1 TKS- M40 METHOD AND APPARATUS FOR MACHI NI NG SUBSTRATE BACKGROUND OF THE
I NVENTION 5 1. Field of the Invention The present invention relates to a
nmet hod and apparatus for nachining a substrate such as, for exawgl&240a
semi conductor wafer. 2. Description of thelRelated Art 10 In the field of
manuf acturing sem conductors, the dicing process for cutting a substrate
such as, for exa”plﬁET%dﬂlJﬁﬂmA fe h -Iurallt of

sem conduct or el emen 3 Tt=c i SUBEIRAPE cing a
substrate, is necessary. A substrate 15 nachlnlng 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 fromits surfBReXCRAUNRI @R ﬁ%EdIHVﬁﬁTI@Ee is attached, while cutting
water isssupplied tp,theri@fqWwefetne TheybLassni s noved forward to forma
street. Usually, only the wafer is cut wthout conpletely cutting the
dicing tape. Streets arelfOrRE@SeRtt heventbeni nelavesi tadanmkbthod hader al
directions so 4 rat@éuf@fl;ﬁychpﬁlﬁ bj c on e _dici

tape. This is £§a3|3c|o ed i ega%psgb§€r§£8 §8 H?%Bané g Eﬁ%%ﬁﬂgned
Pat ent Publ i cati %ﬁﬂfﬁﬁ&§$§tﬁﬁ W3H®P: 75919. However, in the substrate

machi ning nmethod & scl oBescripdbprnesechlbexariped Latent Publication

( Kokai ) , 2002-75919, e I S, ossibili t hat sonme 30 probl em may
occur o%bg cut surface o## %ﬁém£%€}8 %?dnaﬁuég%t%ﬁl%ﬂl%?@é@ogééﬁtgﬁ%t Vi ew
of a diced subshe Aicingpreress for . cying assabperstal sPERSRECt Fye View

of a 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 Btreet.
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



[ rate in a prior art. As shown in Fig. 4, chi ppi ngs 910, 920
nge?ofﬁgzton cut sur?aces 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., inthe vicinity of a dltl%g'tape 300. As shown in 2 Fig.
4, the chippings 910, 920 are also fornmed on the portion of the wafer 200
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' cut, a _substrate fromi e sur
glggf IS rOta%%%1g%ow 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



surface of the substrate adjacent to the other surface of “the substrate
is irradiated with laser light. Namely, according to the first enbodi ment,
the 30 strength of the cut surface is |nc%eased because chi ppi ngs which
may be formed in the cut surface are nelted to forma nodified layer such
as, for exanple, an oxidized |layer. Therefore, the chips or dice are
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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. 1In 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 1lb are conceptual views showing a
cutting operation of a substrate machining method
according to the present invention. As shown in Fig. 1la,
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 ib, 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



| . In the drawi ngs, the same nenbers are designated by the same
?;?gﬁggie nuner al s. Forgeasy under standi ng, the scale of each drawing is
appropriately changed. 25 Figs. la and | b are conceptual views show ng a
cutting operation of a substrate nachlnrhg4ne;hod according to the
present invention. As shown in Fig. 7.a, sen1conductor0ﬁl:nEPf?ng 3;$er
u t I _.ex
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formed at blade 40 is moved across the wafer 20.

As described above, chippings 91, 92 are formed at
B 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
Bl, 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



15 | ower edges of the cut surfaces 21, 22, i.e., the edges adjacent to
the patterned surface 29, respectively. Likew se, crushed |ayers, i.e.,
brittle fracture layers 81, 82 are formed in the cut surfaces 21, 22,
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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 CO, 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. 2As a matter of
course, the laser 61 may be irradiated after removing the
cutting water from the street $0 by an air flow or drying
the cutting water. 1In this case, laser light whose

35 output is smaller than the CO, 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



i ncl udi ng one sem conductor elenent 10 is picked up and 10 assenbled. in
the present invention, the dice are prevented from being broken in
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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. 1In 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. 1In 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.



selectively irradiated with the laser light. As a matter of course, the
entirety of opposed cut surfaces may be 5 irradiated with the | aser |ight,
or only a part of one cut surface may be irradiated with the | aser |ight.
It is possible to expand the dicing tape 30,~for exanple, in leftward and
rightward directions in the drawing after cutting the wafer 20 by the

di sk-1i ke bl ade 10,40, tQ irradiate the | aser Ijght thereafter. in
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52, 53 and 54 thé@fe édd ik igr + Hodistanpke, &l qliesdOsubatrabe.
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52. In ggch a fgr can. be hi with no influence on
operation tine e%éltﬁs%%fvgi’l g:soergqringﬁ?oﬁla%é]:fﬁﬁr%per ation can be carried
out 30 while a usual dicing operation is carried out in the substrate
machi ni ng apparatus. The laser irradiating portion 60 nay be noved to
follow the disk-1ike blade 40 when the disk-1ike blade 40 forns a street.
In this case, the laser irradiating




35 portion 60 is noved along the street that is being formed by the

di sk-1i ke blade 40. Thus, the wafer can be nmachined with no influence on
operation tine. 7 As a nmatter of course, it is obvious that nethod and
apparatus for machining a substrate accotd?ng_tp the present invention
can be applied to a substrate other than a silicon wafer, for exanple, a
gl ass substrate. 5 According to the pre&gggﬂggventlon, a common ef f ect
can be obtained in which the dice are p d from being broken in

pi cki ng-up and assénbl i fy opErtatdton fch iminglinet et afise m&l@hﬁﬁi@?%h of

the cut surfa cr y hi ps, that may be torned in
the 10 cut sur%t%}gga%é; for rmsgutﬂd{éf ayerlg % CLAIMS 1. A substrate
machi ni ng net hod for nachlm|ﬂ?ﬁ$kﬂﬁkﬁh&ﬂ&ﬂbsnrﬁkesfrmmthEssmm@ sirfagé i ng

the subsgrat e gfg gmditsk - ANk SWTARE 12 S sklg ke blade is rotated; and
I rradi ating vmatsh asler _q'l ghtq{ he edlge lg(?tét cut surface of the substrate

that is located in the vicini®sadiatig o xagenckight theubdge at® a

machi ni ng net ket a@Lddg dO i dubddrdee WaELi Nid hfo %}é ei% 9& the cut
sur face of the:ﬁ§Ub§ﬁ%cH§J:S irradiated with the l'aser Tight. 3.
t

substrate nmachi Be B MEH % m 1 or 2, wherein the |aser
is a YAG | aser or a O A astsstrake mmx&anm e Ao FEL KQ Ot RCEDL £Hh NG

the subbtrat ot ranieen T i i LRER B PO 8 S ?ecé“caﬁt%riﬁfi the
substrate and sadgsdditey ishelnliadimtedpeith the laser light,
3. A substrate machining method according to claim
1l or 2, wherein the laser is a YAG laser or a CO, 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 methed 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



5. A substrate machi ning nethod according to claim 1, wherein the | aser
light is irradiated onto a street 20 that has been already fornmed and is
different froma street being fornmed by cuttlng the substrate by the
di sk- like blade. 6. A substrate machi ning?nethod according to claim 1,
wherein the laser light is irradi ated onto a street, 25 that is being

formed by cutti edls ke bl ade, while follow ng
t he novenent of h&ﬁ%ﬁ%ﬁf% %g%ﬁb L(‘su%)}s?r‘é’ﬂElﬁﬁElﬁl REnghappatat us
for machi ni ng Salrfs'iﬂ%tqiét@e csmpstzsat@ 30 a disk-1ike blade that is
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cut surface Glaife &t areierein the | beserdlight hervadiatiyg3poptishe
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