s PROTECTI VE FI LM AGENT FOR LASER DI CI NG AND WAFER PROCESSI NG METHOD USI NG
THE PROTECTI VE FI LM AGENT Background of the Invention 5 1. Field of the
Jnvention This invention relates to a protective filmagent for use in

| aser dicing which applies a |aser beamto a predeterm ned region of a
waf er, such as a sem conductor 10 wafer, to carry out predeterm ned
processing, and a processing nmethod by |aser dicing using the protective
filmagent. 2. Description of the Related Art 15 As is well known anong

t hose skilled_i r r_far Ln i d devi ce
nanufacturingRogF§@§¥g E%%ﬁhﬁﬁﬁﬁﬁnEPg,E%%FEhD§8§§§}§§§ g%%?%sulating film
and a functi eralcEGisImcstvacked osItise THacerRofEATIVENFTCOMAHGENT substrat e,
such as silicon, partitioned by a 20 lattice of schedul ed division |ines,
called streets. Respective regions partitioned by the streets define

sem conductor chips such as B&cBgpbuhdl 68.tHhainvyentonplurality of

sem conduct or chips are obtained by cutting the wafer along the streets. An
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processing method by laser dicing using the protective

film agent.

2. .Description of the Related Art
15 As is well known among those skilled in the art, a
wafer formed in a semiconductor device manufacturing
process has a laminate, which comprises an insulating film
and a functional film stacked on the face of a
semiconductor substrate, such as silicon, partitioned by a
20 lattice of scheduled division lines, called streets.
Respective regions partitioned by the streets define
semiconductor chips such as IC’s or 1LSI's. That is, a
plurality of semiconductor chips are obtained by cutting
the wafer along the streets. An optical device wafer has
25 a laminate, which comprises a gallium nitride-based
compound semiconductor or the like stacked on the face of
a sapphire substrate or the like, partitioned into a
plurality of regions by streets. "When cut along these
streets, the optical device wafer is divided into optical
30 devices, such as light emitting diodes or laser diodes.
These optical devices find wide use in electrical
equipment.
Such cutting of the wafer along the streets is
usually performed by a cutting device called a dicer.

35 This cutting device comprises a chuck table for holding



- 2, the wafer, which is a workpiece, cutting neans for cutting the wafer
hel d on the chuck table, and noving neans for noving the chuck table and
«the cutting nmeans relative to each other. The cutting neans includes a
rotating spindle 5 to be rotated at a high speed, and a cutting bl ade
nmounted on the spindle. The cutting bl ade conprises a di sk-shaped base,
and an annul ar cutting edge nounted on_agzouter peri pheral portion of the
side surface of the base. The cutting edge, for exanple, conprises dianond
abrasi ve 10 grai s rowhi Gh:BAveca0uBineshee, Obyutbengr flen fférn&ut£aﬁ§d to
the outer peripheral portion of the side sufface ase
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thickness of the order of 20 um.
The wafer having the above-described laminated
15 structure is a high brittleness material. Thus, the wafer
has posed the problems that when the wafer is cut into
semiconductor chips by the cutting blade (cutting edge),
flaws, scratches or chipping occurs, causing the peeling
of the insulating film required of circuit elements formed
20 on the faces of the chips.

To avoid the above problems, it is currently
becoming common practice to apply laser light along the
streets prior to cutting with the cutting blade, thereby
forming grooves commensurate with the width of the cutting

25 Dblade (cutting edge), and then to perform cutting with the
blade.

When laser light is applied along the streets of
the wafer, however, the new problem has arisen that the
laser light is absorbed, for example, into the silicon

30 substrate, and its thermal energy leads to the melting or
thermal decomposition of silicon, thus generating a
silicon vapor, etc., which are condensed and deposited on
the faces of the chips. The resulting condensation
deposit (debris) of the silicon vapor, etc. markedly

35 deteriorates the quality of the semiconductor chips.



deposit (debris) of the silicon vapor, etc. markedly 35 deteriorates the
quality of the sem conductor chips. - 3 To resolve the problemdue to
.debris, Japanese Patent Application Laid-Cpen No. 1978-8634 (hereinafter
referred to as Patent Docunment 1) and Japanese Patent Application Laid-Open
No. 1993-211381 (hereinafter 5 referred to as Patent Docunent 2) propose

met hods in which a protective filmconprgsing a water-soluble resin is
formed on a surface of a wafer to be processed, and this surface is

irradiated with |aser Lightvyiand he psatechive o fddp: 40 Agcarding to the
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Thus, even 1f a silicon vapor or the like, which is the
thermal decomposition product of the substrate upon laser
irradiation, scatters and condenses, 1its condensate
15 (debris) deposits on the surface of the protective film,
and does not deposit on the chip faces. Since the
protective film is water-soluble, moreover, it can be
easily removed by washing with water. That is, the debris
on the protective film is washed away simultaneously with
20 the washing of the protective film with water. As a
result, deposition of the debris on the chip faces can be
prevented.
With the foregoing methods, however, it is still
impossible to prevent the deposition of debris completely,
25 and the problem occurs that debris deposits on peripheral
edge portions of the chips, in particular. The following
mechanism may be involved: Upon irradiation with laser
light, thermal decomposition of the substrate proceeds
prior to the thermal decomposition of the protective film,
30  and the pressure of a silicon vapor or the like, which is
its thermal decomposition product, causes voids to be
formed between the protective film and the peripheral edge
portions of the chip faces (in the vicinity of the street
lines) (in other words, partial peeling of the protective

35 film takes place at the peripheral edge portions). As a



chip faces (
«peeling of t

fornmed between the protective filmand the peripheral edge portions of the
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the chip faces. The problemalso exists that the adhesion of
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can form a protective film having high adhesion to the
face of a wafer, and being capable of effectively
preventing deposition of debris on the entire face of
chips, including their peripheral edge portions, in
producing the chips from the wafer by laser dicing, and
also to provide a method for processing the wafer with the
use of the protective film agent.

According to an aspect of the present invention,
there is provided a protective film agent for laser dicing,
comprising a solution having, dissolved therein, a water-
soluble resin and at least one laser light absorber
selected from the group consisting of a water-soluble dye,
a water-soluble coloring matter, and a water-soluble
ultraviolet absorber.

In the protective film agent of the present
invention, it is preferred that

(1) the g absorption coefficient k, for laser
light with a wavelength of 355 nm, of the solids of the
solution be within the range of 3x107® to 2.5x107* abs-L/g
(abs: absorbance); and

(2) the laser light absorber be contained in an
amount of 0.01 to 10 parts by weight based on 100 parts by
weight of the water-soluble resin.

According to another aspect of the present



(2) .the laser light absorber be contained in an anount of 0.01 to 10 parts
by wei ght based on 100 parts by weight of the water-soluble resin. 35
«According to anot her aspect of the present - 5 invention, there is provided
a processing nethod for a wafer, conprising coating a surface of the wafer,
which is to be processed, with the above-nentioned protective film agent
for laser dicing, followed by drying, tofarma 5 protective film and
irradiating the surface, which is to be processed, with laser light via the

protective fEh%h@ioﬁerEHE%DEQCE%éi\z'ﬂgedTerPé9&§§§£89m@§ﬁ88df8£ the present
invention may generally adopt the follomngg measures: 10 (3) The wavel ength
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resin. Thus, rotective fi.lm which is formed on the face of the wafer by
L O rocess
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coating and 8F§|ng t Reé proﬁggfive fil magent, shows high absorption of
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of the prot e8ENFEA¥nPOWRi ERS0LRir S8 dREeP ERB Bréssure of a vapor, etc. of

the theroral deconpa@iti orh@reshiet e@dtit her ststrader Upofht exPosay ext.0 | aser
light, can be effectively prevented. Furthernore, the water-soluble dye,
etc., which are usé&) In the wafer, a plurality of semiconductor

chips partitioned by streets arranged in a lattice pattern

are formed, and the streets are irradiated with the laser

light via the protective film to form grooves.

15 (5) After irradiation with the laser light, the
protective film is removed by washing with water.

The protective film agent for laser dicing
according to the present invention contains the water-
soluble laser light absorber in addition to the water-

20  soluble resin. Thus, a protective film, which is formed
on the face of the wafer by coating and drying the
protective film agent, shows high absorption of laser
light and, when irradiated with laser light, is promptly
thermally decomposed to be laser-processed along the

25 street lines. Hence, peeling of the protective film,
which occurs under the pressure of a vapor, etc. of the
thermal decomposition product of the substrate upon
exposure to laser light, can be effectively prevented.
Furthermore, the water-soluble dye, etc., which are used

30 as the water-soluble laser light absorbers, all have high
affinity for the wafer face. Thus, the adhesion of the
protective film has been enhanced, and peeling of the
protective film from the wafer face, particularly, in the
vicinity of the street lines is effectively suppressed.

35 Accordingly, the protective film is formed by the



30 as the water-soluble |aser Iight absorbers, all have high affinity for
the wafer face. Thus, the adhesion of the protective film has been
.enhanced, and peeling of the protective filmfromthe wafer face,
particularly, in the vicinity of the street lines is effectively
suppressed. 35 Accordingly, the protective filmis forned by the - 6
protective filmagent of the present invention, and laser dicing is
performed by irradiation with laser |light, whereby the deposition of debris
can be effec e e r oug t C d ps. 5
General ly, ggé?£¥t ﬁé %gg%nggekgagg Pﬂgt%£Q$ @g fﬁ%%$?£gﬁse%ﬁgl%g%%rforn1ng
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3xXI O~ to 2. bxk@ehtabisthtgu@hbst tabsﬁabaﬂcej tﬁg docedi agipsini form
pr ocessi can be achle d alon t he ines of fln I|n dth
Bri ef Deggrlptlon o] the\‘lL amnn S H ﬁ%&.% ﬁgga nggsggpgvg V|e§/§komnng a
senlconductonmmaéensmchhmnsp@ﬂfmxﬁmmgidﬁcﬂﬂgawmaﬂeﬁjmpnunessﬂngnﬂethod usi ng
the protectiye film agent of the resent inventi n
enl ar ged secxﬁﬁﬁﬁlﬂ%ggﬁ/th?h@mOEEEI nHﬁ%tg?sﬁﬁfg?ggﬁoﬁﬂs?ﬁbﬁ$(fsﬁd FIG 3
is an expl anati gh-deavbingushowhng ane @n@@%ﬁpﬂio@fc@epm&@@ﬁtw $flm
formation steﬁ in the mafer,EroceSS|n met hod according to_the present

5he

i nventi on. | BFORerE1HR EnlBr JBACsaet i BRaPt viRW 8PCBSsBAtHatClpat®s of
the sem condyet gy neher baykng-a;prptect] veskibm farmed therson by the

protective filmformation ep shown
absorbance) . By so doing, unlform proce551ng can be

achieved along the street lines of a fine line width.

Brief Description of the Drawings

15

FIG. 1 is a perspective view showing a
semiconductor wafer which is processed by the wafer
processing method using the protective film agent of the
present invention.

20 FIG. 2 is an enlarged sectional view of the
semiconductor wafer shown in FIG. 1.

FIG. 3 is an explanation drawing showing an
empbodiment of a protective film formation step in the
wafer processing method according to the present invention.

25 FIG. 4 is an enlarged sectional view of essential
parts of the semiconductor wafer having a protective film
formed thereon by the protective film formation step shown
in FIG. 3.

FIG. 5 1s a perspective view showing a state in

30 which the semiconductor wafer having the protective film
formed thereon is supported by an annular frame via a
protective tape.

FIG. 6 1is a perspective view of essential parts of
a laser processing apparatus for performing a laser light

35 application step in the wafer processing method according



FIG, 5 is a perspective view show ng a state in 30 which the sem conduct or
waf er having the protective film fornmed thereon is supported by an annul ar
.frame via a protective tape. FIG 6 is a perspective view of essenti al
parts of a |aser processing apparatus for performng a |laser light 35
application step in the wafer processing nethod according - 7 to the
present invention. FIG 7 is a block diagram schenmatically show ng the
configuration of laser light application nmeans installed in the |aser
processi ng appatatuprsbewn iAvEhGioh. 5 FIG 8 |s a schematic view for
illustrating the focus _spot dianeter of |aser % FIL.GS. 9(a) and 9(b)
are expl anation drdvihgs of Fhé”‘Fﬁ%éPa@F&Htséﬁﬁ CACRIR Ys CEF YRt hESwaf er

processing gBhhR9duaceendi BY qgsébelﬁgaseapgnm&@ﬂlb@nmeAQsFhﬁgtagléé an
expl anation drawi ng_showi ng the position of |aser |ight appllcatlon in the

| aser |ight lBpplFcadF6h QF@ﬁeéﬁlpﬁeaﬁﬁﬁé?tBFoé@%?Pn@nnﬁiﬁod according to

the present inventiman, Bl Gs Ll dcheahtanr! anged reectinanal raitew gokh%ssentlal
15 parts of the sem conductor wafer showing a | aser-processe groove forned

in the seni céRauét 6PoRarérmeyernet| agepr Light- appllcatlon step in the wafer
processi ng method BGeordjng Eﬁmihﬁkﬂr%§%”%£ﬁTﬂﬂy%ﬂ3ﬁ dta@inkd 0% &Re

enl arged sectional view of the 20 essentlal parts of the sem conduct or waf er
showi ng a st apeeri hl@h’tchppﬂecprt@p@ctsiteé thl ﬁh@ou@éaroprpﬁ@sﬁaﬁ,@ of the

senlconducto&k%@ggragggrﬁggg %%ng B?%%eﬁtpﬁﬂbgﬁEiXE film renoval step in

t he waf er processing net accor resent invention. 25 FIG 13
is a perkpective vikEg.oflesisertri aﬂxgdmaii@fn dar aeuitntoi rsgrodevigc éhfeor per f or mi ng

a cutting St%esﬁ@iggeof laser light application in the laser light
application step of the wafer processing method according
to the present invention.

FIG. 11 is an enlarged sectional view of essential

15 parts of the semiconductor wafer showing a laser-processed
groove formed in the semiconductor wafer by the laser
light application step in the wafer processing method
according to the present invention.

FIG. 12 is an enlarged sectional view of the

20 essential parts of the semiconductor wafer showing a state
in which the protective film coated on the face of the
semiconductor wafer has been removed by a protective film
removal step in the wafer processing method according to
the present invention.

25 FIG. 13 is a perspective view of essential parts of
a cutting device for performing a cutting step in the
wafer processing method according to the present invention.

FIGS. 14 (a) and 14 (b) are explanation drawings of
the cutting step in the wafer processing method according

30 to the present invention.

FIGS. 15(a) and 15(b) are explanation drawings
showing a state in which the semiconductor wafer is cut
along the laser-processed groove by the cutting step in
the wafer processing method according to the present

35 invention.



waf er processing nethod according to the present invention. FIGS. 14(a) and
14(b) are explanation drawings of the cutting step in the wafer processing
.met hod according 30 to the present invention. FIGS. 15(a) and 15(b) are
expl anation drawings showing a state in which the sem conductor wafer is
cut along the |aser-processed groove by the cutting step in the wafer
processi ng nmet hod according to the preseng 35 invention. - 8 Detailed
Description of the Invention (Protective filmagent) 5 The protective film
agent of the present invention conprises a solution containing a

wat er-sol uble resin and a wat er - soluble | aser Ilght absorber The

wat er - sol ubl e resin serkR @ Yf pT § 99 m and is not
limted, if it is a material 10 mhlch can forn1a fil mwhen dissolved in a
solvent, such as water, coated and dried. Its exanples include polyvinyl

al cohol , poIyﬁrﬁyﬁcbyV?ofié@négepé yet hyl ene glycol with 5 or nore

oxyet hyl enie Tecur rirpg WRlck e Ol GLIY BaRpexbdee neMBLaKLee! Luleseson

et hyl cel | ul ose, hydroxypropyl IIquse 15 polyacrylic aC|é pol yvi nyl

al cohol - pol ya@myrn@eacads@l@ékoncepntymmgp@l yyiaytsal eohel r@@ilya@mqfl ic
acid ester blog tegggghx L, lgggrpgkggky%ﬁgbpbe;hese resins can be used

al one or in conbination o two or e. e protective filmformed on the
wafer face in the T2@ Wﬁé@EﬁEQMMhiaﬂn@ﬁimsSEENBSGdSb% washiimg fwirt B wat er
after |aser 9r9§8§§529f15f thng@ge 5 F{éatylgflEh rggggtIVf filmis
taken into cbnsrdsraton; it Perreﬁ o use a resin avi ng on an

et her |ilMkagehdchacahydpoxyk gummpwasnadpetalvgdomp afsoleaaﬁpleucmoéyvinyl
25 al cohol or onethékeg 9 qas {he aforgpentlo eqj wahgr squbIe
resin. This I'§-bacals 8r ¢ §6Fub| gt ts examplesinclude polyvin

alcohol, polyvinyl pyrrolidone, polyethylene glycol with 5

or more oxyethylene recurring units, polyethylene oxide,
methylcellulose, ethylcellulose, hydroxypropyl cellulose,
15 polyacrylic acid, polyvinyl alcohol-polyacrylic acid block
copolymer, polyvinyl alcohol-polyacrylic acid ester block
copolymer, and polyglycerin. These resins can be used
alone or in combination of two or more.
The protective film formed on the wafer face in the
20 present invention is removed by washing with water after
laser processing. If the water-washability of the
protective film is taken into consideration, it is
preferred to use a resin having only an ether linkage or a
hydroxyl group as a polar group, for example, polyvinyl
25 alcohol or polyethylene glycol, as the aforementioned
water-soluble resin. This 1s because a water-soluble
resin having a polar group, such as a carboxyl group or a
tertiary amine, tends to bind firmly to the wafer face
(chip face), and is likely to remain on the wafer face
30 after washing with water. The resin having only an ether
linkage or a hydroxyl group, on the other hand, has
relatively weak adhesiveness, and its remaining after
washing with water can be effectively avoided. In terms
of the washability with water, the polymerization degree

35 or molecular weight of the water-soluble resin used is



resin having a polar group, such as a carboxyl group or a tertiary am ne,
tends to bind firmy to the wafer face (chip face), and is likely to remain
on the wafer face 30 after washing with water. The resin having only an
ether |inkage or a hydroxyl group, on the other hand, has relatively weak
adhesi veness, and its remaining after washing wwth water can be effectively
avoided. In terns of the washability w-th water, the polynerization degree
35 or nol ecul ar weight of the water-soluble resin used is - 9 preferably

lower. |f polywdfwdarsd goh@bet s tlakenlasiagl exaspbe, iist sapehyr®rizzation
degree is preferably of the _order of 300, However, the water-soluble resin
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can be avoided by using a plasticizer (to be described |ater),
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above- menti ongd, Wal &£ 51501 1) 6y 1 €81 flat & Waber 10 soldblssdye feyelg -isol uble
coloring matter, and a water- soluble ultraviolet absorber are used. These
agents are afdtsuatershkapiubliey @l e e whaat agedising pt st iqiSormy in
the protectivg fi eoves. 11h Sﬂﬁ% ighaffinity for the wafer face,
and can form g%é%r%%%%t%% fll-% mg%:)l ghly %Igfher etﬁlt}tto the wafer face.
Furthernore, they ake &bvahntageolsghh ehaorbhei wssdl Ui oasbihaveohi gh
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separation or sedinentation, and can ensure satl ry coating
properti é9. |$okulRle wayer -4 nedtebt ol ases ¢oght imbsortbess;, sarch asvatqri-gnent

5 puesd, Tor SXAIBLE eI L DR BLE S g s oo |
w || be poor,alhakingrtsothlbiecubbdtard oxdvantagdounsly piesdntprotective
uniformly in the protective film. Moreover, they show
high affinity for the wafer face, and can form a
15 protective film highly adherent to the wafer face.
Furthermore, they are advantageous in that their solutions
have high storage stability and, during storage, cause no
disadvantage, such as phase separation or sedimentation,
and can ensure satisfactory coating properties. If a
20 water-insoluble laser light absorber, such as a pigment,
is used, for example, there will be variations in the
laser absorption capacity of the protective film, or
storage stability or coating properties will be poor,
making it difficult to form a uniformly thick protective
25 film.

As the above water-scluble dye in the present
invention, a water-soluble dye is selected, for example,
from among azo dyes (monoazo and polyazo dyes, metal
complex salt azo dyes, pyrazolone azo dyes, stilbene azo

30 dyes, thiazole azo dyes), anthraquinone dyes
(anthraquinone derivatives, anthrone derivatives),
indigoid dyes (indigoid derivatives, thioindigoid
derivatives), phthalocyanine dyes, carbonium dyes
(diphenylmethane dyes, triphenylmethane dyes, xanthene

35 dyes, acridine dyes), quinoneimine dyes (azine dyes,



25 film As the above water-soluble dye in the present invention, a

wat er-sol ubl e dye is selected, for exanple, fromanong azo dyes (nbnoazo
.and polyazo dyes, netal conplex salt azo dyes, pyrazol one azo dyes,

stil bene azo 30 dyes, thiazole azo dyes), anthraquinone dyes (anthraqui none
derivatives, anthrone derivatives), indigoid dyes (indigoid derivatives,

t hi oi ndi goid derivatives), phthal ocyani pg dyes, carboni um dyes

(di phenyl met hane dyes, triphenyl methane dyes, xanthene 35 dyes, acridine

dyes), qui nopgkLuiAg gygg (@%haglggeéyes 10me@%§ﬁén§ygye§@yghiﬁél&fegyes)
net hi ne dyes (cyani ne” dyes, azonethi ne’ dyes) qui nol i ne dyes roso dyes,

benzqu|noneaé9@§thhaenﬁﬁﬁﬁhquPhBﬁéla9e§Yeﬁapﬁ%héP$ﬁ1@éesdyes peri none

dyes, and OtB@ﬁzg¥§§no§eA§5EQeaH@tﬁépﬁ@hHQﬁ§n9ﬂ§sdyQ¥e5n§§h£9991ﬁggét'Ves
for exanple, Food , 02, Food Red

No. 104, FoodvyRed R@rlmgse Roed, ReddNethepedyeFood Yel |l ow NY, Food Yel |l ow
No. 4 tardrazine, ew Ny 31 F Ye u t; Xg gom/FCF
3 Foo§ ot @% u®, NG %%% BQQVErnlfﬁog %%g ¢ IeFéod

Food Orange AM Vermlion Foo ion
Verm | lion hﬁorlexamﬁéed Bboe Red Ho. FaodFEwdeRab N@, F@odFOGﬁe%ﬁdN@o-B,

Food Mel on r n o] Egg,Co re e r t
Vi ewpoi nt OERQQV|ESH§E% glﬁﬁéagg4’e¥§5dhge%xNo Ig%gofggéé ge%eﬁg;orgg1e
ul traviol et &bsdrbelloar Y4, Foodi tatboxyBenzéphenbnezine, Food Yellow

benzophenone 4- car box id,. 2-carboxyanth ui e,
1, 2- naphthaleﬁedléagﬁégyﬁF%%%w N8 % ung ﬁtkaﬁgﬁed?gg(bgoo€l8r§8ﬁ8,A¥{3

naphthathedFoade&ymumlaondNoZ @~ naphdhaéemeﬂlmanb@xylnclFaedacid and
Sal 1. and quIPERhGRYSamiBni - s5PECt ROPBoRe: 21 6. SAPRr ByaPnbRed %sma i
acid sodi um saktn No. 3, Food Melon Color B, and Food Egg Color No.

are preferred from the viewpoint of environmental load,

etc.

15 Examples of the water-soluble ultraviolet absorber
are 4,4’ -dicarboxybenzophenone, benzophenone-4-carboxylic
acid, 2-carboxyanthraquinone, 1,2-naphthalenedicarboxylic
acid, 1,8-naphthalenedicarboxylic acid, 2,3-
naphthalenedicarboxylic acid, 2,6-naphthalenedicarboxylic

20 acid, and 2,7-naphthalenedicarboxylic acid and sodium salt,
potassium salt, ammonium salt, and quaternary ammonium
salt thereof, 2,6-anthraquinonedisulfonic acid sodium salt,
2, 7-anthraquinonedisulfonic acid sodium salt, and ferulic
acid. Of these substances, ferulic acid is preferred.

25 In the present invention, the above-mentioned
water-soluble laser light absorber is used in such an
amount that the desired laser light absorption capacity
can be ensured. If processing is performed using laser
light with a wavelength of 355 nm, for example, the water-

30 soluble laser light absorber is preferably used in such an
amount that the g absorption coefficient k of the
protective film (the solids of the solution) is within the
range of 3x107° to 2.5x107¢ abs-L/g (abs: absorbance). If
this g absorption coefficient k is lower than the above

35 range, the laser light absorption capacity of the



2, 7-,ant hraqui nonedi sul fonic acid sodiumsalt, and ferulic acid. O these
subst ances, ferulic acid is preferred. 25 In the present invention, the
.above- nenti oned water-soluble |aser |ight absorber is used in such an
anount that the desired |laser |ight absorption capacity can be ensured. If
processing is perfornmed using laser light with a wavel ength of 355 nm for
exanpl e, the water 30 soluble laser |ight,absorber is preferably used in
such an anount that the g absorption coeff|C|ent k of the protective film

(the solids gfo ther3okuliion) 1iss W hhinchhe tﬁ@ngﬁeQ%a§Xagcémﬁgsgt§5ﬂo absL/g
(abs: absorbance if this g absorption coefficient k is | ower than the

above 35 rangé, t ﬁepﬁé§§ﬁtPN§hﬁlé@s Vptreadéapaent yish theer iighprotective
filmis so '99@%hébn%@%eEB%QQBEeQQBQWEQ%'EhBBtrQEetEﬁcﬂrﬁgeEE%YgoBl|”‘by

irradiation wth laser light  |ags considerably behind e substrate such as
silicon. AsAa eesgbtultpepkieAgngf ofhéhei Emlandngosonodudueotpheh§ pressure

of a vapof o e N i n t ..to_ 0 nd
debri s {ehds FS FSFm St Eneooaer concra “BagnisorrroRetlr st Ra BRMRectY (e g
absor pti on ceeff rpitefio bcpgrh|@h@rdﬁbamSthenabove fangeatt hbet her mal

deconpositio%egf the Er%%%% ?%%F ohglﬁ%skkésC%g gakeffp%ﬁge even owing to

the reflecti Phraser € substrate upon Taser |ight
application.aBBOSpt1DMecped¢esseng madshhéghbasEhabetbﬂesbbaegeanghan t he

| aser spot di_.ane is 1S |i nSU|t p |cular for
di ci ng al ong ?henggggpsdofogpﬁgﬁtx ? t% at’h. 4 ﬁ ger l'i ght

absorberlointwmesepmmnen@WEnabﬁamgtm@ntWavebémgthlbegbdn1hhermavghength of
| aser |ight _used %elon S s%lect % %nd gsgg‘ 1 lof it snall _
amount enabl &S Fh&"g §H§€Fﬁﬁl &n UG8t FiEEFENt R ERP Fﬁ 28 -abovédescri bed
range to be $©@U®Q@ceb%1h@edﬂm$®roﬁlgﬁ%er becomes larger than the
laser spot diameter. This is likely to be unsuitable,
particularly, for dicing along the streets of a very small
15 line width.

If the laser light absorber, in whose maximum
absorption wavelength region the wavelength of laser light
used belongs, is selected and used, the use of its small
amount enables the g absorption coefficient k within the

20 above-described range to be secured. If the laser light
absorber, which fails to meet this condition, is chosen
and used, it has to be used in a large amount in order to
secure the g absorption coefficient k within the above-
described range. However, if the amount of the laser

25 light absorber used is too large, phase separation may be
caused between the laser light absorber and the water-
soluble resin, when the solution containing it is coated
and dried to form the protective film. If the amount of
the laser light absorber used is too small, the laser

30 light absorber may be unevenly distributed in the
protective film. Generally, therefore, it is preferred to
select the laser light absorber so that its amount used of
0.01 to 10 parts by weight based on 100 parts by weight of
the water-soluble resin enables the g absorption

35 coefficient k within the above-described range to be



absgrber, which fails to nmeet this condition, is chosen and used, it has to
be used in a large anmount in order to secure the g absorption coefficient k
M thin the above- described range. However, if the anount of the |aser 25

| i ght absorber used is too | arge, phase separation may be caused between
the |l aser |ight absorber and the water- soluble resin, when the solution
containing it is coated and dried to fogmthe protective film If the
anount of the laser |ight absorber used I1s too snmall, the laser 30 |ight
absorber maysbg,ypgvenly distributed in the protective film Generally,
therefore, it is preferred to select the laser |ight absorber so that its
anount used of 0. 0D tfHCIPIFHAS By REITGRN  hRSEE ToROTOOUPARNY BYEREPght of

the wat er-s_%ggl sere%go@oeel °9p! Bad9t§9§0wt £00 §§osgeﬁéhewﬂgdk w thin the

above-describ range to be - 12 secure ‘In the present invention, other
conpoundi ng @géearsseanbbe éﬁ§$0laed,lﬁﬁeadbighbnabéorh@rab@nethent|oned

watt ef - sol bl ot gt Brand, | aser oLi G BsELbery.i Ay theq8,s0l Lidon for use as

t he protecti m agent r exanpre, ap asticizer and a surface active
agent can beexampde, Thepphasticéizzer and asedrfacenhahtcect Agenat een be
washabi lity Bgeghe protective filmafter |aser processing. 10 The

pl asticizer IS preferably used, particularly when the water-soluble resin
with a high nol ecuITme Weliagz‘rttidjga,lselds usHue tus enbfanclkee tpleastiteirzer i s al so

advant ageous |nhgg o8 mﬂpﬁug@r%sstggﬁt%a bon%éatl on of the water-soluble

resin due t8°°Frad |at aser ?rso?u%FeprP w189

nDIeculaﬂ)wemgbtpaaspmumdems;pr@teﬁeedbag gHel, appkrastutezey. whes ekanpl es
el ude et vl eue ol ool o Lebeinlone olyegl v fellactiyleng, dxcelyy
The use of the plasticizer is also advantageous in that it
can suppress the carbonization of the water-soluble resin
due to irradiation with laser light. A water-soluble, low
15 molecular weight compound is preferred as such a
plasticizer. 1Its examples include ethylene glycol,
triethylene glycol, tetraethylene glycol, ethanolamine,
and glycerin. These compounds can be used alone or in
combination of two or more. Such a plasticizer is used in
20 such an amount that after coating and drying of the
solution, phase separation does not occur between the
plasticizer and the water-soluble resin. For example, its
recommendable amount used is 75 parts by weight or less,
especially 20 to 75 parts by weight, based on 100 parts by
25 weight of the water-soluble resin.

The surface active agent is used to enhance the
coating properties, and further to enhance the storage
stability of the solution. Any surface active agents of
the nonionic, cationic, anionic or ampholytic type can be

30 used, if they are water-soluble.

Examples of the nonionic surface active agent are
nonyl phenol-based, higher alcohol-based, polyhydric
alcohol-based, polyoxyalkylene glycol-based,
polyoxyethylene alkyl ester-based, polyoxyethylene alkyl

35 ether-based, polyoxyethylene alkylphenol ether-based, and



conbi nation of two or nore. Such a plasticizer is used in 20 such an anount
that after coating and drying of the solution, phase separation does not
.occur between the plasticizer and the water-soluble resin. For exanple, its
recommendabl e anmount used is 75 parts by weight or less, especially 20 to
75 parts by weight, based on 100 parts by 25 wei ght of the water-soluble
resin. The surface active agent is used @ enhance the coating properties,
and further to enhance the storage stability of the solution. Any surface

active agent §o0f,0xt/BenROBHENEGrHEALNKORL Gy ] aBEOBFCHOEcAMBROkYEECatYPReCan be
30 used, if they are water-soluble. Exanples of the nonionic surface active
agent are ndA§RTPhenoraBRSRE, Ohi Yhercal cIhot - Baserre pot yhyRIrdgent are

a'COh0|‘baseQuaE@kMQ%¥abﬁMb%@@m9EMQ@E‘Qﬁéegmin805¥9%¥ethW%éﬁﬁﬂé%l@&
est er - based, Bolyoxye_hylene al kyl 35 et her-based, Eolgoxyethylene .
al kyl phenol &PRerPpased, sandace13ctpyryaggethyrenel sptberanangpryfonic

ester-baspd gurfacgnacthuer agents. ;Examples,0ftheccatkgnig surface active
agent are quaternary anmonium salts and am ne salts. Exanples of the

ani oni ¢ surf @eghaétpusasgent aare cahRyl Behzenasart onixae ks dat anee t hei r
sal ts, alkyl?ﬁERB%k%ﬁgSE%Ef%QEt%ctiqgtQé%h@uégée§miéQQo§%H§EPEQ£EQH@Les'

Exanpl es of | ytic surface active agent are I mdazolini unbetai ne-
based, ani dopeepyl bemadperbayedctandecahpaedi progi emanedibasedosactace active

agents. Cne 855e8rs%r%g%Q;E%EH9% 9 eé?s?“”bﬁ% ﬁPrQD fa LOBSESUSACE: active

agents may be selecte e anoun any such ‘surface actTve agent” may be
several l@nsteb ppnmoresever ahelsendredappnebased egenhe msgl beion. In the

prot et ve {HIGEOERL B0 | ARBL;BLL080" iy LR PSS LAYSRUL AT o
therein, thebe several tens of ppm or several hundred ppm based on the
solution.
In the protective film agent for laser dicing of
15 the present invention, which comprises the solution having
the above-mentioned components dissolved therein, the
solids content in the solution should be set in accordance
with the type, the polymerization degree or the molecular
weight of the water-soluble resin used so that the
20 solution may have moderate coating properties. If the
solids content is too high, for example, coating is
difficult, resulting in a tendency toward an uneven
thickness or entrapment of air bubbles. If the solids
content is low, the solution, when coated on the wafer
25 face, tends to drip, and the film thickness after drying
(thickness of the protective film) is difficult to adjust.
Thus, the solids content (the total content of the
respective ingredients) in the solution is preferably set
at a value of the order of 3 to 30% by weight, although it
30 is different according to the water-soluble resin, etc.
used. The amount of the water-soluble resin in the solids
is generally 5% by weight or more. This is preferred in
rendering the strength of the protective film appropriate,
and preventing the deposition of debris on the chip faces.

35 The solvent for use in preparing the solution,



solids content in the solution should be set in accordance wth the type,

t he pol yneri zation degree or the nol ecular weight of the water-soluble
.resin used so that the 20 solution may have noderate coating properties. |f
the solids content is too high, for exanple, coating is difficult,
resulting in a tendency toward an uneven thickness or entrapnent of air
bubbles. If the solids content is |ow- tlhe sol ution, when coated on the
waf er 25 face, tends to drip, and the filmthickness after drying

(thi ckness ofyrike preoteet iptetdduivd & idinf et offo tad) wstesenthus, the solids
content (the total content E%Ethe respeqtive,ingr?gie@%i) in the solution

i s preferabl y Y& 1Q0 q 7 G SN SIder §Pisht RS0 SHERGRP Sl t hough

it 30 is differemt R0coNd nedio the) Watei--sellublie nesiet, 1elet ausedbethe
amount of the water-soluble resin_in the solids is generally 5% by wei ght

or more. Thi 4SS -er FEETPRSSr BAdEFPNGOLHENEt RERGYRTBF / t ReCPRBtEctive film
appr opr i abe, eyt d)r UeRMIdE IRy dieRosidiion e dplydsy GRddie ghi Rdroes, 35

The solvent for use in preparing the sol ution, ich is the protective
filmagent of2itche gresat JiwfrnfiuRaltgy 5éhgrsSIoférttesn WAt cheRe

af orement i ongd + Wately $OIUBIE & &8l ANGh MRS 0l4bles d aser drightr algsor ber
di ssol ve. Exanpl es of the solvent "are water, alcohols, 5 esters, alkylene
gl ycol s, al kyiertdggladdallafncaligal erdieras ky lasd haltky IParwe vdlepeold ivsdal kyl

et her acetat K dheMe a8t € (gpg 1 J%H% ol npalkky gare
preferred. §§”¥h§3§ﬂﬁyf§h§9%|9%o ngﬁgg%ky Ig%%gr,Tg?ogyFEngrgFgg%?
mononet hyP etdwervgrRGVBE)T it eprvafey resdl 1 rinmardsti preftemedrl@ solxeght for the

wor k environ tVéﬁﬁ\%%ﬁgai¢¥W§;dQ€% | solvent containing water. The
pro [

above-descri be ective agent of the present invention is coated on
t he surface of the Wateabtve-bdesprooedspdotdoriexanple, agdret suf faee of the
wafer to be present invention is coated on the surface of the wafer to
be processed, for example, the surface of the wafer to be
15 processed, where a plurality of semiconductor chips
partitioned by streets arranged in a lattice layout are
formed, followed by drying the coating, whereby the
protective film is formed. The streets are irradiated
with laser light via the protective film to form grooves
20 (carry out laser dicing). The recommendable thickness of
the protective film (the dry thickness of the protective
film agent) is usually of the order of 0.1 to 5 pm on the
streets. The reasons are as follows: Such a surface of
the wafer to be processed has many dents and projections,
25 and the streets are formed in these dents. Thus, 1f the
above thickness is too small, the thickness of the
protective film in the projections is so small that debris
may enter the protective film and deposit on the chip
faces. An unnecessarily large thickness, on the other
30 hand, would bring no particular advantages, but would
cause only such a disadvantage that washing with water
after processing takes time.
An explanation will be offered below for the
processing of the wafer by laser dicing with the use of

35 the protective film agent according to the present



15 processed, where a plurality of sem conductor chips partitioned by
streets arranged in a lattice layout are forned, followed by drying the
.coating, whereby the protective filmis formed. The streets are irradi ated
with laser light via the protective filmto formgrooves 20 (carry out |aser
di ci ng) The recommendabl e thi ckness of the protective film (the dry

t hi ckness of the protective filmagent) jiss_usually of the order of 0.1 to 5
.imon the streets. The reasons are as follows: Such a surface of the
wafer to be proegssed has nmany dents and projections, 25 and the streets are
formed in these dents. Thus, if the above thickness is too small, the

t hi ckness of the

pridt-eck iSAOYS |IBS TRE PG actSord iss SSiIduativat debri s

nmay enter the peot estiicve 1ki bin-ard depesi bceRrhhgcehiPtnf a68SprABent

unnecessarily Iar
particul ar advast

ge t hi ckness, on the other 30 hand, would bring no

¢68- bhEGwodl 8hogause onl§TSe@hsac  early ant aigeot highe

washi ng w th water ; .af LehtRr QEeSHNG ks duilfer AR roxPlanall o wild, he
of fered below for the “processing of the wafer by laser dicing with the use

of 35 the pldrecemieonidumtagent igscar PRyt 41t HECPredeAnd- 215asi Avent i on.
FIG 1 shows g .pensp va%e\‘di"c‘é!n%fuc%&?@hﬁglrs:‘?%@t,grsu\é’ﬁf g5 whigh bh§ 8rocessed

in accordancg wth the present 1nvention. shows an enl ar ge

sectional vi éwlds

sem conduct or

't Bormgdesgent malt rpar torof frhe sedpmondtet 8, wahechshown in

FIG 1. Th ' waf . [ I : I lit f
¢ SRS Ul 2,200 08 el o g, Bl ©

s an orned in a trix form

froma | adi ndtuec2ionsli ¢h Lrcemacdkees can thesdkati Agaf pif measgmaconductor
ci reui t - f ormgg 10 funchi onal hijmstacked anthe fage 20a.of 8.

sem conduct or substrate

Icon or the . The respec

sem conduct orsexhicpsc22 tarre gpands izored bpyrstiteened2dy streets 23

forme

d in a lattice pattern. In the illustrated

embodiment, the insulating film constituting the laminate

15 21 is
film)

a low dielectric constant insulator film (Low-k

comprising an Si0; film, or a film derived from an

inorganic material such as SiOF or BSG (SiOB), or a film

from

polyi
20

an organic material which is a polymer such as
mide or Parylene.

To perform laser processing along the streets 23 of

the above-mentioned semiconductor wafer 2, the first step

is to form a protective film on the face 2a, a surface of

the semiconductor wafer 2 to be processed, with the use of

the aforementioned protective film agent.

25

In this protective film formation step, the

protective film agent is coated on the face 2a of the

semiconductor wafer 2 by a spin coater 4 as shown in FIG.

3. The spin coater 4 is furnished with a chuck table 41

having suction/holding means, and a nozzle 42 disposed

30 above the center of the chuck table 41. The semiconductor

wafer 2 is laid, with its face 2a pointed upward, on the

chuck table 41 and, with the chuck table 41 being rotated,

the protective film agent in liquid form is dripped

through the nozzle 42 onto the center of the face of the

35 semiconductor wafer 2. By this procedure, the liquid



forned in a lattice pattern. In the illustrated enbodinent, the insulating
filmconstituting the lamnate 15 21 is a low dielectric constant insulator
film(Lowk film conprising an Si02 film or a filmderived from an
inorganic material such as SiOF or BSG (SiOB), or a film froman organic
material which is a polyner such as polyimde or Parylene. 20 To perform

| aser processing along the streets 23 aof 14t he above-nenti oned sem conduct or
wafer 2, the first step is to forma protective filmon the face 2a, a

surface of ﬁ?@té@ﬂl@@ngﬂﬁhoég@ﬁfeEl@wEOthaﬁr8ﬁ€§§e§erﬂﬁﬁgr£bep@§€l@ﬁ the
af orenenti oned grotectlve filmagent. 25 In this protective filmformation

step, the pPétERei G8NiFPRTiaGEAE M3febatedn@nrt ARNFAEEURAL of OF fR:

sen conduct of yeteh o2+ RY éaéQ'BfCEQEeEeﬁléénéQQMBr'ﬂaf@gﬁ2 3.7phe spin
coater 4 is furnishéd with a chuck table 41 "having suction/hol di ng nmeans,

and a nozzl el4gudfispssedcB8bvabévent hectent ermefieraecthueratadl eoe The
Se”‘CO”det08r1$@fe&h%rh§¥'Q'gﬁu Eélb%sfiﬁﬁezZawPthéeégyewﬁﬁgs 9p the

chuck table 41 and, w't tab e 41 being rotate e protective
filmagent inhkiquidrfofntid dpi pppd thhoaghesheonokizéesd2eent 83t hes cent er

f the f 5 dyct . , sLhe | d
" 16 pr ot ect VR T Py Shen TTote. P SN ouTS: R Phar ol CEGr 1 b of the

senlconductoshmﬂﬁeinzFﬂﬁdeﬁ centrifugal force, covering the face of the

sem conduct or waf er e X -Eh]l% Jrloq:Lélcdc1WeOtf%G_LH ;é% fiid o%%[%’&t ;IS hmderately

heated to be 5 dr|e protective film h a'thi ckness of the
order ofl@®. 1mhon5rnbﬁthhekﬁess @a bﬁethéreemléamdustofowaédroﬁ the face 2a
of the sem conduc

_ _ g g Ve e S ,pehgwn in L .4 ce 1 r ot ctkve fllm
24 i 5 f or medBr AU EHT S T 16 RanRel SO ERe PacR 29BF2F hb: S8 SonduSt oF vaf er 2
a to the back of the semiconductor wafer 2, as shown in FIG.
5.
Then, the face 2a (streets 23) of the semiconductor
15 wafer 2 is irradiated with laser light through the
protective film 24. This laser light irradiation or
application step is performed using a laser processing
apparatus as shown in FIGS. 6 to 8.
The laser processing apparatus 7 shown in FIGS. 6
20 to 8 comprises a chuck table 71 for holding a workpiece,
laser light application means 72 for applying laser light
to the workpiece held on the chuck table 71, and imaging
means 73 for imaging the workpiece held on the chuck table
71. The chuck table 71 is constructed so as to suck and
25 hold the workpiece, and is moved by a moving mechanism
(not shown) in a processing feed direction indicated by an
arrow X and an indexing feed direction indicated by an
arrow Y in FIG. 6.
As shown in FIG. 7, the laser light application
30 means 72 includes a cylindrical casing 721 disposed
substantially horizontally. Pulsed laser light
oscillation means 722 and a transmission optical system
723 are disposed within the casing 721. The pulsed laser
light oscillation means 722 is composed of a pulsed laser

35 light oscillator 722a comprising a YAG laser oscillator or



protective tape 6 nounted on an annular frame 5 is stuck to the back of the
sem conduct or wafer 2, as shown in FIG 5. Then, the face 2a (streets 23) of
.the sem conductor 15 wafer 2 is irradiated with |aser |ight through the
protective film24. This laser light irradiation or application step is
performed using a | aser processing apparatus as shown in FIGS. 6 to 8. The
| aser processing apparatus 7 shown in EIG3. -6 20 to 8 conprises a chuck
table 71 for holding a workpiece, |laser light application neans 72 for
applying | asgryiboghtaste btbeiwkekpirecenbeldpansté heepbucki babkeeddenand
i magi ng neans 73 for inag%ng t he morgpiece held gon the chuck table 71. The
chuck table 72tF&P8oREEFECl edPsBMREXEE SURkSaRAd St P HE 3 Kpi ece, and
is moved by apfD¥hNgsPBEBANTSM ifBOLAEBOMNLI NaB1 BT O6ES8hNgeiegendi rection
indicated by an arrow X and an indexing feed direction indicated by an
arrow Y in FFECh635A8 BRBMNSPAIEFEL - 7,2 thFUsidet 45%iHic apdl i cation ~ 30 nmeans
72 includes aceyhhbdateal; e8sbRds€211dhsposetlor SURstANt kahbysbarbzoatal ly.
Pul sed |l aser _|ight oscillation means 722_and a transm ssion optical system
723 are di spesBd #FERMAlYheVBaShnfay21tsThé PaI sBd2| %8et ~XIPYRAL SBRREI | ati on
means 722 isjgoppaaedqofracpul sednkasgn 3% Lhghtasghl haior 722a conprising
a YAG |l aser oscillator or - 17 a YVO4 |laser _oscillafor, and a pul se
repetition fréghéncyscseéterrg hrahbe7pRbsafnéxadrt hegbtoosThélaFaasm ssi on
opti cal Systga%g?vp@?' ydes @ <Syit aﬁgefeegggﬁg gkement 7ogugh,aspg beam
splitter. A focusing device 724 5 accommopdati nhg condenser |enses (not shown)
conposed f arahemssassenbbyicahi skisivap 7€sel endeipndareetedkhvem shape, is
mounted at thecfeoph and; ok the Gasing 21ipkasel whioRt ssOREl bl Bhednby the
pul sed | aser 'I'g scrllation

chuck table 71, with a predetermined focus spot diameter D.

The focus spot diameter D is defined by the
following equation, if pulsed laser light showing Gaussian
15 distribution is applied through an objective focusing lens

724a of the focusing device 724 as shown in FIG. 8:

D (pm) = 4xixf/ (mxW)
where A represents the wavelength (um) of a pulsed laser
beam,
20 W represents the diameter (mm) of pulsed laser

light incident on the objective focusing lens 724a, and
f represents the focal length (mm) of the objective
focusing lens 724a.
The imaging means 73, mounted at a front end
25 portion of the casing 721 constituting the laser light
application means 72, is composed'of an infrared
illumination means for directing infrared rays at the
workpiece, an optical system for catching infrared rays
applied by the infrared illuminations means, and an
30 dimaging device (infrared CCD) for outputting an electrical
signal corresponding to the infrared rays caught by the
optical system, in addition to an ordinary imaging device
(CCD) for taking an image with the use of visible rays, in
the illustrated embodiment. The imaging means 73 sends

35 image signals obtained to a control means (not shown).



means 722, arrives at the focusing device 724 via the 10 transm ssion
optical system 723, and is directed fromthe focusing device 724 at the
.wor kpi ece, which is held on the chuck table 71, with a predeterm ned focus
spot dianeter D. The focus spot dianeter Dis defined by the foll ow ng
equation, if pulsed |aser |light show ng Gaussian 15 distribution is applied
t hrough an objective focusing lens 724a71@f -t he focusing device 724 as shown
in FIG 8. D (pm Axnxf/ (7cxW where ?, represents the wavel ength (pn) of

a pul sed | aser beqrne 2Q MWy emgesgergpgaltﬂtetqloalrrette@ Moo cpulcsadd aser
i ght incident on the objective focusing | ens 724a, and f represents t he

focal |engt hUEARP 6PetﬁEOBSTQEFF§ébe?o&é§?ﬁgpF@ﬁ§5?2&3 aPRBTPRHEFI Ag neans

73, mounted gh1a beonkserdpda Rethi earef-chhe €asimg.781la6anstikut bng)the
| aser 1ight gpllcatlon means 72, is conposed of an infrared |Ilun1nat|on

nmeans for di Péeti k§ ilAfrared rays at the workpiece, an optical system for

catching 4 nfrared raysniapplded by Jite dg¥irialed dnl %%@ﬁ“ﬂﬂwgﬁ neans, and an
30 imagi ng device (infrared CCD) for outp uttln% an el ectrical  signal
8

cor r espondi n§efé CPREUCHPrared Srays 16adght By £Rhe CbpEkcaRPdgsténpii hhe
addition to @Qs%&dbgé%ﬁs%qﬂ%'% P%%%%%% 7(S6Bhnf on taking apiipaggewi th the

use of visiblerays, in thé ilfustrated enbodi ment. The’ i magi ng neans 73
sends 35 |naqed§hgwéﬁgeobb§|@e@tﬁ@taveoﬁﬂﬁel2ﬁeaﬁsf9ﬁmﬁd$hbﬁnﬁg - 18 The

laser |1 ght gBth%%t %@a%ﬁ?? Eﬁjfﬁig 59&5@9% nUsifg Lhe; aboyesdescribed

| aser processing a atus described with reference to FIG 6 and
FIGS. 9(®), wefby QOlﬁlatSrBwtﬁwi§0|a@erhbﬂghpnappb|caUpentebép,7ﬂhe

sem conduct og vaher 2 i splaidonthe chuck tapl g, (1,0t Lhe, oroctive
tape 6 1s mounted, is not ehown. However, the annular
frame 5 is held by a suitable frame holding means disposed
on the chuck table 71.

15 The chuck table 71 sucking and holding the
semiconductor wafer 2 as mentioned above is positioned
directly below the imaging means 73 by the moving
mechanism (not shown). When the chuck table 71 is located
directly below the imaging means 73, an alignment

20 operation for detecting the processing zone of the
semiconductor wafer 2 to be laser-processed is carried out
by the imaging means 73 and the control means (not shown).
That 1s, the imaging means 73 and the control means (not
shown) perform image processing, such as pattern matching,

25 for aligning the street 23, formed in the predetermined
direction of the semiconductor wafer 2, with the focusing
device 724 of the laser light application means 72 for
applying laser light along the street 23, thereby
implementing alignment of the laser light application

30 position. For the street 23 extending perpendicularly to
the above predetermined direction of the semiconductor
wafer 2, alignment of the laser light application position
is performed similarly. At this time, the protective film
24 basically opaque is formed on the face 2a of the

35 semiconductor wafer 2, where the streets 23 are formed,



| aser processing apparatus 7 shown in FIG 6, wth the side, where the
protective film24 is forned, being pointed upward. In this condition, the
-sem conductor 10 wafer 2 is attracted to and held on the chuck table 71. In
FIG 6, the annular franme 5, on which the protective tape 6 is nounted, is
not shown. However, the annular frame 5 is held by a suitable frame hol ding
nmeans di sposed on the chuck table 71.-159The chuck table 71 sucking and
hol di ng the sem conductor wafer 2 as nentioned above is positioned

directly belwput ttige i saghay HEa®§n7Bebym&@@d DYt NGl n MELHEdi 58y £ ndtd shown)
When t he chuct table 71 is | ocat directly b | ow t he |nagéng means 73, an

al i gnment 202 b%?%??%nc?%rbﬁeP%E??ﬁ@e?h I%W %%?nﬁhﬁo%%c%f ?he

sem conductor waf enn2the henhasedepreecgssedbbsecathedtoubs by themkangi ng
means 73 and the control neans (not _shown %% That is, the i naglng means 73
and the cont?dl %%aﬁ%m{ﬁ%?dHEEBRnyaﬁ%Ff%r }age ProceRefhgtabstcht aks

pattern mat chingdet 28, f@rdat hgning hﬂﬂ@nﬁté@e&h@&aé@f nedghf 4be1 pegdeder m ned
direction of the senlconductor ma? 2, with the focusing evice 724 of the

laser |ight BPPIFEERi of FRBRSCF 205y U AP Jedsan 197gml 19T trhe street

23, thereby cjhaptenertinglal ygnmenhopbathe £a§§§ef'gbéh@DQ%%Pﬁéé@Do§o
position. For the street 23 extendlng per pendi cul ar | e above
21|

predet er mi nedodereeerontbe fAEUSERPC H@?0724w%fe?h9 lasegnaedtt of the

| aser |ight Qpﬁiiééﬂeﬂ 199§h5'@9 bslBééigéﬁegssémdzﬁfiﬁ( r. té‘# yLinme, the
protective fi 24 basically opaque is formed on the face 2a of the 35

senlconddbtoInméh@rlasemhbléhthQPEﬁE@@tSOQ3ZQm%If@mﬁeﬁnd l@ftb@mdth@ street
above the fabei2a | ACt R mRaneT HeLer Bed-hover tha BUrser 38 formed  on
t he sen1conddcrﬁcthmfbleWhEhd bncthénghdekitabled 7afi she laser light
application means 72. With pulsed laser light 725 being
applied from the focusing device 724, the chuck table 71,
15 namely, the semiconductor wafer 2, is moved at a
predetermined feed speed in a direction indicated by an
arrow X1 in FIG. 9(a). When the application position of
the laser light application means 7 reaches the position
of the other end (right end in FIGS. 9(a), 9(b)) of the
20 street 23, as shown in FIG. 9(b), application of the
pulsed laser light 725 is stopped, and the movement of the
chuck table 71, namely, the semiconductor wafer 2, is
terminated.
Then, the chuck table 71, namely, the semiconductor
25 wafer 2, is moved by about 10 to 20 um in a direction
perpendicular to the sheet face of the drawing (i.e., in
the indexing feed direction). Then, with pulsed laser
light 725 being applied from the laser light application
means 72, the chuck table 71, namely, the semiconductor
30 wafer 2, is moved at a predetermined feed speed in a
direction indicated by an arrow X2 in FIG. 9(b). When the
laser light application means 72 reaches the position
shown in FIG. 9(a), application of the pulsed laser light
725 is stopped, and the movement of the chuck table 71,

35 namely, the semiconductor wafer 2, is terminated.



5 det ect ed,
carried out.

and the alignnent of the laser |light application position is
Upon conpl etion of alignnent, the chuck table 71 is noved to a

laser light application zone where the focusing device 724 of the |aser
light application neans 72 is |ocated, as shown in FIG 9(a). 10 In the

| aser |ight application zone, one end (left end in FIG 9) of the
predeterm ned street 23 is positioned dixectly below the focusing device
724 of the laser light application neans 72. Wth pul sed | aser |ight 725
being applied fromg h@eé@@i@écﬂlga}ﬁi@\\v’é,cajﬂr?ﬂigtﬂ}ﬁé chgiotaddeidd, 15 nanely,
t he sem conductor wafer_2, is noved at a__predeterm ned feed speed in a

direction i n&fioé’ﬁn@dltbffaﬁhearcrhdkaItaikﬂeFﬂé FearlywhéRe ﬁ@“&ﬁﬁrﬁd@&ﬁo&n

position of

Wdre d asercrld ghtl applifaid an arv@57 ilseaghas cdhe pesict i on  of

the other end (ri ht end |n FIGS. 9(a), b)) of the 20 street 23, as shown
in FIG 9(b),s Catri 6 o e £ Opﬁﬂssé(ﬂ’q ér i gHt orEsnits Wﬁt@pﬁét?asand t he

nmovenent of the trEhusleitrallie oAl canglper the sl eenduet ek reafter 32, the

t er m nat ed.

Then, the chuck table 71, nanely, the sem conductor 35 waf er 2,

i s moved by aRARLIIED REFVERIME ' & i dHideT tﬁ’é‘r“p ¢iddah 14 the sheet face
of the draw ng,ddig bidte Lhe inexd Ng fioed didsoti oy sndhenn Wid, pul sed
| aser light 725 being applied fromthe |aser |ight application neans 72,

the chuck table 71, Thane?§er t heglentrhottt o?n 300 Siaf ey Qerf%rmedf%ﬁ a
redet erm ne X2 in FIG
p d. f %ﬁ%sér eLﬁ'IQi A tthe dfcflefév& ng;zgﬂ 723‘3?1 ¥ YR QW

9(b). Wen the
in FIG 90a),

t application aches t e position shown
appl! i%amrm of lﬁ@e-‘puls@dti aséiod ilgister 725 YA dtegysyed, and t he

novenent of the Chuﬁé‘véf‘?ﬁﬁ% % ngpely, the sem conductor wafer 2, is
et a ove,

t er m nat ed.

- 20 As deéescr during the reciprocating novenent of

the chuck table 71, Punasel yepthet seni ﬁm@mru@y: 50 to 100 kHz
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Output: 0.3 to 4.0 W

Focus spot diameter: 9.2 um

Processing feed speed: 1 to 800 mm/second

By performing the above-described laser light
application step, a laser-processed groove 25 having a
larger width than the width of the cutting blade (to be
described later) 1is formed along the street 23 in the
laminate 21 of the semiconductor wafer 2 where the street
23 has been formed, as shown in FIG. 11. The laser-
processed groove 25 reaches the semiconductor substrate 20
to remove the laminate 21. When, in this laser light
application step, the pulsed laser light 725 is applied
via the protective film 24 to the laminate 21 having the
street 23 formed therein, thermal decomposition of the
protective film 24 occurs nearly simultaneously with (or
prior to) the thermal decomposition of the laminate 21 and
the semiconductor substrate 20, since the protective film
24 has a high laser light absorption capacity. As a
result, film rupture takes place at the site of laser
application. That is, the protective film 24 becomes the
starting point of processing. After the starting point of
processing is formed in the protective film 24 in this

manner, or nearly at the same time as the formation of the



wafer 2, the pulsed laser light 725 is applied to the street 23, with its
focus spots P in alignment with areas 5 in the vicinity of the upper surface
.of the street 23, the spacing between P's being wider than the width of a
cutting blade (to be described later), as shown in FIG 10. The |l aser |ight
application step is perfornmed, for exanple, under the follow ng processing

condi ti ons:

10 Source of laser light: YVO4 laser or YAG | aser Wavel ength:

355 nm Pul se repetition frequency: 50 to 100 kHz Qutput: 0.3 to 4.0 W Focus
spot di amet egtad: Zng XPo 15t Pé@gﬁ§§t@§siﬁ§ﬂ sweetimind € 800 amd second By

perform ng the above-descri be

| aser |ight application st

{ ep, a .
| aser - pr ocesSTH Groove-25 FavPhEaae T ardet Hﬁ?ﬁ?ﬁ%@%ﬂPYrﬁPEé&ﬁ?F%ﬁnt%%

cutting bl adend t@ubecqdessstbedghater). i sHer,medalorg ddhe wtreety 23 in the
20 lam nate 21 of the sem conductor wafer 2 where the street 23 has been
fornmed, as showrr§vertes faomTheingseeclf oebsswrrieyf oove 5efeache’t the
sen conduct Of 5 SHPSEF at e 20nctPal CHBYENLHS: § Ao Nt &1 2d: Mhemne i N Std aser
l'ight application step, the pulsed laser light 725 is applied 25 via the
protective f#1mP24thd seeitandpater23uhaiiabe the. dtare& Z3< ormed therein

t hermal deco L1 of £t o] i fi 4 u :
§€B§é% Pbn &f @@brpg 5§E%e¥$ﬁé¢%%}ghe9§f é&g@?ﬁéfylon of

si nul t aneous

W (or prior to) t

deconposition of the |am nate

21 and the se@i sondoerducsobsthabpe220dusi heesthle peotecyi v& thém 30 24 has
a high laser_|j o] i.oR,C city - i rupture takes
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pl ace at th
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I me as r I on of
high that the peeling of the protective film 24 during

processing, for example, minimally occurs. Consequently,
the deposition of debris due to such peeling of the
protective film 24 is effectively avoided. That is, as
shown in FIG. 11, since the above-mentioned protective
film 24 is formed, debris 26 deposits on the surface of
the protective film 24, and does not deposit on the
semiconductor chips 22. Accordingly, deterioration of the
quality of the semiconductor chips 22 due to deposition of
the debris 26 can be avoided effectively.

After the laser light application step is carried
out along the street in the above manner, the chuck table
71, accordingly, the semiconductor wafer 2 held thereon,
is indexed by a spacing between the streets in a direction
indicated by an arrow Y (indexing step), and the laser
light application step is performed again. After the
‘laser light application step and the indexing step are
performed in this manner for all the streets extending in
the predetermined direction, the chuck table 71,
accordingly, the semiconductor wafer 2 held thereon, is
turned 90 degrees. Then, the laser light application step
and the indexing step are performed, as above, along each
street extending perpendicularly to the above

predetermined direction, whereby the laser-processed



starting point of processing, the lamnate 21 and the sem conductor
substrate 20 are processed by application of the pulsed |laser |ight 725.
.Thus, the protective film24 is prevented from being peel ed off under the
pressure of a 5 vapor of the thermal deconposition product of the |am nate
21 or the sem conductor substrate 20. Hence, the deposition of debris onto
t he peripheral edge portion of the sem g¢onductor chip 22 due to such
peeling of the protective film24 can be effectively prevented. 10

Further nore, g-hevadhesi eanobet ff_r@rweat eat hve thkms24etesthe rwaien fiace 20a
(face of the sem conductor chip 2 is so high that the peeling of the

protective fFPﬁ]Qﬁm&GPPQQCtBFo¥é§§Fn§ for exanple, minimally occurs.

Consequent |y, the 1deROSidiiIQN, Oft rdebrdrswdue J0 tSuUch Reelding eofr itie 245
protective film24 is effectively avoided. That is, as shown in FIG 11,

since the ab6P8LRENPNOREE PpREFedFi ¢é thEl AEPACPEIREEREdY2A8Er PsSPBCHeposi ts

on the suwfagg @he b%t@ee&%t ‘t\é%ef gl %%ﬂteéngnd9ﬁ§ Aghudeposirbnanst he
sem conduct or chi ps 22. Accord %’é deterioration of the 20 quality of the
asit ir

seni conduct oF&hit §52?réﬁécﬁévée 6ACcHRL EhePdebPpsPPeteshliBe Avonrded
effectively. JAfter ‘o'%ew|a%%%6 'o'f&hhl%lﬂpkv cati QBrSB%E bvét‘é?”'a%‘dshe% %0”9

the street in the above manner, the c uck table 71, accordlngly
semi conduct o Iwaf ér, 2bﬁ@ﬁésﬁhéb@o@rOZEC¢SVEnﬂek@d26yhassba@hnéobéﬁﬂeen t he

streets in aclifecti OQateQd's%%%‘iebX %Enagfc%’ Sehb d‘éé}ntﬁék%p}Ls gndot he

| aser |ight ‘application step is fored agarn. Af | aser |ght
appl i cati®n wﬁ@praﬁ@lmbéelmdeﬁlmga$ﬁdpeaméleperfb¢nem1$ntiMes weener for al

2coor di ngl v. LG SentcShdia ol Mol I oharalt Aor Sofc TReect diFed o0 door ces.
Then, the Iaséprbm@htlappﬁldaEeanlsgem agpdithéibndexepgist epsar eapeefior ned,

as above, al gng.eagh, s{Legl (ext¢ndl.ng.perpendiculari y to,Lhe gboye
removal of the protective film 24 can be performed very

15 easily.

After the protective film 24 is removed in the
above manner, a cutting step is performed for cutting the
semiconductor wafer 2 along the laser-processed grooves 25
formed in the streets 23 of the semiconductor wafer 2.

20 This cutting step can be carried out using a cutting
device 8, which is generally used as a dicing device, as
shown in FIG. 13. The cutting device 8 comprises a chuck
table 81 equipped with suction/holding means, cutting
means 82 furnished with a cutting blade 821, and imaging

25 means 83 for imaging the workpiece held on the chuck table
81.

The cutting step to be performed using the above-
described cutting device 8 will be described with
reference to FIGS. 13 to 15(a), 15(b).

30 The semiconductor wafer 2 deprived of the
protective film 24 is laid on the chuck table 81 of the
cutting device 6, with the face 2a of the semiconductor
wafer 2 being pointed upward, as shown in FIG. 13. 1In
this condition, the semiconductor wafer 2 is held on the

35 chuck table 81 by suction means (not shown). The chuck



35 predeterm ned direction, whereby the | aser-processed - 22 grooves 25 can
be formed in all the streets 23 formed in the sem conductor wafer 2. Then
Afollows the renoval of the protective film24 coated on the face 2a of the
sem conductor wafer 2 stuck 5 to the protective tape 6 nounted on the
annular frame 5. For this protective filmrenoval step, the protective film
24 can be washed off with water (or hot water) as shown in FIG 12, because
the protective film 24 has been formed fromthe water-soluble resin (the

ot her Conponeablbseal§gck9n@ab@e-ﬁ@ha@hg)thasséﬁ@&@ﬁda@tbkewafé& pbhis tinme,
the debris 26 on the protective film?2 ener at ed durlngathe

aforenentlon@@sFéé@PeﬂlQﬁfeéﬁéW|Péﬂpﬂntéﬁebmﬁglagsﬁeﬁﬁ§h bywaymardAg with

the protectiyechbhisA4.(nbs shewn)here, renoval of the protective film 24
can be perforned very 15 easi ly. After the protective film24 is renoved in

the above manner, "ASCufiitngstedp GaPlferfloriifed ocEit sCutditfg ttlve Pelow

Se”‘CondQ9t0Eh@aEﬁéan§|ﬁ@gn%h%3|a%%ra@&@ﬁﬁ%ﬁ@dogé99¥§§n2§orfQEHBchH the
streets 23 of the sémiconductor wafer 2. 20 This cutting step can be carrled

out using a éu@@nﬁgofdébﬁcée@lC@ﬁﬁ@ﬁtp§ yeherakl yousedcas asdrarrgedevi ce,
as shown ing Ekcb¥}§thQﬁa5Ehb'%%aﬂ%v%§eaﬁdCQBHEk§§SméaﬁBUQKottéﬁbﬁnﬁl

equi pped with suction/holdi'ng neans, cutting neans 82 furnished wt
cutting bIad§h821lSanﬁhEna@ﬁ@gDQSmﬁeaﬁs883aﬁdrthﬁagpngrpﬁemﬂéﬂﬁplEQé hel d on
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descri bed cu vice escrl ererence
15(a), IH(b)fosothgnseglcbﬁda¢m@etwéﬁerf@IMeprﬁmedhefpthéetpmmueeﬂlve film

241 laid onthe chyck t aple Bh:0briee ULLENY 9eVigerbend Hl:Lhg,f ace 2a

of the seniconduct
blade 821 for cutting the semiconductor wafer 2 along the

laser-processed groove 25, thereby implementing alignment
of the cutting zone. For the street 23 extending

15 perpendicularly to the above predetermined direction of
the semiconductor wafer 2, alignment of the cutting zone
is performed similarly.

In the manner described above, the street 23 formed

on the semiconductor wafer 2 held on the chuck table 81 is

20 detected, and the alignment of the cutting zone is carried
out. Upon completion of this alignment, the chuck table
81 holding the semiconductor wafer 2 is moved to a cutting
start position in the cutting zone. At this time, the
semiconductor wafer 2 is positioned such that one end

25 (left end in FIGS. 14 (a), 14(b)) of the street 23 to be
cut is positioned rightwardly, by a predetermined amount,
of a position directly below the cutting blade 821, as
shown in FIG. 1l4(a). The semiconductor wafer 2 is also
positioned such that the cutting blade 821 is located at

30 the center of the laser-processed groove 25 formed in the
street 23.

When the chuck table 81, namely, the semiconductor

wafer 2, has been brought to the cutting start position in
the cutting zone, the cutting blade 821 is moved downward

35 in a depth setting motion from a standby position



waf er 2 being pointed upward, as shown in FIG 13. In this condition, the
sem conductor wafer 2 is held on the 35 chuck table 81 by suction neans (not
-shown) . The chuck - 23 table 81 sucking and hol di ng the sem conduct or
wafer 2 is positioned directly below the imagi ng neans 83 by a noving
mechani sm (not shown). Wen the chuck table 81 is |ocated directly below 5
t he i magi ng neans 83, an alignnent operat:2on-for detecting a zone of the
sem conductor wafer 2 to be cut is carried out by the inmaging neans 83 and
control neansirdioiatsdvisy) .dodihlad - dst tddiechatagi nighareans B35 and tdhie cand r ol

means (not sho rfarm.i e_process such, as pattern matching, 10
for al t oni ng Tne B Pt BP LRy el T o bt rave s GHaetRIh BF ¢ he
sem conduct orinvaferted by tdolhe Tids ngh Ai@del B8Rl f orhdut tindgehe

sem conductor_wafer 2 along the

| aser - processed grpov 5, thereb
ol oot i ng RS UtES 1ok Mt iy Sine O T & s SE eeidnding 15
per pendi cal arpyad® dde whovee Preget er ot e wi regdd o ofuck e semd ganduct or
wafer 2, alignment of the cutting zone is perfornmed simlarly, In the
nmanner descri%dt%eoo?/eé‘}l‘f‘?féy%?? tw?%e¥o§rw£6 %i?‘”frhe”’se%%on]d%@lbra fer 2
hel d on the chuck 1sbde. 81 is 20 detected, and the alignment of the cutting

zone is carried out. Upon conpletion of this alignnent, the chuck table 81
hol di ng the seni condbePor thaf ert3ing heoed Polaleureragedseare position in

the cutting zoREje Al ri Sy tFIBat {H8a1 SEHE LONAUL OTndvediBici? 4 S ROsit i oned
such that one end 25 (left end in FIGS. 14(a), 14(b)) of the street 23 to be

cut is pedititaerlyi gt ANYCOBYUEE F eerter M el MR 2t &f a position
directly bel owdhe cutiidy Bhaden§2dee@SspshoWh D H G cdbod @ngi g _
sem conductor  wafer 2 is also positioned such that the cutting blade 821 is
| ocated at 300Y hencamied Hf ihel'T@seld prbcedbed Fheovwduzs frgomed 8iln t he

namely, the semiconductor wafer 2, comes to such a
position that the other end (right end in FIGS. 14 (a) and
15 14 (b)) of the street 23 is located a predetermined amount
leftwardly of the position directly below the cutting
blade 821, as shown in FIG. 14 (b), the movement of the
chuck table 81, namely, the semiconductor wafer 2, 1is
stopped. By so feeding the chuck table 81, namely, the
20 semiconductor wafer 2, for feeding, a cut groove 27
reaching the back of the semiconductor wafer 2 is formed
along the laser-processed groove 25 formed in the street
23, whereby the semiconductor wafer 2 is cut, as shown in
FIG. 15(b). In this cutting step, only the semiconductor
25 substrate 20 is cut by the cutting blade 821. This can
prevent the peeling of the laminate 21 which is caused by
cutting the laminate 21, formed on the face of the
semiconductor substrate 20, by the cutting blade 821.
The above-described cutting step is performed, for
30 example, under the following conditions:
Cutting blade: Outer diameter 52 mm, thickness 20 um
Rotational speed of cutting blade: 30,000 rpm
Cutting feed speed: 50 mm/second
Then, the cutting blade 821 is brought to a standby
35 position indicated by dashed double-dotted lines in FIG.



street 23. Wien the chuck table 81, nanely, the sem conductor wafer 2, has
been brought to the cutting start position in the cutting zone, the cutting
.bl ade 821 is noved downward 35 in a depth setting notion froma standby
position - 24 indicated by double-dotted chain lines in FIG 14(a), and is
t hereby brought to a predeterm ned infeed position as indicated by solid
lines in FIG 14 (a) . This infeed positison is set such that the | ower end
of the cutting 5 blade 821 reaches the protective tape 6 stuck to the back

of the semi condugtoenwatee 2huak shewe ign, Fhémeld(arnandemkkonakata)y. Then,
the cutting blade 821 is rotated at a redetern1ned rotational s ee and
the chuck tabPecg1?: 16 W&N@ﬁylntﬁed§éﬁFééﬁ8u&P89CﬁéF§rb§ afs AFBPEdRAt a

predet er m nedncutrtci. ng sfeed uspeaed iith i@ diekeehie@ntbndheabed i thynaBhawhow X1 in
FIG 14(a). V%en the chuck table 81, nanely, the sem conductor wafer 2,

comes to suchPafifositilén - thEPePhetB?h%?u%%dt%?%%h%lenﬂam%lﬁlGEP614(a) and

15 14(b))sof she shueeto23wiagdrocat ed Qn@%@@@tebg‘ aed ;appuat  leftwardly of
the position directly bel ow the cuttlng | ade 821, as shown in FIG 14(b),

the movenent SOFTEREONERTEK tPaBINE PAHATEPPLVERS $6R1 E6AEEEE0P water 82, s
StOpped By %9r%%QQbﬁgp%Q%eQQHQKuk@bE% 8le @%@%EVﬁaEQe1%0t%%”69%%9H%tOr

wafer 2, for feedin a cut groove 27 reaching t
sem conduct or(ingf-er 12 & fodeed ndalieeg thgecasen pr vbessdy §heov&r2stf or med

in the streetys 23, jwhereby the ;sem col %CE%rtW%fg% %th%nc%gpo%%dsQBW“ | n

FIG 15(b). I'n this cutting step, only the semc uct or substrate 20 is
cut by the cuihte egthliade b82te Biils cHhenpregeatrehe peetdngeofut heekam nate

whi ch f h f th
et conduct of SUBSTTALE 20" by 1 N C LG Bl A58 o the GuctiR?t (N8

blade 821, the above -described cutting step is performed.
The foregoing cutting step is performed for all the
streets 23 formed in the semiconductor wafer 2. As a

15 result, the semiconductor wafer 2 is cut along the laser-
processed grooves 25 formed in the streets 23, and is
thereby separated into individual semiconductor chips 20.
In the cutting step, cutting is carried out, with cutting
water (pure water) being supplied. Thus, the protective

20 film 24 can be removed by cutting water supplied, without
the need to provide the aforementioned protective film
removal step individually. As noted here, the cutting
step may be performed while concurrently serving as the
protective film removal step.

25 While the wafer processing method of the present
invention has been described based on the embodiments in
which the semiconductor wafer is divided, it is to be
understood that the present invention can be applied to
various types of laser processing for other wafers. For

30 example, the present invention can be applied to the

division of optical device wafers.
Examples

35 The specifications for the laser processing



The ,above-descri bed cutting step is perfornmed, for 30 exanple, under the
follow ng conditions: Cutting blade: Quter dianeter 52 mm thickness 20 m
-Rot ati onal speed of cutting blade: 30,000 rpm Cutting feed speed: 50

mm second Then, the cutting blade 821 is brought to a standby 35 position

i ndi cated by dashed doubl e-dotted lines in FIG - 25 14(b), and the chuck
tabl e 81, nanely, the sem conductor wafewr 2, is noved in a direction
indicated by an arrow X2 in FIG 14(b) until it is returned to the position
shown in Fl gppi4taps Tbed, ihhehehwek 1babhe 8kampasel yret he Sosesiveonduct or

wafer 2, is indexe by an unt_ .corresp ing to the spaci ng between the
streets 23, in a %Orué%:ﬁ Gf%%&lﬁﬂ r ?ggﬁh 2sfitet face in the draw ng
(i.e., in an indeximgdieed ol regtbon)y, whereby the street 23 to be cut next

is brought to the position opposed to 10 the cuttin | ade 821. Wen the
street 23 to be cutp“ﬁé?t r e I'oEREP At thé Egsgpsog%pposed to the

cutting #blade 821, odthaitabovesdescribed cutting step is perforned. The
foregoing cutting step is performed for all the streets 23 fornmed in the
senm conduct or waf erfCUSASPY U S amqiiqr . t ReZsBMi conduct or wafer 2 is cut

along the laser- proocessed gf oaues gredpr medibngbbemglceebsd23, and is
t hereby separated into individual sem conductor chips 20. 1In the cutting

step, cuttindE¥eém@afriléd out, with cutting water (pure water) being

supplied. Thus, the proleetd Mee 20 fi 14842t can e rmovgd Ry cutting water
supplied, without the need to provide the aforenentioned protective film
removal 5% ep CoR@oviidaan yasApreeeégdiere, the cutting step may be performed

whil e concurrently jsgruing ag,the..proteehi ye filmrenoval step. 25 Wile
t he waf er processing net hod1 of the present “invention has been descri bed

based on t he enbodi nents Palyvinyl alcohol having a saponification
degree of 88% and a polymerization degree of 300
Water-soluble laser light absorber: 0.2 g
15 Ferulic acid
Water: 80 g
g absorption coefficient k of the solids = 1.56x107"
The above protective film agent was coated on a
silicon wafer by a spinner, and dried to form a protective
20 film having a thickness on the street of 0.5 to 1.5 um.
Then, the silicon wafer having the protective film formed
thereon was mounted on the laser processing apparatus
complying with the above specifications, and was subjected
to laser processing. Then, the protective film was washed
25 off with pure water, and the surroundings of the laser
scans were observed. Bulges of the edge areas were
observed, but no deposition of debris on the surroundings
was noted. Thus, the silicon wafer was at a usable level.
The width of processing was comparable to the laser spot
30 diameter without having influence from the thickness of
the coating film.
(Example 2)
A protective film agent was prepared in exactly the
same manner as in Example 1, except that the amount of

35 ferulic acid, a water-soluble laser light absorber, was



whi ch the sem conductor wafer is divided, it is to be understood that the
present invention can be applied to various types of |aser processing for
ot her wafers. For 30 exanple, the present invention can be applied to the
di vision of optical device wafers. Exanples 35 The specifications for the
| aser processing - 26 apparatus used in the foll ow ng exanples are as
follows: Source of laser light: YVO4-laSer Wavel engt h: 355 nm Pul se
repetition frequency: 50 to 100 kHz 5 Qutput: 0.3 to 4.0 WFocus spot

di anet er: 9cBangPrdocessi. Agaf.eethspeeabsdrpol GO0comt Seconde K Exanpte 1) A

protective agent of the foll ow 10 conpositio _pr epar ed:
vater-solubFSHFg ? 8 g PBYIEFGithyF gg&BhBPeHEVWﬁé é'gégﬁﬁification degr ee
of 88% and a pol ymsmnzgattllmﬁ ategree o raft 314 veWftidm sajeuhl, e a asert ddtghte

absorber: 0.2 15 Ferulic acid Wate 0 absorption coefflclent k of
the solids éli%5§§Y6n? aTﬁ§l§58€§Sp95tgc§ 98 g?Fn? gﬁ? fBs3cdatedobn a

silicon saf eafby ansphaneémeaﬁdn@@medstan!RamplérmteCIa§§x20 filmhaving a
t hi ckness on the street of 0.5 to é.S m . Then, the siIicoB mgfer havi ng t he
protective PFPAEFSLREdVEEhEFESHTHES ABuktbEdSeRet RENPESer 2BFotBEsi ng

apparatus eegpkytAgewrt hnt he sakakecsipegif keahi QRS e randopesSrsabi @cted to
| aser processing. Then, the protective filmwas washed 25 off w. th pure
water, and th& SUFFSURELRGS 8§ the I'4S6F SSeRAs Wer&lolaer Pede Bl §BS of the

edge areas WeRE manner as in Example 1, showed no deposition of

10 debris. The width of processing was slightly larger than
the laser spot diameter, but the silicon wafer was at a
usable level.

(Example 3)

A protective film agent was prepared in the same

15 manner as in Example 1, except that polyvinyl alcohol
having a saponification degree of 75% and a polymerization
degree of 500 was used as the water-soluble resin. The g
absorption coefficient k of the solids of the protective
film agent was 1.56x107' as in Example 1.

20 Using the above protective film agent, a protective
film having a thickness of 0.5 to 1.5 um was formed on a
silicon wafer in the same manner as in Example 1. Laser
processing was performed in the same manner, and the
protective film was washed off with water. Observation of

25 the surroundings of the laser scans, which was made in the
same manner as in Example 1, showed no deposition of
debris. The width of processing was comparable to the
laser spot diameter without having influence from the
thickness of the coating film.

30 (Example 4)

A protective film agent was prepared in exactly the
same manner as in Example 3, except that a water-soluble
monoazo dye (AIZEN SWTW3, Hodogaya Chemical Co., Ltd.) was
used, instead of ferulic acid, as the water-soluble laser

35 light absorber. The g absorption coefficient k of the



observed, but no deposition of debris on the surroundings was noted. Thus,
the silicon wafer was at a usable level. The wdth of processing was
.conparable to the | aser spot 30 dianeter w thout having influence fromthe

t hickness of the coating film (Exanple 2) A protective film agent was
prepared in exactly the sane manner as in Exanple 1, except that the anount
of 35 ferulic acid, a water-soluble |asepglight absorber, was - 27 changed
to 0.8 g. The g absorption coefficient k of the solids of the protective

film agent w@§1§d§15k0tﬁe UsbRacthecabove prehectby¥erfblkmagent, a

rotective filmhav th| kness of formed on a silicaon
3afer in the sane Pt %% ﬁﬁ%&eftlfgsggiﬂr§@§§glné'ﬁﬁ? éFFBFned in

the same mangeny aadlhgea BthQﬁ%h%eoEIb”Bmﬁé washgd 95& Pht-ReWaber a
Observation of . the surroundi ngs of the | aser scans h was nade in the

sane manner &slPACBExHAPFE 1P SHEWEG™Ro™MABPSESI £Fon o in@p 8bris. PP wi dth of

processi g W@%o&bb@ﬂthwbérg@&fbﬁﬁﬁd Eheth§5§5m§pﬁénﬁé§n9568 thyt the
silicon wafer was at a usa | evel anple 3) A protective film agent
was prepar edPFRTEREIEEMEL L T5 VRgEn s &S PﬁfE%éﬁbl@aierexc%ﬁﬁe¥Y%ﬁl%%l® i nyl

al cohol  havipg %u%%BQHBEhﬁétb@ntﬁégﬂgglesZQﬁ%a”QhﬁcHkageﬁbé@thQ”tthgree
of 500 was used as the watér-soluble resin. g absorption coefficient k

of the solidsapg Wﬁénﬁﬁoﬁécﬂpvgxaﬂpﬂﬁ1égeﬁbow&é 1056%2051tasni AfExanpl e 1.
20 Usi ng thed@B?YE pr@ﬁ§c%ia€hfb%”b§888§51@gpw&%e@&mﬁﬁkagié”% aving a

t hi ckness of .5 mwas forned on a [icon wafer 1 n the same manner
as i n Exkhpl éaieer@@t dpﬁ@@é@@ Wgt\h@sltpélaff@flge@inifhuﬁhéeséﬂf@mrréhﬁer, and the

protective filmuwyas washed,aff OQEERgW@EQ& bservati on of
(Example b5)

A protective film agent was prepared in exactly the
same manner as in Example 5, except that 15 g of glycerin
15 was added as a plasticizer. The g absorption coefficient
k of the solids of the protective film agent was 7.9x1072
as in Example 5.
Using the above protective film agent, a protective
film having a thickness of 0.5 to 1.5 um was formed on a
20 silicon wafer in the same manner as in Example 1. Laser
processing was performed in the same manner, and the
protective film was washed off with water. Observation of
the surroundings of the laser scans, which was made in the
same manner as in Example 1, showed no deposition of
25 debris. The width of processing was comparable to the
laser spot diameter without having influence from the
thickness of the coating film.
(Comparative Example 1)
A protective film agent was prepared in exactly the
30 same manner as in Example 1, except that ferulic acid, a
water-soluble laser light absorber, was not used. The g
absorption coefficient k of the solids of the protective
film agent was 1.94x1073.
Using the above protective film agent, a protective

35 film having a thickness of 0.5 to 1.5 um was formed on a



25 j he surroundings of the |aser scans, which was made in the sanme nmanner
as in Exanple 1, showed no deposition of debris. The width of processing
«was conparable to the |aser spot dianeter w thout having influence fromthe
t hi ckness of the coating film 30 (Exanple 4) A protective film agent was
prepared in exactly the sane manner as in Exanple 3, except that a

wat er - sol ubl e nonoazo dye (Al ZEN SWI'WB, 2Hlodogaya Chem cal Co., Ltd.) was
used, instead of ferulic acid, as the water-soluble |laser 35 |light absorber.
The g absorpehmmconeWEEetemh kheo%ahhemanﬁBr sol idsEgbmphe protlecddewve fil m
agent was 7. 9x1 - w% bo¥p prote tive film agent 8 gﬁotectlve

fil m having R* Pﬁ?é%ﬁegs f Be§ £6 f 5% pn1 s°FOrna"onTa |I|c8n wafer in

t he sane nanpebtastuneEXammI@aE whaser BIprecessivagewas @Eﬁéﬁﬁ&ﬁﬁbmrbﬂhe
same manner, _and the protecti R was washed of f th water. Cb ervation
of " the sur t S0RdPHGE BREEREE BYer Mo dns et AR ERe nal hRBe VAR TRES Hnb Fmnner
as in Exapl eahe mhawed ae depasiahpos Qf gebwed. mIheewi débo@ﬂtpbﬁCeSSI ng was
conparable to h | aser _s otegla %r wi t hout having influence fromthe
t hi ckness of 9 éléoa?PﬂgpFFP Fel5)MA protective filmagent was
prepared in exactly the sane manner as |n Exanpl e 5, except that 15 g of
glycerin 15 was added as a plasticizer. The g absorption coefficient k of
the solids of the protective filmagent was 7.9x10-2 as in Exanple 5. Using
t he above protective filmagent, a protective filmhaving a thickness of
0.5to 1.5 mwas forned on a 20 silicon wafer in the same manner as in
Exanpl e 1. Laser processing was perfornmed in the sane nanner, and the
protective filmwas washed off with water. Cbservation of



the_surroundings of the |aser scans, which was nmade in the same manner as
in Exanple 1, showed no deposition of 25 debris. The width of processing was
«Conparable to the |aser spot dianeter w thout having influence fromthe

t hi ckness of the coating film (Conparative Exanple 1) A protective film
agent was prepared in exactly the 30 same nmanner as in Exanple 1, except
that ferulic acid, a water-soluble | aseroli-ght absorber, was not used. The
g absorption coefficient k of the solids of the protective film agent was
1. 94x10- 3. Uwihag wbecahawmeiprotective filmagent, a protective 35 film
having a thickness of 0.5 to 1.5 mwas forned on a - 29 silicon wafer in
the same manner as in Exanple 1. Laser processing was perfornmed in the sane
manner, and ftthe protectties fid MVas avshed «of f1 addrh dvatierg, Coservati on of

t he surrounding% of .the Ias§r scans, _whi ch was Ead% ig the 5 sane_manner as
in Exanpl e 1CCERGWEd HafkEd " HEposi (Edn 8r 48PS andepEering R Ehe film
01 - 30 swhablwelel aedminsank A preeisecbneewhirbm-agenblton akasenighei ng,
conprising a solution having, dissolved therein, a water 5 soluble resin and
at | east one2RECEPELOFEHLE T FEsdr I JRE JZBYBr berSséffédfed it PONAERE ~gr oup
consi sting ofscaypateryeSobullae dyeociapiat en1sehull aageker i ngamat yekerand a
wat er- sol uble ultraviolet absorber. 10 2. The protective filmagent for

| aser di ci ngSCaE®drdivnd ey iol&tmaPsomkerei n solids of the solution have a g
absorption coefficient k, for laser light wwth a wavel ength of 355 nm

within a range of 3xI 0-3 to 2.5x10 1
10 . The protective film agent for laser dicing

according to claim 1, wherein solids of the solution have
a g absorption coefficient k, for laser light with a

wavelength of 355 nm, within a range of 3x107° to 2.5x107*
abs-L/g (abs: absorbance).

15
3. The protective film agent for laser dicing
according to claim 1, wherein the laser light absorber is
contained in an amount of 0.01 to 10 parts by weight based
on 100 parts by weight of the water-soluble resin.

20

4. A processing method for a wafer, comprising:
coating a surface of the wafer, which is to be
processed, with the protective film agent for laser dicing
according to claim 1, followed by drying, to form a
25 protective film; and
irradiating the surface, which is to be processed,
with laser light via the protective film to perform

processing.

30 5. The processing method according to claim 4, wherein

a wavelength of the laser light is 355 nm.

6. The processing method according to claim 4, wherein
a plurality of semiconductor chips partitioned by streets

35 arranged in a lattice pattern are formed in the wafer, and



abs-L/g (abs: absorbance). 15 3. The protective filmagent for |aser dicing
according to claim1, wherein the |laser |light absorber is contained in an
,amount of 0.01 to 10 parts by weight based on 100 parts by weight of the
wat er -sol uble resin. 20 4. R processing nethod for a wafer, conprising:
coating a surface of the wafer, which is to be processed, with the
protective filmagent for laser dicing- agcording to claim1, followed by
drying, to forma 25 protective film and irradiating the surface, which is
to be processed stwecdtd aser ildghti el thehprokegtisee fliilgmct & iperher m
processing. 30 5. The processing nethod according to claim4, wherein a
wavel engt h oPHHEAEYE G4ghttq %%@5 HHACVES - The processi ng net hod accordi ng
to claim4, wherein a plurality of sem conductor chips partitioned by
streets 35 arranged in a lattice pattern are forned in the wafer, and . - 31
the streets dre irrauf REWHTH T HRCTR@raGGYHING £2 Hela Pt dtecdthseEH M Im to
form grooyes.the phhe RItQGRSSA NG, MB! hash RGO RY HA nG @1MPrdwaMeer gifRe > the
protective filmis removed by washing with water after irradiation with the
| aser |ight. irradiation with the laser light.



