
1 TKS-M240 METHOD AND APPARATUS FOR MACHINING SUBSTRATE BACKGROUND OF THE
INVENTION  5 1. Field of the Invention The present invention relates to a
method and  apparatus for machining a substrate such as, for example,  a
semiconductor wafer. 2. Description of the Related Art 10 In the field of
manufacturing semiconductors,  the dicing process for cutting a substrate
such as, for  example, a silicon wafer on which a plurality of
semiconductor elements are formed, into cubic portions,  i.e., dicing a
substrate, is necessary. A substrate 15 machining apparatus for dicing
contains a disk-like  blade. Before a dicing process, an adhesive dicing
tape  is attached to a wafer. After that, the blade is rotated  to cut the
wafer from its surface, on which no dicing tape is attached, while cutting
water is supplied to the  20 wafer. The blade is moved forward to form a
street.  Usually, only the wafer is cut without completely cutting  the
dicing tape. Streets are formed on the wafer in  longitudinal and lateral
directions so that a plurality  of cubic dice are formed on the dicing
tape. This is 25 disclosed in, for example, Fig. 6 of Japanese Unexamined
Patent Publication (Kokai) No. 2002-75919. However, in the substrate
machining method  disclosed in Japanese Unexamined Patent Publication
(Kokai) No, 2002-75919, there is a possibility that some 30 problem may
occur on a cut surface of the wafer. Fig. 4  is an enlarged sectional view
of a diced substrate in a  prior art. Fig. 5 is a partial perspective view
of a  



diced substrate in a prior art. As shown in Fig. 4,  chippings 910, 920
are formed on cut surfaces 210, 220 of 35 a wafer 200, respectively, after
a dicing operation, in  the vicinity of lower edges of the cut surfaces
210, 220,  i.e., in the vicinity of a dicing tape 300. As shown in 2 Fig.
4, the chippings 910, 920 are also formed on the  portion of the wafer 200
adjacent to the dicing tape 300,  i.e., the bottom of the wafer 200. As
shown in Fig. 5,  such chippings 900 exist on the sides of chips or dice
to 5 be formed. Accordingly, cracks sometimes grow on the  bottoms of
chips or dice, so that the chips or dice are  broken or become difficult
to assemble, when stresses are  applied to the chips or dice in picking-up
and assembling  operations of the chips or dice. Crushed layers, i.e., 10
brittle fracture layers 810, 820 are formed in the cut  surfaces 210, 220,
along the thickness direction of the  wafer 200. Likewise, there is a
possibility that cracks  may grow in the brittle fracture layers 810, 820
of the  cut surfaces 210, 220 to break the chips or dice when 15 stresses
are applied to the chips or dice in picking-up  and assembling operations
of the chips or dice. In view of the above problems, the object of  the
present invention is to provide a method and  apparatus for machining a
substrate which prevents chips 20 and prevents dice from being broken in
picking-up and  assembling operations of the dice. SUMMARY OF THE
INVENTION To achieve the above object, according to a first  embodiment,
there is provided a substrate machining 25 method in which a disk-like
blade is rotated to cut a  substrate from its one surface and the edge of
a cut  



surface of the substrate adjacent to the other surface of  the substrate
is irradiated with laser light. Namely, according to the first embodiment,
the  30 strength of the cut surface is increased because  chippings which
may be formed in the cut surface are  melted to form a modified layer such
as, for example, an  oxidized layer. Therefore, the chips or dice are
prevented from being broken in picking-up and assembling  35 operations of
the dice. Brief Description of the Drawings Fig. la is a conceptual view
showing a cutting 3 operation of a substrate machining method according to
the present invention; Fig. lb is a conceptual view showing a cutting
operation of a substrate machining method according to  5 the present
invention; Fig. 2a is a conceptual view showing a laser light  irradiating
operation of a substrate machining method  according to the present
invention; Fig. 2b is a conceptual view showing a laser 10 irradiating
operation of a substrate machining method  according to the present
invention; Fig. 3 is a schematic view of a substrate machining  method
according to the present invention; Fig. 4 is an enlarged sectional view
of a diced  15 substrate in a prior art; and Fig. 5 is a partial
perspective view of a diced  substrate in a prior art. DESCRIPTION OF THE
PREFERRED EMBODIMENTS  Embodiments of the present invention will be  20
described below with reference to the accompanying 



drawings. In the drawings, the same members are  designated by the same
reference numerals. For easy  understanding, the scale of each drawing is
appropriately  changed. 25 Figs. la and lb are conceptual views showing a
cutting operation of a substrate machining method  according to the
present invention. As shown in Fig. 7.a,  semiconductor elements 10 are
formed on a semiconductor  substrate and, for example, on a silicon wafer
20. 30 Usually, semiconductor elements 10 are formed in the  shape of dice
on the wafer 20. However, for easy  understanding, only two semiconductor
elements are shown  in Figs. 1 and 2. As can be seen from Figs. la and lb,
a  patterned surface 29 of the wafer 20, on which 35 semiconductor
elements 10 are formed, is covered with a  dicing tape 30 or a protective
film 30. The substrate machining apparatus according to the 4 present
invention contains a disk-like blade 40.  Abrasive grains are attached to
the outer periphery of  the disk-like blade 40. The disk-like blade 40 is
controllably driven by an appropriate motor (not shown) 5 coupled to the
blade. As shown in Fig. la, the wafer 20  is cut by the disk-like blade 40
from a backside 28 of  the wafer 20. In this cutting operation, only a
part of  the dicing tape 30 is removed. Therefore, as shown in  Fig. lb, a
street 50 is formed between cut surfaces 21, 10 22 formed by the disk-like
blade 40. The street 50 is  formed in a direction perpendicular to the
paper, on  which Fig. 1 is drawn, because the rotating disk-like  blade 40
is moved across the wafer 20. As described above, chippings 91, 92 are
formed at  



15 lower edges of the cut surfaces 21, 22, i.e., the edges  adjacent to
the patterned surface 29, respectively. Likewise, crushed layers, i.e.,
brittle fracture layers  81, 82 are formed in the cut surfaces 21, 22,
respectively. The brittle fracture layers 81, 82 and the 20 chippings 91,
92 are discontinuously formed along the  street 50 (in a direction
perpendicular to the paper on  which Fig. 1 is drawn). Figs. 2a and 2b are
conceptual views showing a laser  irradiating operation of a substrate
machining method 25 according to the present invention. As shown in Fig.
2a,  a laser irradiating portion 60 is located above the back  side 28,
and is positioned between the cut surfaces 21,  22. After that, a laser
light 61 is irradiated from the  laser light irradiating portion 60.
Therefore, the cut 30 surfaces 21, 22 of the wafer 20, particularly, the
chippings 91, 92 are heated and melted. After that, the  irradiation of
the laser light 61 from the laser light  irradiating portion 60 is
stopped. Thus, the melted  portions of the chippings 91, 92 are cooled and
hardened, 35 so that modified layers 73, 74 are formed on surfaces of  the
chippings 91, 92, respectively. The strength of the  modified layers is
larger than that of the wafer 20 5 because the modified layers 73, 74 are
oxidized layers  that are oxidized by the above-described irradiation of
laser light. After that, streets are formed on the wafer  20 in
longitudinal and lateral directions, so that a 5 plurality of chips or
dice in the shape of dice (not  shown) are arranged on the dicing tape 30.
Therefore,  the cut surfaces of the wafer 20 become side faces of the
chips or dice. After that, one of the dice each  



including one semiconductor element 10 is picked up and 10 assembled. in
the present invention, the dice are  prevented from being broken in
picking-up and assembling  operations of the dice because the strength of
the side  faces of the dice is increased. Likewise, the brittle fracture
layers 81, 82, which  15 are formed in the cut surfaces 21, 22 when a
dicing  operation is carried out, become modified layers 71, 72  by
irradiation of laser light. Namely, the strength of  the cut surfaces 21,
22 is increased because the brittle  fracture layers 81, 82 are melted and
then hardened. 20 Therefore, the dice are prevented from being broken in
picking-up and assembling operations of the dice.  Usually, cutting water
is supplied to a cut portion when a dicing operation is carried out.
Therefore, it is  preferable that the laser light 61 irradiated from the
25 laser light irradiating portion 60 be a C02 laser light or a YAG laser
light. Accordingly, the irradiation of  the laser light can be
appropriately carried out without  the influence of the cutting water.
Namely, even when  the cutting water remains in the street 50, the brittle
30 fracture layers 81, 82 and the chippings 91, 92 are  appropriately
irradiated with the laser. As a matter of  course, the laser 61 may be
irradiated after removing the  cutting water from the street 50 by an air
flow or drying  the cutting water. In this case, laser light whose 35
output is smaller than the C02 laser light or the YAG  laser light, for
example, excimer laser light can be  adopted. A focus of the laser light
61 is moved, so that 6 a specific portion of the cut surfaces 21, 22, for
example, the chipping or brittle fracture layer can be  



selectively irradiated with the laser light. As a matter  of course, the
entirety of opposed cut surfaces may be 5 irradiated with the laser light,
or only a part of one  cut surface may be irradiated with the laser light.
It is possible to expand the dicing tape 30, for  example, in leftward and
rightward directions in the  drawing after cutting the wafer 20 by the
disk-like blade 10 40, and to irradiate the laser light thereafter. in
this  case, the wafer 20 can be easily machined by a laser  light having a
large diameter because a distance between  the cutting surfaces 21, 22 is
increased by the  expansion. 15 Fig. .3 is a schematic view of a substrate
machining  method according to the present invention. In Fig. 3,  streets
52, 53 and 54 have been formed by the disk-like  blade 40, and the
disk-like blade 40 is forming a street  51. The streets 53, 54 have been
irradiated with the 20 laser light, and modified layers 75, 76 and
modified  layers 77, 78 are formed, respectively. As shown in Fig.  3, in
the present invention, while the street 51 is  formed by the disk-like
blade 40, another street, for  example, the street 52 can be irradiated
with the laser 25 light by the laser light irradiating portion 60. Thus,
modified layers are formed in the cutting surfaces 25, 26  in the street
52. In such a case, the wafer can be  machined with no influence on
operation time because a  laser light irradiating operation can be carried
out 30 while a usual dicing operation is carried out in the  substrate
machining apparatus. The laser irradiating portion 60 may be moved to
follow the disk-like blade 40 when the disk-like blade 40  forms a street.
In this case, the laser irradiating 



35 portion 60 is moved along the street that is being formed  by the
disk-like blade 40. Thus, the wafer can be  machined with no influence on
operation time. 7 As a matter of course, it is obvious that method and
apparatus for machining a substrate according to the  present invention
can be applied to a substrate other  than a silicon wafer, for example, a
glass substrate. 5 According to the present invention, a common effect
can be obtained in which the dice are prevented from  being broken in
picking-up and assembling operation of  the dice because the strength of
the cut surfaces is  increased by melting the chips, that may be formed in
the 10 cut surfaces, to form modified layers. 8 CLAIMS  1. A substrate
machining method for machining a substrate, comprising the step of cutting
the substrate from its one surface  5 as a disk-like blade is rotated; and
irradiating with laser light the edge of a  cut surface, of the substrate,
that is located in the  vicinity of the other surface. 2. A substrate
machining method according to claim  10 1, wherein the entirety of the cut
surface of the  substrate is irradiated with the laser light. 3. A
substrate machining method according to claim  1 or 2, wherein the laser
is a YAG laser or a CO2 laser.  4. A substrate machining method according
to claim 15 1, wherein a dicing tape is adhered to the other surface  of
the substrate; and the laser light is irradiated after  cutting only the
substrate and expanding the dicing tape. 



5. A substrate machining method according to claim  1, wherein the laser
light is irradiated onto a street 20 that has been already formed and is
different from a  street being formed by cutting the substrate by the
disk- like blade. 6. A substrate machining method according to claim  1,
wherein the laser light is irradiated onto a street,  25 that is being
formed by cutting the substrate by the disk-like blade, while following
the movement of the  disk-like blade. 7. A substrate machining apparatus
for machining a  substrate, comprising 30 a disk-like blade that is
rotated to cut  the substrate from its one surface; and a laser light
irradiating portion for  irradiating a laser light to the portion, of a
cut  surface of the substrate, that is located in the vicinity 35 of the
other surface of the substrate. 8. A substrate machining apparatus
according to  claim 7, wherein the laser light irradiating portion can 9
irradiate the laser light onto the entirety of the cut  surface of the
substrate. 9. A substrate machining apparatus according to  claim 7 or 8,
wherein the laser light irradiating portion  5 is a YAG laser light
irradiating portion or a CO2 laser light irradiating portion. 


