener ated between the | ower el ectrode 82 and the upper
el ectrode 84, ions generated fromthe plasmati zed inert
gas are attracted to the |ower electrode 82 side, and are
applied to the back surface 11b of the wafer 11. Then,
the back surface 11b of the wafer 11 is sputtered,
wher eby m nute ruggedness (mnute projections and
recesses) or cracks (strain) are forned in the back
surface 11b. The region fornmed with the strain (strain
| ayer) functions as a gettering |layer for capturing
nmetallic elements contained in the inside of the wafer 11.

FIG 10 is an enlarged sectional view of the wafer

11 in the state of having been fornmed with a strain |ayer

33



33. The wafer 11 having been divided into the plurality
of device chips 31 through the grinding step is disposed
on the table 96 through the protective nenber 29, and the
back surface 11b side of the wafer 11 is exposed toward
the upper electrode 84 (see FIG 9). Wen the plasm
processing using the inert gas is applied to the wafer 11,
the strain layer 33 is forned on the back surface 11b
side of the wafer 11. In the strain layer form ng step,
the patterns 17 are renoved not by cutting conducted
using a cutting blade but by ablation processing by
application of a |laser beam (see FIG 4A), and the plasna
processing is applied to the wafer 11 in which generation
of burs has been restrained. Therefore, generation of

el ectric discharge at the tinme of the plasma processing
is restrai ned, and breakage of the devices 15 is
prevented. By the formation of the strain |ayer 33, a
gettering effect is obtained by which netallic el enents
contained in the inside of the wafer 11 are captured to

t he back surface 11b side of the wafer 11. Note that the
strain layer 33 forned by the plasna processi ng has an
extrenely small thickness (for exanple, 1/10 tines or

bel ow) as conpared to the crushed |ayer fornmed by the
grinding step. Therefore, the formation of the strain

| ayer 33 would not lead to a large lowering in the die
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strength of the wafer 11.

As has been descri bed above, in the wafer
processi ng net hod according to the present enbodi nent,
| aser processed grooves 1llc having a depth in excess of
the finished thickness of the wafer 11 are fornmed while
renoving the patterns 17 including a netal |ayer that are
formed on the streets 13 of the wafer 11, by application
of the |aser beam By this, the wafer 11 can be processed
wi t hout using a cutting blade, and generation of netal
burs is restrained. Therefore, at the time of applying
pl asma processing to the wafer 11 to formthe strain
| ayer 33 on the back surface 11b of the wafer 11,
damagi ng of the devices due to electric discharge to the
burs is prevented.

Note that while the crushed | ayer renoving step of
renmovi ng the crushed |ayer by polishing with the
pol i shing pad 56 has been described in the present
enbodi nent (see FIG 8), the crushed | ayer can al so be
renoved by plasnma etching using the plasm treatnent
apparatus 60 denoted in FIG 9 in the crushed | ayer
renmoving step. In the case of renoving the crushed | ayer
by the plasna etching, the wafer 11 havi ng been divi ded
into the plurality of device chips 31 is disposed on the

table 96 of the plasma treatnent apparatus 60 through the
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protective nenber 29, like in FIG 10. In this state,

hi gh-frequency el ectric power is supplied to the | ower

el ectrode 82 and the upper el ectrode 84 while supplying a
gas for etching. Specifically, the inside of the
treatnment space 62 is maintained at a predeterm ned
pressure (for exanple, 50 to 300 Pa), and predeterm ned
hi gh-frequency electric power (for exanple, 1,000 to
3,000 W is supplied to the |lower electrode 82 and the
upper el ectrode 84 while supplying a hal ogen-contai ning
gas such as SF6 fromthe second gas supply source 132 at
a predetermned flowrate. Note that the di stance between
the |l ower el ectrode 82 and the upper electrode 84 is set

| arger than that at the tinme of performng the strain

| ayer formng step. By this, the voltage to be inpressed
on the wafer 11 is lowered as conpared to that at the
time of performng the strain |ayer form ng step.

By the above-nentioned step, a plasma is generated
between the | ower electrode 82 and the upper el ectrode 84,
and an active substance generated by the plasma acts on
the back surface 11b of the wafer 11, whereby the back
surface 11b of the wafer 11 is etched. In this way, the
crushed |l ayer formed on the back surface 11b of the wafer
11 is renoved. This plasma etching also is applied to the

wafer 11 which has been subjected to the | aser processing

36



step and i n which generation of burs has been restrained.
Therefore, in the crushed | ayer renoving step, also,

el ectric discharge can be restrained, and damagi ng of the
devices 15 is prevented.

O her than the foregoing, the structures, nethods,
and the |like according to the present enbodi nent can be
nodi fied, as required, in carrying out the present
i nvention, within the scope of the object of the
I nventi on.

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 cl ains 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.
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VWHAT IS CLAIMED | S

1. A nethod for processing a wafer in which
devices are fornmed respectively in regions on a front
surface side partitioned by a plurality of streets and in
whi ch patterns including a netal |ayer are forned on the
streets, the nmethod conpri sing:

a | aser processing step of applying a | aser beam of
such a wavel ength as to be absorbed in the wafer al ong
the streets forned with the patterns, to forml aser
processed grooves having a depth in excess of a finished
t hi ckness of the wafer while renoving the patterns;

a protective nenber adhering step of adhering a
protective nenber to the front surface side of the wafer
formed with the | aser processed grooves;

a grinding step of holding the wafer by a chuck
tabl e through the protective nmenber, grinding a back
surface side of the wafer to thin the wafer to the
finished thickness, and to expose the | aser processed
grooves to the back surface of the wafer, thereby
dividing the wafer into a plurality of device chips;

a crushed | ayer renoving step of renoving a crushed
| ayer fornmed on the back surface side of the wafer by the
gri nding of the wafer; and

a strain layer formng step of formng a strain
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| ayer on the back surface side of the wafer deprived of
the crushed | ayer, by plasna processing using an inert
gas.

2. The nmethod for processing a wafer according to
claiml1l, wherein in the crushed | ayer renoving step, the
crushed layer is renoved by polishing with a polishing
pad.

3. The method for processing a wafer according to
claiml1l, wherein in the crushed | ayer renoving step, the
crushed layer is renoved by plasm etching using a
hal ogen- cont ai ni ng gas.

4. The nethod for processing a wafer according to
claim1, further conprising:

a protective filmformng step of formng a water-
sol uble protective filmon the front surface side of the
waf er before the | aser processing step, and a protective
filmrenoving step of renoving the protective filmfrom
the front surface side of the wafer after the |aser

processi ng step.
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