METHOD OF FORM NG CUT GROOVE

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a method o
forming a cut groove in a workpiece such as a wafer
the like along a projected dicing line set on the
workpiece.

Description of the Related Art

In the process for fabricating semiconducto
devices, it has been customary to define a pluralit
regions on the surface of a semiconductor wafer, su
a silicon wafer, a gallium arsenide wafer, or the |
which is in the shape of a substantially circular p
with projected dicing lines referred to as streets
in a grid pattern, and to form devices such as ICs,
circuits, or the like in the respective regions. A
the semiconductor wafer has been ground on its reve
side to a predetermined thickness by a grinding app
the semiconductor wafer is divided by a cutting app
or a laser machining apparatus into individual devi
that will widely be used in various electric device
including cellular phones, personal computers, etc.

A cutting apparatus which is generally call
dicing saw is used as the cutting apparatus referre

above. The cutting apparatus includes a cutting bl
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having a cutting edge which is made of a superabras
such as diamond, CBN, or the like bound together by

or resin and has a thickness in the range from 20 u
30 um. While the cutting blade is rotating at a hi
speed of about 30000 rpm or the like, it incises th
semiconductor wafer to cut the same.

Each of the semiconductor devices formed on
surface of the semiconductor wafer includes metal
interconnects deposited in several layers  for
transmitting signals. The layered metal interconne
insulated from each other by interlayer insulating
that are mainly made of SiO 2. In recent years, structural
miniaturization results in smaller distances betwee
interconnects, increasing the electric capacitance
between adjacent interconnects. This causes signal
making manifest the problem of increased electric p
consumption.

In order to reduce parasitic capacitances b
layers, it has heretofore been the practice to main
employ SiO , insulating films as interlayer insulating
films at the time of forming devices (circuits). H

low-dielectric-constant insulating films (low-k fil
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whose dielectric constants are lower than SiO 2 insulating

films have recently started to find use. Such low-
dielectric-constant insulating films include materi

having dielectric constants (e.g., dielectric const
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= about 2.5 through 3.6) lower than that (k = 4.1)
insulating films, for example, inorganic films of S
SILK, etc., organic films as polymer films of polyi
parylene, polytetrafluoroethylene, etc., and porous
silica films of methyl-contained polysiloxane, etc.

When a laminated body including low-dielect
constant insulating films is cut along projected di
lines by a cutting blade, the laminated body tends
flake as the low-dielectric-constant insulating fil

very brittle like mica. Heretofore, there has been

a processing method based on a combination of laser

dicing and mechanical dicing as a method of well di
a semiconductor wafer of the above type into indivi
chips (see, for example, Japanese Patent Laid-Open
2005-150523).

According to the above wafer processing met
laser beam is applied to the surface of the semicon
wafer to form laser-processed grooves dividing the
laminated body which includes a low-k film and a
functional film, and then a substrate exposed on th
bottom surfaces of the laser-processed grooves is ¢
a cutting blade, dividing the semiconductor wafer i
individual device chips. The wafer processing meth
makes it possible to divide the semiconductor wafer
individual device chips while preventing the low-k

from flaking off. However, the wafer processing me

3

of SiO 2
iOC,

mide,

ric-
cing
to
ms are

known

viding
dual

No.

hod, a

ductor

ut by
nto
od
into
film

thod is



problematic in that because it is necessary to use a
laser processing apparatus in addition to a cutting
apparatus, the cost of the apparatus used is high.

Methods of cutting a low-k film without fla king it
off by way of mechanical dicing without the use of a
laser processing apparatus have been researched and

developed from day to day. A very shallow-cutting

processing method of removing a low-k film with a ¢ utting
blade which has a cross-sectionally U-shaped or V-s haped
tip end is described in Japanese Patent Laid-Open N 0.
2015-18965.

SUMVARY OF THE | NVENTI ON

However, the processing method described in

Japanese Patent Laid-Open No. 2015-18965 is likely to
cause a problem in that if the incision depth for t he
cutting blade is wrong, then the width of cut groov es may
increase to a range in excess of the projected dici ng
lines, tending to remove devices on the semiconduct or
wafer or to cause a portion, which is not of a roun d
shape, of the tip end of the cutting blade to conta ct the

low-k film to flake it off.

It is therefore an object of the present in vention
to provide a method of forming cut grooves to an ac curate
depth in a workpiece along projected dicing lines t hereon.

In accordance with an aspect of the present
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invention, there is provided a method of forming a
groove having a predetermined depth in a workpiece
cutting blade along a projected dicing line set on
workpiece. The method includes a relational expres
determining step of cutting a measurement member wi
cutting blade to form a first preliminary cut groov
therein and determining a relational expression wit
respect to a distance from a groove bottom of the f
preliminary cut groove and a groove width of the fi
preliminary cut groove, a reference position settin

of setting a position where a tip end of the cuttin
blade and a holding surface of a chuck table contac
other as a reference position for incising feed mea
moving the cutting blade and the chuck table relati

to each other along a incising feed direction
perpendicular to the holding surface of the chuck t

and a preliminary cut groove forming step of, after
relational expression determining step and the refe
position setting step have been carried out, settin
amount of incision into the workpiece as being equa
or smaller than a predetermined value from the refe
position and the thickness of the workpiece and for
second preliminary cut groove in the workpiece held
the chuck table with the cutting blade along the
projected dicing line. The method further includes

depth calculating step of, after the preliminary cu
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groove forming step has been carried out, capturing
image of the second preliminary cut groove, measuri
groove width of the second preliminary cut groove,
calculating a depth of the second preliminary cut g
from the groove width of the second preliminary cut
groove and the relational expression, an amount-of-
incision resetting step of resetting an amount of
incision for the cutting blade to form a cut groove
having a predetermined depth in the workpiece, usin
corrective value represented by the difference betw
the amount of incision set in the preliminary cut g
forming step and the depth of the second preliminar
groove calculated in the depth calculating step, an
processing step of, after the amount-of-incision
resetting step has been carried out, forming a cut
having a predetermined depth in the workpiece with
cutting blade along the projected dicing line by th
amount of incision set in the amount-of-incision
resetting step.

Preferably, the processing step includes cu
the cut groove along the second preliminary cut gro
Preferably, the preliminary cut groove forming step
depth calculating step, and amount-of-incision rese
step are carried out a plurality of times along dif
projected dicing lines with respect to the workpiec

on the chuck table.
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With the method of forming a cut groove acc
the present invention, a measurement member is cut
cutting blade to form a first preliminary cut groov
therein and a relational expression is determined i
advance with respect to a distance from a groove bo
of the first preliminary cut groove and a groove wi
the first preliminary cut groove. Thereafter, a se
preliminary cut groove is formed in a workpiece to
incision depth smaller than a planned depth to be
processed, and a corrective value is calculated fro
difference between a set amount of incision and the
actual depth of the groove. An amount of incision
reset for the cutting blade using the corrective va
and a cut groove is formed in the workpiece by the
amount of incision. Therefore, a groove can be cut
accurate depth in the workpiece.

The above and other objects, features and a
of the present invention and the manner of realizin
will become more apparent, and the invention itself
best be understood from a study of the following
description and appended claims with reference to t
attached drawings showing a preferred embodiment of

invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG. 1 is a perspective view of a cutting a
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which is suitable for carrying out a method of form
cut groove according to the present invention;

FIG. 2 is a perspective view of a wafer uni

FIG. 3 is a side elevational view, partly i
section, illustrating a first preliminary cut groov
forming step;

FIG. 4 is a side elevational view, partly i
section, illustrating a preliminary cut groove form
step of forming a second preliminary cut groove;

FIG. 5 is a schematic perspective view show
image capturing step;

FIG. 6 is a view showing a captured image o
second preliminary cut groove which is displayed on
display monitor;

FIG. 7 is a side elevational view, partly i
section, illustrating a processing step;

FIG. 8 is a schematic perspective view show
manner in which an image of a cut groove formed in
processing step is captured by an image capturing u

FIG. 9 is a view showing a captured image o
cut groove which is displayed on the display monito

FIG. 10 is a side elevational view, partly
section, illustrating a preliminary cut groove form
step which is carried out by a cutting blade having

cross-sectionally U-shaped tip end.
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT

An embodiment of the present invention will
described in detail below with reference to the dra
FIG. 1 shows in perspective a cutting apparatus 2 w
is suitable for carrying out a method of forming a
groove according to the present invention. As show
FIG. 1, the cutting apparatus 2 is a cutting appara
the facing dual spindle type wherein two cutting bl
are disposed in facing relation to each other. The
cutting apparatus 2 includes a base 4 with a chuck
6 disposed thereon which is movable back and forth
X-axis directions by a processing feed mechanism, n
shown. The chuck table 6 includes a frame 8 made o
such as SUS or the like and a suction holder 10 mad
porous ceramics or the like and disposed in the fra
The cutting apparatus 2 also has a plurality of cla
and a water cover 14 disposed around the chuck tabl
corrugated panel 16 extends between and is connecte
the water cover 14 and the base 4. An auxiliary ch
table 18 for holding a measurement member such as a
wafer is disposed on the water cover 14 adjacent to
chuck table 6.

FIG. 2 shows a wafer unit 17 in perspective
wafer unit 17 includes an annular frame F and a
semiconductor wafer (hereinafter also referred to a

wafer) 11 whose reverse side is adhered to a dicing
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T having an outer peripheral portion adhered to the
annular frame F. The wafer 11 has on its surface d
15 such as ICs, LSI circuits, or the like formed in
respective regions that are defined by a plurality
projected dicing lines 13 arranged in a grid patter
wafer unit 17 shown in FIG. 2 is illustrated as inc
the semiconductor wafer 11 as a workpiece to be pro
However, the workpiece is not Ilimited to the
semiconductor wafer 11, but may be planar workpiece
including other wafers such as an optical device wa
with a plurality of optical devices formed on its s

Referring back to FIG. 1, a plurality of wa
units 17 are housed in a cassette 20 which is place
vertically movable cassette elevator 22. A portal-
column 24 is erected on a rear portion of the base
pair of guide rails 26 extending along Y-axis direc
are fixed to the column 24. On the column 24, ther
mounted a first Y-axis movable block 28 which is mo
along the Y-axis directions by a first Y-axis movin
mechanism 34 including a ball screw 30 and a pulse
not shown, while being guided by the guide rails 26

A pair of guide rails 36 extending along Z-
directions are fixed to the first Y-axis movable bl
On the first Y-axis movable block 28, there is moun
first Z-axis movable block 38 which is movable alon

Z-axis directions by a first Z-axis moving mechanis
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including a ball screw 40 and a pulse motor 42, whi
being guided by the guide rails 36. A first cuttin

46 and a first image capturing unit 52 are mounted

first Z-axis movable block 38.

As shown in FIG. 3, the first cutting unit
includes a spindle 48 rotatable about its own axis
motor, not shown, and a first cutting blade 50 deta
mounted on a distal end portion of the spindle 48.
first cutting blade 50 has a tip end 50a which is o
generally V cross-sectional shape whose crest shoul
preferably be round. The first cutting blade 50 sh
preferably be a relatively thick cutting blade whos
cutting edge has a thickness of about 500 um.

Referring back to FIG. 1, the portal-shaped
24 also supports thereon a second Y-axis movable bl
28a which is movable along the Y-axis directions by
second Y-axis moving mechanism 34a including a ball
30a and a pulse motor 32a while being guided by the
rails 26. A pair of guide rails 36a extending alon
Z-axis directions are fixed to the second Y-axis mo
block 28a. On the second Y-axis movable block 28a,
is mounted a second Z-axis movable block 38a which
movable along the Z-axis directions by a second Z-a
moving mechanism 44a including a ball screw 40a and
pulse motor 42a while being guided by the guide rai

A second cutting unit 46a and a second imag
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capturing unit 52a are mounted on the second Z-axis

movable block 38a. The second cutting unit 46a inc
spindle rotatable about its own axis by a motor, no
shown, and a second cutting blade, not shown, detac
mounted on a distal end portion of the spindle. Th
second cutting blade includes an electroformed blad
whose cutting edge has a thickness of about 30 pum,
example.

A spinner cleaning unit 54 which has a spin
table 56 attracts and holds a wafer 11 that has bee
on the spinner table 56, spinningly cleans the wafe
and thereafter spinningly dries the wafer 11. The
mechanisms of the cutting apparatus 2 are controlle
control means (controller) 58. A touch-panel displ
monitor 60 is mounted on an outer panel, not shown,
the cutting apparatus 2. The touch-panel display m

60 displays operating status of the cutting apparat

and is also used to enter control commands for the

cutting apparatus 2.

The method of forming a cut groove accordin
present invention will be described in detail below
suction holder 10 of the chuck table 6 has an upper
surface serving as a holding surface which does not
completely horizontally, but contains a height erro
the range of about 3 um to 8 um, for example. Furt

since the wafer 11 has a thickness variation in the
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of 1 um to 3 um and each of the axes of the cutting

apparatus 2 varies by about 2 pum depending on the

temperature, in order to manage the incision depth
the cutting blade 50 with the accuracy of about
for example, the accurate depth of a cut groove can
measured unless the cutting blade 50 actually incis
workpiece.

The method of forming a cut groove accordin

present invention has been developed for forming a

groove to an accurate depth in the workpiece by

correcting the height error of the holding surface
chuck table 6 and the thickness variation of the
workpiece, etc. In the method of forming a cut gro
according to the present invention, as shown in FIG
measurement member cutting step is first carried ou
cause the auxiliary chuck table 18 to attract and h
measurement member 19 such as a dummy wafer thereon
to cause the cutting blade 50 to cut the measuremen
member 19 to form a first preliminary cut groove 21
therein. Specifically, the tip end 50a which is cr
sectionally V-shaped incises the measurement member
a shallow depth to form the first preliminary cut g
21 in the measurement member 19.

After the measurement member cutting step h
carried out, the measurement member 19 with the fir

preliminary cut groove 21 formed therein is removed
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the auxiliary chuck table 18, and the cross-section
shape of the first preliminary cut groove 21 is obs

using a microscope. The relationship between a dep
from the groove bottom of the first preliminary cut
groove 21 and a groove width W of the first prelimi

cut groove 21 is detected at a plurality of locatio
along the first preliminary cut groove 21. A relat
expression (table) shown in Table 1 below is produc
from the detected relationship, and stored in a mem

the control means 58 (relational expression determi

step).

[Table 1]

Distance D from groove bottom Groove|width W
3 8

6 12

9 19

12 24

15 30
(unit: um)

Before or after the relational expression
determining step, a process of setting up the cutti
blade 50 to detect a reference vertical position fo
cutting blade 50 is carried out. Specifically, a
reference position setting step is carried out to s
position where the tip end 50a of the cutting blade

and the holding surface of the chuck table 6 contac
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other as a reference position for the incising feed
(first Z-axis moving mechanism) 44 for moving the ¢
blade 50 and the chuck table 6 relatively to each o
along incising feed directions (Z-axis directions)
perpendicular to the holding surface of the chuck t

After the relational expression determining
and the reference position setting step have been c
out, a preliminary cut groove forming step is carri
to set an amount of incision into the wafer (workpi
11 as being equal to or smaller than a predetermine
value from the reference position and the thickness
the wafer 11, and, as shown in FIG. 4, and to form
second preliminary cut groove 27 in the wafer 11 he
the chuck table 6 along a projected dicing line 13
the cutting blade 50 which is rotating at a high sp

The semiconductor wafer 11 includes a silic
substrate 23 and a laminated body 25 deposited on t
silicon substrate 23, the laminated body 25 includi
low-dielectric-constant insulating films (low-k fil

and functional films which are deposited in a plura

of layers. The semiconductor wafer 11 also has a

plurality of devices 15 formed in respective region
are defined by a plurality of projected dicing line
arranged in a grid pattern on the laminated body 25

second preliminary cut groove 27 formed in

preliminary cut groove forming step have a depth D1
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smaller than the thickness of the laminated body 25
the second preliminary cut groove 27 includes a gro
width W1.

After the preliminary cut groove forming st
been carried out, an image of the second preliminar

groove 27 is captured by the first image capturing

52 as shown in FIG. 5, and the captured image is

displayed on the display monitor 60 as shown in FIG
The width of the second preliminary cut groove 27 i
detected, and the depth of the second preliminary c
groove 27 is calculated from the detected groove wi
and the relational expression determined in the
relational expression determining step (depth calcu
step). Then, an amount-of-incision resetting step
carried out to reset an amount of incision for the
cutting blade to form a cut groove having a predete
depth, using a corrective value represented by the
difference between the amount of incision set in th
preliminary cut groove forming step and the depth o
second preliminary cut groove calculated in the dep
calculating step.

After the amount-of-incision resetting step
been carried out, as shown in FIG. 7, a processing
Is carried out to cause the cutting blade 50 rotati
a high speed to incise the wafer 11 by the reset am

of incision, forming a cut groove 29 of a predeterm

16

, and

ove

ep has
y cut

unit

ut

dth

lating

rmined

f the

th

has
step
ng at
ount

ined



depth D2 in the wafer 11 along a projected dicing | ine 13.
At this time, the cut groove 29 has a groove width w2.

The predetermined depth D2 is a depth by which the

cutting blade 50 completely severs the laminated bo dy 25
and incises the substrate 23 slightly from its surf ace
23a. In the processing step, the cut groove 29 of the

predetermined depth D2 is formed along the second

preliminary cut groove 27. Since the depth D2 of t he cut
groove 29 formed in the processing step is a depth by
which the laminated body 25 is completely severed a nd the
substrate 23 is slightly incised, the low-k films a re
prevented from flaking off even when the cutting bl ade of
the second cutting unit 46a dices the wafer 11 alon g the

cut groove 29.

FIG. 8 shows in perspective the manner in w hich an
image of the cut groove 29 of the predetermined dep th D
is captured by the image capturing unit 52. As sho wn in

FIG. 9, the captured image of the cut groove 29 is

displayed on the display monitor 60 for a kerf chec k. It
can be seen from the captured image shown in FIG. 9 that
the low-k films are not flaked off when the cut gro ove 29

of the predetermined depth are formed.

FIG. 10 illustrates in side elevation, part ly in
cross section, the method of forming a cut groove
according to the present invention with a cutting b lade

50A having a cross-sectionally U-shaped tip. Altho ugh the

17



relational expression determining step, the prelimi
cut groove forming step, and the processing step ar
carried out using the cutting blade 50 having a cro
sectionally V-shaped tip end in the above embodimen
these steps may be performed using the cutting blad
with the cross-sectionally U-shaped tip end.

Since the upper surface (holding surface) o
chuck table 6 does not lie exactly horizontally as
described above, the preliminary cut groove forming
for forming the second preliminary cut groove 27 al
projected dicing line 13 should preferably be carri
along a plurality of projected dicing lines 13 by m
the first cutting unit 46 along a Y-axis direction
processing feed mode. After the preliminary cut gr
forming step has been carried out along the plural
projected dicing lines 13, a depth calculating step
calculating the depth of the second preliminary cut
groove 27 and an amount-of-incision resetting step
carried out again, and a processing step is carried
with respect to a projected dicing line 13 subseque
the projected dicing lines 13, using the reset amou
Incision.

Inasmuch as the wafer 11 generally has a th

variation in the range of about 1 um to 3 pum, the s

height of the wafer 11 may be measured by a surface

height measuring apparatus and the processing step
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carried out in order to follow up a change in the h
In the measurement member cutting step, the cross-
sectional shape of the cut measurement member has b
illustrated as being observed by the microscope. H
a plurality of first preliminary cut grooves 21 hav
incision depths that are different from each other
um, for example, may be formed in the measurement m
planar images of the formed first preliminary cut g
21 may be captured by image capturing means, and th
groove widths may be measured, so that a relational
expression (table) as shown in Table 1 may be produ

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

by the invention.
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WHAT IS CLAIMED IS:

1. A method of forming a cut groove having a
predetermined depth in a workpiece with a cutting blade
along a projected dicing line set on the workpiece, the
method comprising:

a relational expression determining step of cutting
a measurement member with the cutting blade to form a
first preliminary cut groove therein and determining a
relational expression with respect to a distance from a
groove bottom of the first preliminary cut groove and a
groove width of the first preliminary cut groove;

a reference position setting step of setting a
position where a tip end of the cutting blade and a
holding surface of a chuck table contact each other as a
reference position for incising feed means for moving the
cutting blade and the chuck table relatively to each
other along a incising feed direction perpendicular to
the holding surface of the chuck table;

a preliminary cut groove forming step of, after the
relational expression determining step and the reference
position setting step have been carried out, setting an
amount of incision into the workpiece as being equal to
or smaller than a predetermined value from the reference
position and the thickness of the workpiece and forming a
second preliminary cut groove in the workpiece held on

20



the chuck table with the cutting blade along the
projected dicing line;

a depth calculating step of, after the preliminary
cut groove forming step has been carried out, capturing
an image of the second preliminary cut groove, measuring
a groove width of the second preliminary cut groove, and
calculating a depth of the second preliminary cut groove
from the groove width of the second preliminary cut
groove and the relational expression;

an amount-of-incision resetting step of resetting
an amount of incision for the cutting blade to form a cut
groove having a predetermined depth in the workpiece,
using a corrective value represented by the difference
between the amount of incision set in the preliminary cut
groove forming step and the depth of the second
preliminary cut groove calculated in the depth
calculating step; and

a processing step of, after the amount-of-incision
resetting step has been carried out, forming a cut groove
having a predetermined depth in the workpiece with the
cutting blade along the projected dicing line by the
amount of incision set in the amount-of-incision

resetting step.
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2. The method of forming a cut groove according to
claim 1, wherein the processing step includes cutting the

cut groove along the second preliminary cut groove.

3. The method of forming a cut groove according to
claim 1 or 2, wherein the preliminary cut groove forming
step, the depth calculating step, and amount-of-incision
resetting step are carried out a plurality of times along
different projected dicing lines with respect to the

workpiece held on the chuck table.
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