WAFER PROCESSI NG METHOD

BACKGROUND COF THE | NVENTI ON

Field of the Invention

The present invention relates to a wafer di viding
method for diving, along plural streets (planned di viding
lines), a wafer on which these plural streets are f ormed
in a lattice manner on the front surface and device s are
formed in plural regions marked out by the plural s treets.

Description of the Related Art

In a semiconductor device manufacturing pro cessing,
plural regions are marked out by planned dividing | ines
that are arranged in a lattice manner on the front
surface of a semiconductor wafer having a substanti ally
circular disc shape and are called streets, and dev ices
such as integrated circuits (ICs) and large scale
integrations (LSIs) are formed in these marked-out
regions. Then, the wafer is cut along the streets to
divide the regions in which the devices are formed and
manufacture the individual device chips.

As a method for dividing along the streets of the
above-described wafer, a laser processing method is also
attempted in which a pulse laser beam having such a

wavelength as to be transmitted through the wafer i s used



and the wafer is irradiated with the pulse laser be
with the light focus point set inside the region al
which the dividing should be performed.

One example of the dividing method using th
processing method will be described more specifical
protective member is disposed on the wafer front su
on which devices are formed, and the wafer is irrad
with the laser beam having such a wavelength as to
transmitted through the wafer from the back surface
the wafer, with the light focus point positioned at
inside of the wafer corresponding to the planned di
line, to form modified layers along the planned div
lines. Thereafter, the side of the protective memb
disposed on the front surface of the wafer is held
holding unit and the back surface of the wafer is g
by a grinding unit to process the wafer to a target
finished thickness. By this processing, the modifi
layers are removed and the wafer is divided into th

individual device chips along the planned dividing

(for example, refer to Japanese Patent No. 3762409)

According to this dividing step, cracks are formed
the modified layers are formed. Thereafter, by car
out the grinding by the grinding unit, the wafer is

divided into the individual device chips, with thes
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cracks serving as the origin of the dividing. Thus
wafer can be efficiently divided without the need t

a measure such as additionally applying an external

SUMWARY OF THE | NVENTI ON

The above-described modified layers and cra
formed by making a condition under which multi-phot
absorption easily occurs by carrying out the irradi
with the light focus point of the pulse laser beam
inside the wafer substrate, and modifying the insid
the wafer substrate. The cracks are formed in the
of the above-described modified layer formation. D
the existence of these cracks at the time of the gr
the wafer is surely divided into the individual dev
chips in the grinding step of grinding the back sur
of the wafer substrate.

However, at the time of the grinding of the
surface, as described later, while a chuck table th
holds the wafer as the processing-target object rot
a grinding wheel included in the grinding unit rota
high speed in contact with this wafer and this grin

unit descends toward the processing-target object.

gives strong pressure and vibration to the wafer.

Furthermore, the following problem occurs if the gr
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step is continued for a long time until the thickne ss of

the wafer reaches the finished thickness after the wafer
is divided into the individual device chips in the middle
of the grinding step. Specifically, the divided de vice
chips receive the above-described pressure and vibr ation

and each vibrate, and the adjacent device chips get

contact with and collide with each other. Thus, ch ipping
occurs at the side parts and corner parts of the de vice
chips, which causes a large influence on the produc t
quality.

It is conceivable that the following counte rmeasure

is employed in order to cope with this problem.

Specifically, when a protective film as a protectiv e
member is disposed on the front surface of the wafe r on
which devices are formed in order to carry out grin ding
processing, this protective film is hardened to str ongly

fix device chips so that the device chips may be

prevented from vibrating after the respective devic es are
divided into the individual chips. However, this

protective film is required to have a function as a

certain level of buffering material so as to absorb the
vibration in the processing in order to protect the

devices on the front surface side when the front su rface

side of the wafer, on which the devices are formed, is
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held on a holding member such as a chuck table. Th us, it
is not preferable to preliminarily harden the prote ctive
film to such a state that each device chip after th e

dividing is strongly fixed.

Therefore, an object of the present inventi onisto
provide a wafer processing method that does not cau se the
lowering of the quality of device chips in the case in
which a grinding step is carried out to divide a wa fer

into the individual device chips after formation of
modified layers and cracks by a pulse laser beam.

In accordance with an aspect of the present

invention, there is provided a wafer processing met hod
for dividing a wafer on which a plurality of device s are
formed on a front surface and are marked out by pla nned
dividing lines into individual device chips. The w afer
processing method includes a protective member disp osing

step of disposing a protective member on the front

surface of the wafer and a modified layer forming s tep of
positioning a light focus point of a pulse laser be am
having such a wavelength as to be transmitted throu gh the
wafer on which the protective member is disposed at the
inside of the wafer along the planned dividing line s and
irradiating the wafer with the pulse laser beam wit h
predetermined power to form modified layers and cra cks



extending from the modified layers toward the front
surface and a back surface. The wafer processing m
further includes a back surface grinding step of, a
carrying out the modified layer forming step, holdi

side of the protective member on a chuck table and
grinding the back surface of the wafer by a grindin
wheel under a predetermined grinding condition to d

the wafer into the individual device chips and carr

out grinding until the modified layers are removed

the thickness of the wafer reaches a target finishe
thickness. The predetermined power of the pulse la
beam set in the modified layer forming step is set
power that forms the modified layers and the cracks
such a manner that the wafer is allowed to be divid
into the individual device chips before the thickne

the wafer reaches the target finished thickness and
after the wafer is divided into the individual devi
chips, the time until the thickness of the wafer re

the target finished thickness is such a time that d

due to rubbing of the individual device chips again
each other is not caused through grinding under the
predetermined grinding condition set in the back su
grinding step.

According to the wafer processing method of
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present invention, the power of the pulse laser bea

forms the modified layers and the cracks is set to
satisfy the following condition. Specifically, the

is prevented from being divided into the individual
device chips for a while in the progression of grin

after grinding processing is started in the back su
grinding step, and the timing of the dividing is
immediately before the thickness of the wafer reach
finished thickness. Furthermore, after the wafer i
divided into the individual device chips, the time

the thickness of the wafer reaches the finished thi

IS such a time that damage due to rubbing of the

individual device chips against each other is not ¢

The above and other objects, features and
advantages of the present invention and the manner
realizing them will become more apparent, and

invention itself will best be understood from a stu

the following description and appended claim with

reference to the attached drawings showing a prefer

embodiment of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG. 1A and FIG. 1B are schematic perspecti

showing a protective member disposing step;
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FIG. 2 is a schematic perspective view show ing the
execution state of a modified layer forming step;

FIG. 3A and FIG. 3B are sectional views sho wing
modified layers formed in the modified layer formin g step

shown in FIG. 2;

FIG. 4 is a perspective view showing a wafe r
holding step at the time of back surface grinding o fa
wafer;

FIG. 5 is a schematic perspective view show ing a

back surface grinding step;

FIG. 6 is a schematic perspective view show ing the
grinding processing completed state in the back sur face
grinding step; and

FIG. 7 is a schematic perspective view show ing a

step of separating a protective tape.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT

A preferred embodiment of a wafer processin g method
according to the present invention will be describe din
detail below with reference to the accompanying dra wings.

(Protective member disposing step)

In FIG. 1A and FIG. 1B, a step of forming a wafer
as a processing-target object (see FIG. 1B) by stic king a
silicon wafer 2 to be divided by the wafer processi ng



method according to the present invention and a

protective tape 3 composed of e.g. vinyl chloride a
protective member to protect devices 21 formed on a
surface 2a side of this silicon wafer 2 (see FIG. 1
shown. On the silicon wafer 2 shown in FIG. 1A, pl
regions are marked out by plural streets (planned
dividing lines) formed in a lattice manner on the f
surface 2a and the devices 21 such as ICs and LSIs
formed in these marked-out regions.
(Modified layer forming step)

After the protective tape 3 is disposed on
front surface 2a of the silicon wafer 2 as describe
above, the side of the protective tape 3 on the sil
wafer 2 is positioned and placed on a chuck table 3
laser processing in laser processing apparatus like
shown in FIG. 2. Then, the silicon wafer 2 is irra
with a laser beam having such a wavelength as to be
transmitted through this silicon wafer 2 from the s
a back surface 2b of the wafer 2, with the light fo
point positioned at the inside of the wafer 2
corresponding to the planned dividing line, and
processing feeding of the chuck table 31 is carried
in a direction indicated by an arrow X at a predete

processing feed speed to be described later to form
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modified layer.

After the above-described laser processing
finished over the entire length of this planned div
line, indexing feeding of a light collector 30 that
the laser beam is sequentially carried out in a dir
indicated by an arrow Y relatively, and the chuck t
31 is moved in the direction of the arrow X while t
wafer 2 is irradiated with the pulse laser beam. M
layers are thereby formed at the whole of the insid
the silicone wafer 2 corresponding to the planned
dividing lines that are arranged in the direction o
arrow Y and extend along a first direction on the s
wafer 2. Thereafter, the chuck table 31 is rotated
degrees and the same procedure is repeated regardin
planned dividing lines extending along a second dir
orthogonal to the first direction. Modified layers
cracks are thereby generated at the whole of the in
of the silicone wafer 2 corresponding to the planne
dividing lines arranged in the first direction and
second direction of the silicon wafer 2. In this
embodiment, three modified layers whose positions a
displaced in the height (depth) direction are forme
along one planned dividing line. Therefore, this m

layer forming step is repeated while the position o
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light focus point is displaced three times regardin g each
planned dividing line.

The modified layers formed in the above-des cribed
modified layer forming step will be further describ ed by

using FIG. 3A and FIG. 3B. FIG. 3A shows a partial

schematic diagram of a section obtained by cutting the
wafer 2 in which the modified layers are formed alo ng the
planned dividing line. The silicon wafer 2 is form ed with
a thickness of a = 700 um and the modified layers are

formed in a region obtained by excluding a region o fc=
30 um from the front surface 2a to a height indicated b y
a two-dot chain line, set as a target finished thic kness
in a back surface grinding step to be described lat er,
from a range b set to 180 um on the basis of the front

surface 2a, on which the devices 21 are formed. FI G. 3B
is a partial schematic diagram of a section along | ine A-
A obtained by cutting along the direction orthogona | to
modified layers 22 shown in FIG. 3A. The modified layers
22 are formed inside along a planned dividing line 24 and
cracks 23 are formed on the upper and lower sides o f

these modified layers 22.
(Back surface grinding step)
After the modified layers 22 are formed ins ide the

wafer 2 along all planned dividing lines 24 by the above-

11



described modified layer forming step, as shown in
the above-described silicon wafer 2 is placed on a
table 40 rotatably configured in grinding apparatus
such a manner that the side of the protective tape
this wafer 2 is set as the lower side, i.e. the sid
the back surface 2b is set as the upper surface sid
upper surface of this chuck table 40 is formed of a
adsorption chuck 41 composed of porous ceramic thro
which air can pass. Furthermore, suction is carrie
by a suction unit (not shown) and the silicon wafer
strongly held.

After the silicon wafer 2 is held on the ch
table 40, as shown in FIG. 5, while the chuck table
rotated in a direction shown by an arrow 40a at 300
for example, a grinding wheel 42 of a grinding unit
rotated in a direction of an arrow 42a at 3500 rpm
example. Furthermore, grinding is carried out by g
abrasives of the grinding wheel 42 while the grindi
wheel 42 is made to descend at a speed of 1.0

The silicon wafer 2 is thereby formed into the abov

described target finished thickness (30 um).

thickness of the silicon wafer 2 reaches the target
finished thickness, the modified layers 22 are all

removed and a silicon wafer 2’ that has become the
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in which the respective devices 21 are divided alon
cracks 23 formed by the modified layer forming step
obtained, so that the back surface grinding step en
(see FIG. 6).

Through the above, the processing step rela
the dividing of the silicon wafer 2 ends. The side
back surface 2b of the silicon wafer 2’ after the e
the wafer processing is stuck to a tape T held by a
F to integrate the silicon wafer 2’ and the tape T.
Thereafter, the protective tape 3 is separated as
appropriate (see FIG. 7) and the individual device
are picked up from the tape T.

The inventor of the present invention has m
thorough studies on the sizes of modified layers an
cracks generated as the result of the above-describ
modified layer forming step and the occurrence of d
in the individual device chips caused by the back s
grinding step carried out after the modified layer
forming step. As a result, the inventor has found
following fact. Specifically, if the individual de
are divided into chips at an early timing by the ba
surface grinding step, the grinding time after the
dividing is long and adjacent device chips collide

and rub against each other in the back surface grin
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step after the dividing, which causes damage relati ng to

the product quality. Furthermore, the inventor has

derived the following conclusion. Specifically, th e
timing when the wafer is divided into the respectiv e
device chips is affected by the sizes of the modifi ed

layers and the cracks formed in the modified layer

forming step and the sizes of the modified layers a nd the
cracks are dominated by the power of the pulse lase r beam
per one pulse. Details thereof will be described b elow.

The processing condition of the laser proce ssing
used in this modified layer forming step is as foll OWS.
Light source: LD-excited Q-switch Nd:YVO4 pulse las er

Wavelength: 1342 nm

Repetition frequency: 60 kHz

Spot of light focus point: 1.0 um

Processing feed speed: 500 mm/second

Processing-target object: silicon wafer

Thickness: 700 um

Range of formation of modified layers: 45 pm to 180 um
(range is based on the front surface 2a of the sili con

wafer 2 and three modified layers are formed)

As the grinding condition in the back surfa ce
grinding step, as described above, while the chuck table
40 was rotated in the direction shown by the arrow 40a at

14



300 rpm for example, the grinding wheel 42 of the

grinding unit 43 was rotated in the direction of th e
arrow 42a at 3500 rpm for example, and the grinding wheel
42 was made to descend at a speed of 1.0 um/second.

For execution of the above-described modifi ed layer
forming step and back surface grinding step, the re lation
between the development status of the modified laye rs 22
and the cracks 23 by the modified layer forming ste p and
the occurrence status of defects in the devices 21 due to
the back surface grinding step was examined with ch ange
in only the power of the pulse laser beam. The res ult of
the examination is shown below. As the conditions about

whether or not the devices 21 were favorable, the

following condition was deemed as the OK condition and
the other conditions were deemed as NG. Specifical ly, in
the state in which the thickness of the wafer 2 had

reached the target finished thickness by the grindi ng

step, the wafer 2 was completely divided into the

individual device chips and the side surface and co rner

part of each divided device chip were not chipped t 0 a

depth equal to or larger than 5 um.

[Average [Power] [Modified [Crack] [Whether or  not

output] layer] device chips are
favorable]

15



0.1W 0.16 0 0 NG (wafer could not

be divided)

0.2W 0.33 0 0 NG (wafer could not
be divided)

0.3wW 0.5 5 0 NG (wafer could not
be divided)

04 W 0.67 10 5 OK

0.5W 0.83 15 7 OK

0.6 W 1.0 20 9 OK

0.7W 1.17 30 20 NG (chipping was
found)

0.8W 1.33 35 30 NG (chipping was
found)

0.9WwW 15 40 35 NG (chipping was
found)

10W 1.67 45 40 NG (chippin g was
found)

* [Power] denotes the power of the pulse laser beam per

one pulse and the unit thereof is [10 > J/one pulse] and

the unit of the length of [Modified layer] and [Cra ck] is

[ um]. The length of [Modified layer] indicates the h eight

in the depth direction per one layer.

As described above, when the power of the p ulse
laser beam was equal to or lower than 0.33 [10 ~ Jlone

16



pulse], the modified layers and the cracks were not
generated in the measurable range and the dividing
not favorably made even after the back surface grin
step was carried out and the wafer was ground to th
target finished thickness. Furthermore, in the cas
0.5 [10 ~° J/one pulse], although the modified layers were
formed, the cracks were not formed in the measurabl
range and the dividing was not favorably made simil
to the above. Moreover, when the power of the puls
beam in the modified layer forming step was equal t
higher than 1.17 [10 ~ J/one pulse], the modified layers
and the cracks became large beyond necessity and th
wafer was divided into the individual device chips
early stage of the back surface grinding step, with
cracks serving as the origin of the dividing. Thus
chipping that could not be permitted was caused at
side surfaces and corner parts of the individual de
chips due to pressure and vibration in the back sur
grinding step.

In contrast, the following fact was found.
Specifically, when the formation of the modified la
was carried out in a range of 0.67 to 1.0 [10
pulse] as the range of the power of the pulse laser

the dividing into the individual device chips was
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suppressed until immediately before the wafer thick
reached the target finished thickness in the back s
grinding step. In addition, after the wafer was su
divided into the individual device chips due to the
effect of the modified layers and the cracks, the t
until the wafer thickness reached the target finish
thickness was a time of such a length that damage d
rubbing of the individual device chips against each
was not caused. From this examination result, the
following fact can be understood. Specifically, th
lengths of the modified layers and the cracks can b
adjusted by adjusting the power of the pulse laser
used in the modified layer forming step. By adjust
these lengths of the modified layers and the cracks
timing of the dividing into the individual device c
in the back surface grinding step can be adjusted.
adjusting this dividing timing, the time until the
thickness of the silicon wafer 2 reaches the target
finished thickness after the silicon wafer 2 is div
into the individual device chips can be controlled.

That is, in the case of forming modified la
cracks by a pulse laser beam to a silicon wafer and

carrying out the back surface grinding step to divi

silicon wafer into the individual device chips and
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the modified layers, the sizes of the modified laye
the cracks are so envisaged that this wafer can be
divided into the individual device chips before the
thickness of the wafer reaches the target finished
thickness and, after the wafer is divided into the
individual device chips, the time until the thickne
the wafer reaches the target finished thickness is
time that damage due to rubbing of the individual d
chips against each other is not caused through grin
under a predetermined grinding condition set in the
surface grinding step. Furthermore, regarding the
beam with which the wafer is irradiated in the modi
layer forming step, the power of the laser beam tha
provides these sizes of the modified layers and the
cracks is set. This can solve the above-described
of the present invention.

The relationship between the lengths of the
modified layers and the cracks, which change depend
the power of the above-described pulse laser beam,
the timing when the wafer is divided and the time u
the thickness of the wafer reaches the finished thi
after the wafer is divided into the individual devi
chips changes depending on the grinding condition o

grinding unit in the back surface grinding step (ro
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speed and descent speed of the grinding unit, targe
finished thickness, material condition of the silic
wafer, and so forth). Therefore, when the back sur
grinding step with a different grinding condition i
carried out, the following lengths of modified laye
cracks are obtained in advance by experiment or the
lengths with which the silicon wafer can be divided
the individual device chips before the thickness of
wafer reaches the target finished thickness and, af
the wafer is divided into the individual device chi
damage due to rubbing of the individual device chip
against each other is not caused in the time until
thickness of the wafer reaches this target finished
thickness based on the grinding condition set in th
surface grinding step. Then, the power of the puls
beam with which the wafer is irradiated in the modi
layer forming step is set to provide these lengths
modified layers and cracks.

The present invention is not limited to the
of the above described preferred embodiment. The s
the invention is defined by the appended claim and
changes and modifications as fall within the equiva
of the scope of the claim are therefore to be embra

the invention.

20

on

face

rs and
like:

into

the

ter

PS,

the

e back
e laser
fied

of

details
cope of
all
lence

ced by



WHAT IS CLAIMED | S

1. A wafer processing method for dividing
on which a plurality of devices are formed on a fro
surface and are marked out by planned dividing line
individual device chips, the wafer processing metho
comprising:

a protective member disposing step of dispo
protective member on the front surface of the wafer

a modified layer forming step of positionin
light focus point of a pulse laser beam having such
wavelength as to be transmitted through the wafer o
which the protective member is disposed at inside o
wafer along the planned dividing lines and irradiat
the wafer with the pulse laser beam with predetermi
power to form modified layers and cracks extending
the modified layers toward the front surface and a
surface; and

a back surface grinding step of, after carr
the modified layer forming step, holding a side of
protective member on a chuck table and grinding the
surface of the wafer by a grinding wheel under
predetermined grinding condition to divide the wafe
the individual device chips and carrying out grindi

until the modified layers are removed and thickness
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the wafer reaches a target finished thickness,

wherein the predetermined power of the puls
beam set in the modified layer forming step is set
power that forms the modified layers and the cracks
such a manner that the wafer is allowed to be divid
into the individual device chips before the thickne
the wafer reaches the target finished thickness and
after the wafer is divided into the individual devi
chips, a time until the thickness of the wafer reac
the target finished thickness is such a time that d
due to rubbing of the individual device chips again
each other is not caused through grinding under the
predetermined grinding condition set in the back su

grinding step.
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