- 1 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
s he Invention 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 nethod by |aser dicing using the protective
filmagent. 2. Description of the Related Art 15 As is wel|l known anong
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such as silicon, partitioned by a 20 lattice of schedul ed division |ines,
called streets. Respective regions partitioned by the streets define
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sem conduct or chips are obtained by cutting the wafer along the streets.
An optlcaﬁ device wafer has 25 a | am nate, which conprises a gallium
nitride-based , conpoundrSentCcondugtopnor the |ike stacked on the face of a
sapphire substrate or the like, partitioned into plurality of regions by
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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 LSI’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 nmeans 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_agzquter peri pheral portion of the
side surface of the base. The cutting edge, for exanple, conprises dianond
abrasi ve 10 ghal pacowii GR;Baveca-0uaiieskee, obut Bengr ety fférntutéiﬁsd to
the outer peripheral portion of the S|8e surface ase
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apply | aser gight al ang_t he 3 reehﬁg prior .to cutt % g with the cuttlng

bl ade, thereby efo?ﬁlngng?ggy §TcSMrEnddr SEESWIPRFRE QPdfR 8FtEhe cutting
25 bl ade (cubkirighedge) poatdonher thepettier suetittengfwihb bhee.blmge. Wen
| aser light is ap lie alog% the streets of  the gafer however, the new
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silicon 39 substhat eynapd hbset Regralinenergyokeads BQdEBeo@Ebthﬁg or
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condensati ONgf the base by electroforming, and is formed in a

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 Docunent 1) and Japanese Patent Application
Lai d- Open No. 1993-211381 (hereinafter 5 referred to as Patent Docunent 2)
propose nmethods in which a protective fikmconprising a water-soluble
resinis formed on a surface of a wafer to be processed, and this surface

is irradiated with tasgrsldighteyl ap%&?lé}ﬁ C&f‘&tﬂc}/%eﬁfﬂsm JdbAeeQrding to
the methods of Patent Documents 1 and 2, the chip faces are protected with

the protecti F@tentmAPPRHER T i@ren-aifd-#rsin Neon LVd§ot 6art t(herieiipe Ltafi ch is
the thermal deconposili an prodygt ﬁ%fcum%tsqgsg&@t %a%%?l%gl A%k en

irradiation, scatters and condenses, I1ts condensate ebris) éeposits on
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protective fi hwaer esul t tlon of the de ri onthe
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the probl em f‘ﬁt“us that debris deposits on peripheral edge portions of the
chips, in parti<ular. The following nechanismmay be invol ved: Upon

irradiation wWth | asetordight tot hies nmadt Kleeonpospdd &t abodlresrstdst rate
proceeds prior to the thernmal deconposition of the protective f| I m 30 and

the pressure %of BSidhdonardfporr i RIF9GHeE it s PLATE St engit 1 m -
deconposi ti omrHyDduGisn GaUSESs Vol dsh txﬁé[ﬁﬁf or the like, which is the

thermal decomposition product of the substrate upon laser
irradiation, scatters and condenses, i1its 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 i1s, 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



fornmed between the protective filmand the peripheral edge portions of the
chip faces (in the vicinity of the street I|ines) (in other words, partial
«peeling of the protective 35 filmtakes place at the peripheral edge
portions). As a 4 result, debris deposition occurs at the peripheral edge
portions of the chip faces. The problem al so exists that the adhesion of
the protective filmto the wafer face is g4s0 low that the protective film
is prone to peel off. 5 Such peeling is another factor for easy deposition
of debris onrckhetpediephesalicpdae tpont bensraf athenehpbpripeesal Sdguary of
the Invention 10 It is an object of the present invention, therefore, to
provi de a pr8CEELEPRE Pl MNEYEREDF dRCraser TRIF cP RGP L $ihi hsO cart $oF ntkat
protective fihm havraohi gt adhesiondeibherifiacecotna waker, rapd bei ng
capabl e of effectively preventing deposition of debris on the entire face
of 15 chi ps, sicnélowdithg tt Réier pFetiegherval fédge ipopPrrbhstoi Reepr dhici ng t he
chips 1o tle MALeL 1%l a3ehlidlnd . and, 2bso haypuokbde adaebhod for
processing the wafer with the wuse of the protecti ge | m agent. Accordi ng
to an aspect debriilse opr ébeneimpdistriadn edge phetéons pifovhdeghappferesti ve
filmagent for |aser dicing, conprising a solution having, dissolved
therein, a water- soluble resin and at |east one |aser |ight absorber
selected fromthe group consi stumgmnf cf wateerlnyelnablom dye, a water-sol uble
coloring matter, and a water-soluble 25 ultraviolet absorber. In the
protective filmagent of the present invention, it is preferred that (1)
the g absorption coefiscaenbbkectobfl aser priisght \iirtvera iway elergtdt cafe ,355
nm of the solids of the 30 .solution. he within_the range of ,3x10-3.t

2 Bx10-1 abs%ﬁ@prP§H§@ 5b§6?ﬁ§ﬁgéfﬁ gﬁgm agent for lase% dicing, wglcg

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

15 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,

20 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

25 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

30 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.

35 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

provi ded 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 |aser dicing, followed by;drying, to forma 5 protective
film and irradiating the surface, which is to be processed, with | aser

l'ight via th?n?éﬁ%?%k'V%hék%”&%°pr8€ﬁ5@&”ﬁpﬁ988§§599 Abenpyoegssing net hod
of the present invention may generally adopt the ? | owm ng neasures: 10

(3) The wavelehgth 6PTPKéSEASeFORE§RE RsSBE5a@fn Of(m}el‘ﬁa{fﬁé wehegh &s
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| attice pattern are orne the streets are irradiated wth the | aser
li ght via thegpnot éeti vesei| micentor fPgrooeeshby 18ry5RaAf ter fprmadi atl on

with the d aSEEolcleng'ivet I?‘r%lmpr %SC]E_WSPEEIC%gStBQ”EM%aQéé WA aLAY;

wat er. The protective film agent aser dicing according fo t%g pr esent
i nventi on cobhtapnsctheevat ¥nthsdbhablreligber viaghheapsorberiva addntfon to
the water 20 so%g?le res eSSlThus a protective film which is formed on
the face of thé wafef y goat’ ng and drying the protective film agent,
shows hi gh absorptﬂ&naqﬁddﬁﬁylngimyﬁhdﬂwhﬁwm@npk@maﬁkaﬁawemuubnlmagr

light, is pro t hermal | y. deconposed to be | aser-processed along the 25
street |ines? nE@ﬁ%élypégPPﬁg¥BF %ﬁgRBW6P80P?9§uF?Pn1 whi ch occurs under
the prespure of a vapor, Eie€. w@xﬁel@@gtﬁh@ﬂmﬂte deconpasi gion Prygiucim .of the
substrate upon exposure to | aser ght, can be effectlvelgg revent ed.

Furthernore, the waltr - so¥%leéed"§/%fe3étca P Wi cht B & ustini conductor

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 |laser 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 bg effectiyely) prevented throyghout. the faces, of the, diged
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achieved along the street lines of a fine line width.

Brief Description of the Drawings

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.

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

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

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
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

application step in the wafer processing method according



FIG, 5 is a perspective view showng 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 |ight application nmeans installed in the |aser
processi ng appatatugrshewn iAvEhGioh. 5 FIG 8 is a schematic view for
illustrating the focus _spot dianeter of |aser FI.GS. 9(a) and 9(b)

are expl anation dr &iihgs of° Fhéﬂ‘Fﬁ%éPa@Fﬁﬁtséﬁﬁ %EéFF&ﬁYSF@B 1A%t héCwaf er

processing gBhh9duaceendi By EstBelﬂﬁﬁﬁeap?ﬂﬂ&@ﬂlbﬁnmeiﬁsFiﬁ%té@lé& an
expl anation drawi ng_showi ng the position of |aser |ight appllcatlon in the

| aser |ight IBpplEcadfsh §Féﬁeéﬁlpﬁeaﬁﬁﬁé?tﬁﬁoEE%gpnbnnﬁiﬁod according to

the present inventipan, Rl Gs kLl dcheahtanr! anged reectinanak raitew gokh@ssentlal
15 parts of the seniconductor wafer show ng a |aser-processe groove

fornmed i n théosefi eBRBuEtereh&rePfhyaEREe LASBE- |ight application step in
the wafer processingdethody) aceorgling 40 Ehepresenth H&%%&% NoeFhie 12 is

an enl arged secti onal V|em10f the 20 essential parts of the sem conduct or
waf er show ngaaest daiehti arRRiichtihe ptepeéni vhef WpArEoRredesAlnte face of

the Seniconﬂ%%BBB Q@E%Edﬁﬁg Q%fﬁg%eg?gég PYlHVBEQEﬁﬁt'Ve film remva

step in the wa processi ng ne ccor |ng to e present invention. 25
FIG 13 1% a perspéctGve Gviiew af esgslematdlorparteyiofg s@oeuintd igiedevi ce for

perform ng ap%gﬁkkgg %EGEaggrtﬁﬁght 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 water-soluble |aser |ight absorber. The

wat er - sol ubl e resin serREs2laked PEFFIIOTHN HF Ahet dAMSREHGT m and is not
limted, if it is a material 10 which can forma filmwhen dissolved in a
sol vent, such as water, coated and dried. Its exanples include polyvinyl

al cohol , pol y¥rayecpyveofi d8nedepbi yet hyl ene glycol with 5 or nore
oxyethyl ene recurrimhg WidkScRYyetiny eenexibdecnmptbykee! kubese on

et hyl cel | ul ose, hydroxypropyl cellulose,” 15 polyacrylic acid, polyvinyl

al cohol - pol yaemprigeacpdsplotkoncepotgheingpal yaiaytsal eohel rpol yazryl i c
acid ester blLo 0 , pol y i hese resins can be used
alone or in éoﬁéFﬁgtgg%Mgﬁét&EQ%F %%¥g£ %ﬁébg?%géctive filmfornmed on the
wafer face in the T2@ preédsentsdlmpdrt ires iins seenevedsby washiimg fwirt B wat er
after |aser 9598815_3%;89 ihin,tQﬁd?“@&eﬁa%’aﬁﬂ%éyyiinI:h?s BHR%E‘&HA’E film
is taken int® GOonsidération’/ it is preferred 10 use a resin having only an
et her |ilfkagehochacahyfipoxyk griompwasnadpekatvegdoip, af solexanhpl sucipodyvi nyl
25 al cohol or _pol yethyl ene_glycol., .as the aforenentioned, water-sol.uble
resin. This i’“égﬁé(:aﬁgélﬁsgméﬁgr S25Peb e{ts St S8 It e BOryv iy

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 glyccol, 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 adhesiveness, and its remaining after washing with water can be
effectively avoided. In terns of the washability with water, the

pol ynmeri zati on degree 35 or nol ecul ar wei ght of the water-soluble resin

used is 9 preferably] y ovefer] f FOIpsLivRYInyal @0kehois ikakeneas aananexanpl e,
its polynerization degree is_preferably of the order of 300. However, the

wat er - sol ubl ¥8% ¥ wi 1 POhHR ot et | BETGH Ideded B high Th ecul ar

wei ght has 5 d.oyemashabid i t yiouddv watele, Wikt riR i3 eC2%@.ind wdegl iane in
wat er -washabi |l ity can be avoided by using a plasticizer _ (to be described
| ater) concomtHhtPSLYRRT tFRti A et TfhtCalisdtisEt MSRFY R CotbiHEt it wi th

the abovesnentdpngdsyabef 1ol wblie (£sdn, wumaler: s soldbl & dyg1the in
wat er - sol ubl e coloring matter, and a water- soluble ultraviol et absorber

are used. Thesetagemshalpellhy | Ccaatles -av? iR e Lants dre adviatdgeios] y
pr esent unifﬁﬁmﬁ@;&bé igg@tgﬁﬁéyg %éﬁé@mf@gﬁ¥W$f’ they show high
e waf er n

affinity for ace, a can forma 15 protective filmhighly
adherent to the wafé&p fheelaspurthehfiopbsorhey apedadvancmgenasion t hat

thel 1 5ot UL anscy hawe Liahe sigfage, of bl ive and: durdag, storage. cause no

di sadvant age, ase separation or sedinentation, ensure
sati sfactléry soathhg PpyopertvasertsouRle et lerrimpsotaiier | azet 4 ivgiter-

absor ber, Sucg?ﬁébf$p& Q%iolé? Qé?grbéPT%§§§gﬂ%ﬁé Fﬁ*ggé\giﬁgt%eare or

variations in aser absor pti on capaci protecti i'm
storage stabidliilywarecoatingler opedtaes advdntmeooosly pmksergt it difficult

to forma uni&gigggmiyifg Pﬁgtgggéggtive 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-soluble 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), anthraqui none dyes

(ant hraqui none derivatives, anthrone derivatives), indigoid dyes (indigoid
derivatives, thioindigoid derivatives),ghthal ocyanine dyes, carbonium
dyes (di phenyl met hane dyes, triphenyl net hane dyes, xanthene 35 dyes,

acridine dyegk,,gHENQPekM paidyesc(agkoe, dyesnidd a9xaziheaAyss. aiblazine
dyes), nethine dyes (Cyanine dyes, _azonethine d%es , quinoline dyes,
nitroso dyes2zoBehzeqfi ABAE! dy&81and I RApAY ABqUR hbheSdy@¥SSnapht hal i ni de
dyes, perlnoe@ngxaﬁinaﬂg QFB@raQMeﬁa ﬁtﬁéq&bﬁo%@t§§é§9|HQthQ¥§§miQ¥es as
food additives, for exanple, Food Red No. 2, Food Red No. 40, Food Red No.
102, Food RedvyRB. pexinFpeddredrNendiotheFodreRed No. 106, Food Yel |l ow NY,

Food Yel low No. 4 tar %%;i 8o F2Q q qll No 4 goq [ 1 . No Sunset
Yel | ow FC@, Food Orp%n:;te Ali\/l)%1 efg %oé% \?e(rai Xt oxéﬁog 1, Oégogg\gelr W T on No.
4, Food Vernitbki eramplel0TooEoB8ddBNae Rio. FéodFded BbuedMp. FodFoed NG&x een

No. 3, Food Mebon-Golok B yand1600d-600 LohofioNoyo3, ALEaPEEfefEed)fgom the
vi ewpoi nt of "environnental load, 'efc. 1 anpl es” of e water-soluble
ul traviol et absdrbel loar 8Y4, Foodi fatboxyBenzéphenbnezine, Food Yellow

benzophenone:; 4- car baxylii i d,. 2-gcar.boxyant,h ui e,
15 napht hat redcear Bosy e UeNg 5 SR KaT et Ear baRor: 78805, ™ 3
napht hal EhedicatlbUxryhiit lachdNo2, 65 na@phtihdeenetll tanbbzyl #¢ F26daci d, and

Sal 1. and qUIPEPhIRySmiBni - SAPPC RFBoro: 2. 6. ERBAr BadFnoRed? surpaRTc
aci d sodi um saktn No. 3, Food Melon Color B, and Food Egg Color No. 3

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 guaternary 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 2.5x10*’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
substances, 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 perforned using laser |light with a wavel ength of 355 nm for
exanpl e, the water 30 sol uble laser |ight,absorber is preferably used in
such an anount that the g absorption coeff|C|ent k of the protective film

(the solids BEoEQ%t§QEU%hQH) %S %ﬂHBM”tBQ% tﬁ@ngﬁeQﬁa§XéQcémE95gt§5ﬂ0
absL/ g (abs: absorbance). % absorption coefficient | ower than
a

t he above 35°Eaf§e, pﬁﬁéepaééﬁ fﬁéﬁt bgéﬁpﬂﬂéﬁl@apaérbyléﬁefhélghil

protective f i t h S N, .0 rotective
Pty L ol PO/ RU IS LR e BeeommEeLL g ok el

substrate suéh asr§ﬁmﬁ@0npeeASD§ pés@h? fpéml Bng b Phedﬁﬁlﬁpaﬁbeso on due
to the 5 @re§§g %u?f gfvgpggggf E@etkgeEHBEm9§C8EB FBégelBEOEEBBucﬁre apt
e era

to occur, rrs ten ormat the perip edge portions of the
chi ps. | f t herg aabséopvicenrcoehfl ciebmt sktesdhi ghefotrhantt hbeabove range,

the thernal gggggg Fﬁlggggfp%?%i%%%t%ﬁtkﬁg Ebkggeasi%ythéo?takes pl ace

even ow ng t I"'ecti"on I"aser t hé substtate upon | aser
| i ght applicabbompthuscoeﬁﬁecpeaceisunghwgdeh bhahasee bbowresahgeger than

the |aser spot r.,.This is.like be_unsui t ahl par ularly,
for di eing aBig CRETSCr S5L0 BPE ety bt DIEUELRG ai ALh™ FPOLRY Faser
l'i ght abs@rbeekegnpwm@seewamlmwﬁmgamsompbi@efmavehengbh flegeanlthet

vevelengin of. L aser, | LA used e ongs. | 3,3l eched ang used. e use o
above- descri be@ Ip&@@@sfs(in@ev&mweﬁ lbketrheekases hbgbhtr 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 cocefficient k within the

20 above-described range to be secured. If the laser light
absorber, which fails to meet this condition, 1s 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, i1f 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



absqgrber, which fails to neet this condition, is chosen and used, it has
to be used in a large anobunt 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 | arge, phase separation may be
caused between the | aser |ight absorber and the water- soluble resin, when
the solution containing it is coated ang,dried to formthe protective
film If the amount of the |aser |ight absorber used is too small, the

| aser 30 |igBht-absgrber may be unevenly distributed in the protective
film GCenerally, therefore, it is preferred to select the laser |ight
absorber so that itl® aRsumresssd dlventgrny o otpepareyrhyniénghedsaséd on

100 parts by ugi ght aobsothequaser sk bbe £est. eaablesntheignasorption 35

coefficient k within the above-described range t - secured. In the
present invenekeh setheiecompoundndglagent $igthnabecdbssol vedthen addition

to the abovesmentigned, aLerasobubl e, teskn; ondel aner Light Ahsorber, in

the 5 solution Por use as the protective ?Efn1agent. exanple, a

pl astici zer andmplsur Rapéaattiicvecagent! safubéacesadtiTheaptast fanzee is
used to enha §§ the water- washability of the protective filmafter |aser
processi ng. The plasticizer is preferably used, particularly when the
wat er - sol ubl e resiﬁhﬂiﬂiafﬂﬁqﬁzanﬂﬂanﬂsgﬁ.W@i@nhamseu$®@ waTlee-use of the

pl asti ci zer i jadvanta i.n_that can press_the carbonization
of the water- sSﬁu%ﬁ sin gg £8FPFadE |a%ﬁ%% affﬁglgse?rlprﬁ% s Qng.

wat er - scmmblEhelpmasiﬁcmnbecubaprwéeghblgonpedndpastpceﬂatngdwasnsuhh a
plasticl zer. s oramples tulyde el sne obusel, Lrigtiylens glxcol
used al one orhknuse 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. Its 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, 1its
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 reconmendabl e anbunt 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

wat er-sol ubl e resin. The surface active agent is used to enhance the
coating properties, and further to enhance the storage stability of the

sol ution. Anyosybkaeenatkh¥esagentsnohlkhecpoOBOPESedCalir@ALE, 28Rl 6RI C oOr
anphol ytic type can be 30 used, if they are water-soluble. Exanples of the
noni oni ¢ sur FEBBTAct i P EYeRt af etNPort: Phehot Wb, 2 Hi Yiferagent are

al cohol - based,2pekybYdr bemoakhcahekikasedd pRkMexyah kyl ens ghycol -based,
pol yoxyet hyl ene al kyl ~est er - based, pol yoxyet hyl ene alk¥l 35 et her - based,
pol yoxyet hyl ERé aPk9PRpRefbl fefRerChbaged2Jgnd 23 pbkyoRBERDPPERETSBEBI t an

al kyl estgr-based gHifage;ackhvyes, agenlssybExgaopbessetthgicationic surface
active agent are quaternary amonium 3alts and am ne salts. Exanpl es of

the ani oni c BeFhuée2AERI 6 aght caPeraFkyFbBAZEAes IR S @Eidse and their
sal ts, a'ky|%ﬁgkﬂgk&%gf?ﬁ&fﬁﬁgt%cti@@tQﬁ%h@ué§Ee§miﬁﬁgo§EH§EmEH£EQH@Le$-

Exanpl es of )l ytic surface active agent are I mdazolini unbetai ne-
based, ami doperepyl bemadperbayedctandcahpaedi propi emanedibasedosartace

active age”tﬁasgﬂeggEfag% %c%%?%%%%EEQQ.OfO%f d#0 Of %F%éhéﬁnaﬁf@é%aé“rface

active agents nay sel’ecte anmount any such surface active agent
may be Bevekab pensogkt ppm oheseveralahandredvppapbasedmen bhe sol ution.

1. Bt SEEYR B AGE Tk 88Sinl 2408 Az g PLREL LAY on
di ssol ved t hereiseyvetrhé 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,- tthe sol ution, when coated on the
waf er 25 face, tends to drip, and the filmthickness after drying
(thickness ofwrihe prottect iptetddduiivd §idinf faiceuitt offo taedj gstesenthus, the
solids content (the total content of the, K re pgﬁﬁi e iquedients) in the
solution is pref&Eny &Y 3 SPIRE ot Tt HE 161 d & Co P 1 G309 By Ywei ght |
al though it 3Qtes-¢dIfi@nentr ACeOrdidgdte t-he 1water 1selublie ghesiahs otber
used. The ampbunt qf the_water-soluble resin in the solids is generally 5%
by wei ght or Sv@1vFni sEF&MpLefePred PnSOLBRAES 7RG Vﬁ%e§tr@ﬁ§PﬁOBF'the

protective fiddPeaRpr epniatehe ANEEQIreVentityng ey 1deRosind ik 0fy debiies-On
the chip faces. 35 The solvent for use in preparln% the sol ution, 14

whi ch is the Prorectividd idHagemonsa e Firésent Cot st ol Ra§Tbe a
50|Vent_'n\deﬁéﬂiﬁ%dﬁéyﬁyﬂﬂHé(qg?$o1Mﬂdﬂbé%¥yqb%%h%%%'%r%n%f@%%%&é%Q|Ub|e
| aser |ight absorber dissolve. anpl es of the solvent are water,

al cohol s, 5 d&stéhe adliisare GIvadl siorgadivene tdieyeolP nemydaney 19 letdeer s,
and al kyl ene ﬁgﬁg n - , th e yl ene
gl ycol nnnoaﬁ&t egﬁgaéqg?g%érg%%??eggg&%gg%ﬁg‘grky g%emég§cgféﬁgﬁgg kyl

et her, piBpylsnegltydelr thenomatihyEnaitemarPGE) vias garefoar rredii xEde nost

preferred Mjé%yégﬂﬁ]Jéﬁ$§ﬂ@gggmﬁngﬂyironnent is water, or a mxed solvent
e a

cont ai ni ng water. ove- cribed protective filmagent of the present
invention is coatedlon theveudéaceibédtbeowaderve of 1 be pyocessed;hd or

exanpl e, the;§§§§§§§3fgvéﬁgig%ﬂf§ éé%éé% 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 pum 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 form grooves 20 (carry out

| aser dicing) 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 mon the streets. The reasons are as follows: Such a surface of the
wafer to be preegssed has many dents and projections, 25 and the streets
are forned in these dents. Thus, if the above thickness is too snall, the
t hi ckness of the pridteck iSYS IIESF TFE PG ectSrord ids S isrrIduatiedt

debris may eatrer tAe Pr okeeliove sfslimiand -depashteon:thetahi prekages. An
unnecessarily Iarge t hi ckness, on the other 30 hand, would bring no
particul ar advdRbages, bBECwodl ahoEauae ol §7 8 hS oC bt 2ty ant ageCt hie

washi ng Wt h waker ; ;af ter-tRr 0GesNG Iakesdicier AR rexPlanati an wid, he
of fered bel ow for the "processing of the wafer by |aser dicing with the use
of 35 the pbeecemieonduptagereigdcar ghrynt ént RéCPredennd- 218as pnventi on.

FIG 1 shows o3 pensRectiey s JHlipreh i ofeltepadyst obychaber tWkChnks
processed in"accordance wth the present nvention. FI'G 2 shows an
enl arged sectiSénal, Vicawesf itthe Bagssentioah paewmsaofamhaasenidondbiécor waf er

shown in FIG : m.:caqQn .Qr fer sho i.n:EL nd 2 has a
plurality ofCgéﬁfégggu%%oﬁ%%ﬁﬁggHgf;%gﬁghaég Pcﬁgrggég ggFmé?gforned in a
mat ri x f o0 m finomta dnai datley 2Laokeicclon corprlfiases 28a dsal semgohidugtand a

oL reult ormgAg ey el LI sLacksd an.dle faee 208,00,

sem conduct orsertiicps1d22 tare gpamts i2ored pyrstiteensd2d®y streets 23
formed in a lattice pattern. In the illustrated
embodiment, the insulating film constituting the laminate

15 21 is a low dielectric constant insulator film (Low-k
film) comprising an Si0, film, or a film derived from an
inorganic material such as SiOF or BSG (SiOB), or a film
from an organic material which is a polymer such as
polyimide or Parylene.

20 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 enbodinment, 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 fhetrseni genduchorguat €F13yE0rHeapr oeesseder hhbriNepyseif  the
af orenenti oned grotectlve filmagent. 25 In this protective filmformation

step, the pPbtBEei GENEFPRIBGEAE MaledatcUNSnT t AeltaLEu2al of OFfR,

sem conduct of vaf eh 42ty @aé@'BfCQHEeéeﬂléénéQQM@r'ﬁaf&gﬁ2 3.7pEhe spin
coater 4 is furnishéd wth a chuck table 41 "having suction/hol di ng neans,

and a nozzl eldgugfspssedcBdvabsyeémt Reerent ermefierpeceriueRatadl e042e The
senlcondQ§toarl$@fthgrhg¥Ig|§ %%Eglg%sfﬂﬁﬁezgawPQhnéeghEB%ﬁ%Qs 9p the

chuck table 41 and, w't uck table 41 being rotated e protective
fil magent inhkiquddrfofnlid dpi pppd thhoaghesheomokzizé esd2eent 83t hies cent er

of the face.?ér@@? o§5tﬁ8n%%8@d§8t8% %ﬁéeéeﬁicﬁ%dﬁété p&Q%@Q”EE’a%he liquid
ve T1

16 protecti m agent ows to an outer perip &ral portion of the
sem conduct oshwafiein2Fdfidek -centri fugal force, covering the face of the

sem conduct or waf er ek -Efill% ]rloct%lcqlg;eotf:ﬁ% ;é‘?} fid o§g}%r&t ;s mderately

heated to be 5 dr|e protective film h a thi ckness of the
order ofl®. 1m&on5rnn@thhekﬁess @a bﬁethbreemléamdustofowaédroh the face 2a
of the sem conduc

_ _ % g ve e S .neagwn in 4, Onge t r ot ctkve film
24 i 5 f o medSTACEHE S 10 RanRer COR T e PatR 237BE 2 hor S8R SoRAUSE OF Fviaf 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 conductor 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 perfornmed using a | aser processing apparatus as shown in FIGS. 6 to 8.
The | aser processing apparatus 7 shown-in7FLGS. 6 20 to 8 conprises a
chuck table 71 for holding a workpiece, |laser |ight application neans 72
for applyingal aset bLhgbt oteithetwerkphece peldeonepbeichuskstaglhendd, and
imaging neans 73 for inmag %Eg t he morgplece heldéﬁgzthe chuck table 71.

The chuck taBFEt¥129i BS@BRs! Fatt BA"EE Es BT 8hek ﬁ§QRﬁWP§%ﬁPerkplece

and i s novedopyiadalo¥i,Bgeeghani §AL ulBot 2SHOWIALLI A apPiesessiagefieed
direction indicated by an arrow X and an i ndexing feed direction indicated
by an arrowSYCRn2fl & PEAMASPSRERATT n HIIQCUE ItheGH 149ht appl i cation

30 neans /2 kRebuflesadisy! EBHREGEErCAShBEs 12d0€i SREREY csMbstantbal by
horizontally. Pulsed |laser light oscillation neans 722 _and a transm ssion

opti cal systéﬁ?s7?§S§W€ersHB§€5 WhethihSehe Basing2 792l Theopll skaPtaser

l'ight oscillati ﬁBuH’%éHSaZZEhbeQQHEC’%ﬁQ ot @h@u&§§gnbaﬁ.@n 33,ddght
oscillator 722a conprising a YAG | aser oscillator or a YV04 | aser

oscillator, éh@hﬁrp95§élﬂéﬁéﬂlPwoﬁh?réaééﬁéylaééﬂtih@hﬁeaﬁ§l??2519ﬁnexed
thereto. Them&éﬁgsﬁb§s'89rlggg'E%'tﬁ%SESHhZ§§ '88%998379439h539h8 opti cal

el ement such as a bean1sp itter ocusi n eV|ce 724 5 accommodat i ng
condensekO|eﬁgéssmmésl@hoﬂpyl@@&péyéaemf7a3 | end asséibegtedhfcamnbheit sel f
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Laser |ight, osci e pul se ase i'ght oscilTlation
chuck table 71, w1th 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 (pum) = 4xAxf/ (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 imaging 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 |laser light show ng Gaussian 15 distribution is
applied through an objective focusi ng l.eng -724a of the focusing device 724
as shown in FIG 8: D (m Ax?xf/ (rtxW where k represents the wavel ength

(m of a pul sed | asere 1@%@3 12N repnesentisnt ke «gi ameter Jeifo rafedpul sed
| aser |ight incident on the objective focusing |lens 724a, and f represents

the focal | eR§ERI( AP 6P0Fﬁed85Féépﬁ§elaﬁSEUEFﬁﬁeP§h§g7QHBaI?ﬁéS|ﬁaging

nmeans 73, moyatedpat gasktreptaend t85 rpeetbancot ot heccasi Regq72ceonst i uting
the laser light application neans 72, is conposed of an infrared

i || umi nati onoBan§Of 8 -directing infrared rays at the workpiece, an

optical system for Gatghidng 448 arietht 1idRpliied et heHenfrared
illum nations neans, and an 30 inmagin evice (infrared CCD) for outputting

an e|ectrucaﬁem§F@ﬁ§PCé@¢r@§6Gﬁd@n35t afifeonnthar eBUEKysakaggit BY £he

opti cal SYSt%E%e&”p%@@b%bQ% %@r%%@%”@rghbWthﬂgFgev'%e wi EEDLpkor taking
an image with the use of VISI F% rays, in the illustrated enbodi ment. The

i magi ng nean§l¢3,s@ﬁ@§635hﬁnﬁ6@t§ﬁ@naﬁsf@@ﬂaﬁﬁeéstéoém@dntb@ﬂngeans (not
shown) . - Eeg %ebaﬁﬁ%aEbghtIﬁpPhigaE69§1§%§Q t?h@ Qﬁ{égﬁ QtoPS'HQ the

above-descri |'aser “processi ng appar at us escribed wt
referenck0t owvEEEr 8 aﬁdaﬁﬁﬁsct@@aﬁo a@@bﬁ@ﬂd oh. tEeInhUhkstaaéer7ﬂ|ght

appl i cation steprcthg, sew copdistor: wakes 20hs,hatd oRet Beochuek Labl e 71

tape 6 is mounted, is not shown. 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 frane 5, on which the protective tape 6 is nounted,

is not shown. However, the annular franme 5 is held by a suitable frane

hol di ng neans di sposed on the chuck tabte 71. 15 The chuck table 71

sucki ng and hol ding the sem conductor wafer 2 as nentioned above is

posi ti oned ﬂmte@méystmé@MIQBecaﬂagéngmﬁ@@@SWJBhbynfhgr@®vi@gs aeghani sm

(not shown) When the chuck table 71 i Ioca]6 ire tlg ﬁeIOM/the

i magi ng mean3l 73INGNT oF FYnenb S5H°HBRT at TR Vetet FAgT th processi ng

zone of the SeﬁlCQﬂduﬁéomaW@EQrd%sthb@d|éﬁ@ﬁepreﬁ@SSQQeES garfb@ﬂe@ut by
t he |nag|ng neans 73 and the control not shomn%@ That t he
i magi ng meanSh 730 AnteTheCtOREFOF HRARS ? d stRWHYE p ?%?n???%%e71 1s

processing, . gsusb: 8§, p@ﬁ@efnenalgghmgmt25ff@meaiag@tngl@mg shpeeta?Ben
formed in the predeternlned _direction of the sem conductor wafer 2, with

the focusi ngPOdeviee 724CRF i Paser URYhCEPHI AT GF ear TR Fror

applying lasefrel bghtkat gpget he streeted3iothergbyr i enepbi nga &l bgnnent
of the laser |ight application 30 position. For the street 23 extending

per pendi cul afPyetBheifetBBofeCPF LlEt 8fVH Aed/ 4f rekttom b2Sehel5&nT conduct or

wafer 2, a"9£$§D&a910ﬁhﬁeéﬁ§eﬁ2'hghioéQPéacaééOQh&ﬁﬁ'ihOPIG'S9P§ff0f”9d
S|n1larl his time he protective film 24 basical Iy opaque Is forned

on the ﬂéte Pa bheth@sss seahtonpdbneiopt haf erone, whee ectle (SeFeetrd2Bnare
formed, 19 by %etﬁ? @ﬁ% §§e8§E Pﬁlh§§g§€r¥é{hzk“{éa%ﬁ91£§%§e@“d

allgnnent can per or ne rom above ace 2a e manner descri bed
above, the sdievett28 betmedthenfohesseni dendoet 624 wafeth@ hesdrohithe chuck

table 71 is 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 pum 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 detected, and the alignnent of the |aser |ight application position is

carried out.

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 heeé@@mwga@@vé,caﬂﬁﬂng thes chieiotadd©ind, 15 namely,
t he sem conduct or waf er is noved at. a redet%Tn1ned feed speed in a

di rection i ndiVE SR hy aﬁheaﬁ%WkXItqb&eFﬁé

position of
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the other end (ri ht end |n FIGS. 9(a), b)) of the 20 street 23, as shown
in FIG 9(b), Catri o o itfe £ %H%éd’q é’r i GHtt I7PESTits Wﬁt@pﬁé&asand

the novengnt of drke vichugck & enel uparelsr dhe semeenducter: waf erng, is
term nated. Then, the chuck table 71, nanely, the senlconductor 25 waf er

2, is noved BPasHad PR 207 b i e dharpéfsendidcdl & o the sheet
face of the drawing HiRie (tb ddegdfdexing feed di rectdon), .iThemns, wdgh
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means 72,
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X2 in FIG 9

cation means 72 reaches the

positionlOshown in @& cY9(a¥, lappri cavhon ofVaéhe gpeirsed [Yagerldsieght 725 is
st opped, and the nnwgggf n?ﬁhthgﬁﬁbgﬁk table 71, 35 nanely, the
'S

sem conduct or waf er

erm nate 20 As described above, during the

reci procati ng novebehseofepheithockiraphendd; rddndloy,ltheéHsen conduct or

15

20

25

30

35

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) is 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
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e pulsed laser light 725 is applied to the street 23, with its

Pin alignment with areas 5 in the vicinity of the upper

the street 23, the spacing between P s being wi der than the

cutting blade (to be described later), as shown in FIG 10. The

application step is perforned, for exanple, under the

rocessing conditions: 10 Sourge of laser light: YVO4 | aser or
Wavel engt h: 355 nm Pul se repetition frequency: 50 to 100 kHz
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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 gonductor chip 22 due to such
peeling of the protective film24 can be effectively prevented. 10

Furt her nor e, gt-Revadhesi eanobet Berﬁeet eet hve thkms24etosthe rwafen fiace 20a
(face of the sem conductor chip 2 is so high that the peeling of the

protective fFPﬁ]Eﬁm&GPPﬁ§CtSFoﬁé§§Fné for exanple, minimally occurs.

Consequently, the RO Pt Hterdrvdue Jro t3uch Reeldtng «ofr itihe 245
protective film24 is effectively avoided. That is, as shown in FIG 11,
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asit i

seni conduct oF9&hit éSZEréﬁécﬁéVGe 6ACHRL FRePdebPEsPP6tEghR1BE Avolded
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the street in the above nanner, the chuck table 71, accord
sem conduct of Iwaf &, 2bﬁ@ﬁesﬁhéh@o@IOZECtSVEnéek@d26yhassba@hnéobeﬁdeen t he

streets in agdifrection, Lndieated by %@nagfc%’ Sl d%}ntﬁﬁk%p}Ls gndot he

| aser |ight application step is per fored agarn. Af | aser |ght
appl i cati®n waepraﬁ@lmbéelmdeﬁlﬁga$ﬁdpeaméleperfb¢neml$ntLM$s neaner for

AL streste . axt 9ndin0.h B e nuedetermnedediraetion, Lhe, chuck

table 71, accordingly Conauctor Thar ereon turned
90 degrees Eﬁememenelbaserlbeghtlagmkle@pﬂmnasuep_saaq uheaﬂﬁdewaageetep
are performed, .35 above,,;2ho0g 230 S iGet cxkending, perpsndigulerly to
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 othgleCOMPENERE nkSadkiSB010iWat eheSOEMPEEhduasost abedrearkker. At
this time, the debris 26 on the protective film 24 generated during the
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the protectiwyechbhisR4.(nbs shewn)here, renoval of the protective film 24
can be perforned very 15 easi ly. After the protective film24 |s rennved in
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81 equi pped with suction/holdi'ng neans, cutting mneans 82 furnished with a
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of the sem conduct
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. 14 (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 ding 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 nmeans 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 neansir(dioiatsddvisy) .dodihlat - dst tddiechatagi lnighareans B35 andl tdie card r ol

means (not sho rfarm.i e_processi such, as pattern matching, 10
for a1 1 oot ng e Pl BB BT PG U A B d S & e
sem conduct orinvafedte] by tdolhe Tids ngh F@del B2l f orhdut tindgedhe

sem conductor wafer 2 along the | aser-processed groov 5, thereb
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manner descri‘bgm}é%o?leé‘}lq %‘E?%gtwﬁlfoéwége %}P"frhe”‘se%%on]d‘ﬁ(ﬁ)ora fer 2
held on the chugck tsbde. 81 is 20 detected, and the alignnment of the

cutting zone is carried out. Upon conpletion of this alignnment, the chuck
table 81 holdi ng thBSBentiBnabEtdrovaiafe28?s wdveatebed 8bt®ing start

position in the GadinthZONeotMidhs $hd®y, they e aanduct oy weder 2 is
posi tioned such that one end 25 (left end in FIGS. 14(a), 14(b)) of the
street 230t o PRNCEUt RS prETiTONRECEPHHIIER T4y, by RO BFERFRE € m ned anpunt,

of ‘a position,digect by heh awthenGuiLingshlade 821, ¢ as cshown ddy HiGq 14
(a) . The sem conductor wafer 2 iS also 'positioned such that the cutting
bl ade 821 is Pyvcat eairzevw 0L t He LEnt ekd 63) t héNleaséhepchsiedsddgrrodle 25

formed in thenamely, 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, is
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 pm
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 blade 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 thereby brought to a predeterm ned infeed position as indicated by
solid lines in FIG 14(a). This infeed- pagsi-tion is set such that the | ower
end of the cutting 5 blade 821 reaches the protective tape 6 stuck to the

back of theigemigoaddctoe walek 2apas 3howWAamB1Fl GenhtdeanianddubkG6r 15(a).
Then, the cuttln 2Iade 821 is rotated at .a gredetern1ned rotatlonal
u

speed, and t H8T€Auck t4bMEVEE 1M FardlyloPhaPSerPESAdRet 6P RAFEF 22

moved at a predetrer nined)cuihtiing iffeed speedned aodithec b@ﬂtllaell cabed by an
arrow XI in FIG__14(a). V%en the chuck table 81 name t he sem conduct or
wafer 2, comé® £4Csudh (&) -poSPENonthRaf iRk wRhe? &hd %??%%Y'eﬁﬂeln FI GS.

14(a) ands15 S%ﬁabhdgEtb&ew%tfre%et2 23 ¢l snbegatedpg phedebenri ned anount
leftwardly of the position dlrectly bel ow the cutting blade 821, as shown

in FIG 14( bfortrﬁépﬁﬁﬁléﬁ*énﬁioofthﬁépa@ﬁt@@kbﬁéH?@“BIhenéﬁféWtSt ke, in a

sem conduct oly;Waken o, p e%qum%r BY, %‘Bef %%@lelﬂg rhhe qhuckct ablg;igl,
nanely, the 20 senlconduc or wafer 2, for feeding, a cut groove 27

reachi ng t he Bagk -ofint k& g@ﬁa&ymguﬁ%%iﬁbﬁ@ﬁtzomé f@hﬁé@bYaﬁbﬁgsﬁﬁéet
| aser - processed .gr %%V%u%S formed, i3 J m%%tSttr e%é %% 1‘9."1%56%}5ﬁ5@

sem conduct or waf er i's cut as sho s cuttlng
step, onl§ thémsewﬁ¢on@u©ﬂ@ﬁez§2§ubsWhaDeth Bsreﬁt 59 thebeuttt ngebt ade

gﬁtltl Ih' S Ca’i‘las%%‘é%”t% [g peeld ”c% OI? e slam ]p%?to%e%llt%'t%g c%t%%?ed by
g the lI'am nate forme ace o sem conductor Substrate
20, by the c&ﬂﬁ@wgS@ﬂadeh@Zﬁbove descrlbed 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 1is
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-described 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 wafem 2, is noved in a direction
indicated by an arrow X2 in FIG 14(b) until it is returned to the

position showppairatbEGus2d4(ah. theedpoltbeiabuekamhpbke 81e naneEby)lotvbe 5
sem conduct or waf er i

2, is indexed, .by an a nt. corresponding to the
spaci ng between t he 3t Eet> %§5?41%%gQﬁTegpgénlﬁéﬁﬁendicuIar to the sheet
face in the draw ngiaWdletgth:n aB5 agexi ng feed direction), whereby the
street 23 to be cut next is broqut,to the}Pos%hion gﬁﬁoied to 10 the
cutting bl ade 821. RMHEF I Sthedt? 23 9B BEYut “HekP s“Béen | ocated at
the position opposeditmtt:neocat tiong . oblyade 821, the above-described cutting
step is performed. The foregoing cutting step is perfornmed for all the
streets 23 forned iTPQ4fe STEH CHRIREDT waférH®. As a 15 result, the

sem conduct or waf erpbdes GiHg g ddad aser toppocesngdegrhaaves 25 forned
in the streets 23, and is thereby separated into individual sem conductor

chips 20. |nEERe&Peatting step, cutting is carried out, with cutting water

(pure water) being ssupplded. s Fhus; 14 e drotactine 20 fdJmP4 can be removed
by cutting water supplied, wthout the need to provide the aforenentioned
protecti¥e fiComPosapeal Watepriem@ingicdual |y. As noted here, the cutting

step may be performa%éyﬁgéadgygngg§¥HJy gegpving as the protective film
removal step. 25 Wiile the wafer process?ngbnethod of the present
i nvention has been describedybasgd ahcohel enbodngrentsapenification

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 follow ng exanples are as
follows: Source of laser |ight: YV04-l aSer 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: 9cBanpProtessi Agaf.eethspeeabsdrpol O0cowdf Secomdt ¥ Exanpte 1) A
protective fi

film.,agent of the follow 10 coppositio -pr epar ed:
Wat er - sol ubISIBEFgéigﬂE Egegpﬁfﬂt}?\‘ﬂtﬁy\g ggég‘hapeﬂge‘(”ﬁla égé\é\ﬁf?l cgti on degree
of 88% and a pol yrerinzattihegn ategree e maft 300 vaNftidm saleultl, e a asert datghte

absorber: 0.2 15 Ferulic_acid Wter: 80 absorption coefficient k of
the solids élig%@fi‘ffép? aTﬁngﬂ%‘\?ésplogt chi b‘g %F‘Fn?%gﬁij fBs3cdatedonn a
silicon waf eafby ansphBneemeafdndieiredst onf akamplpr ot ectayer 20 fil m having a

t hi ckness on the street of 0.5 to #.5 m . Then, the silico fer having
the protect PY8FEEMPol ABdPEREr86R Was “hEuAfBa BATTRE | 48 r\éVE?ocessi ng

apparatus eebpkytagewrt hnt ke sahevecspecicf keahi QRSerandopesroabieeted to
| aser processing. Then, the protective filmwas washed 25 off w th pure
wat er, and thE SUFFEURELARES 6f thE ILASEF SseRfs Werelobsérede BOI §BS of

the edge ar@ameWRb@ner 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 pm 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
anmount of 35 ferulic acid, a water-sol ubbg lLaser |ight absorber, was 27
changed to 0.8 g. The g absorption coefficient k of the solids of the

protective fikbmiagept was pr6i%tOite Ebhﬂga Qﬁtabgye7999i@éiive filmagent,
a protective f|In1haV|n% a thi ckness of g\ga formed on a silicon 5
rpr

wafer in the same HEANSr Q?l%?Q§%MﬁﬁQ§?ftlf§s 6668¢i G WES T F&EEIFmed in

the same manpeny apdihhea photeekk¥ecki bmpwas washged @ég YhtheWabar a
Observation of . the surroundi ngs of the | aser scans h was nade in the

sane manner &$1PACBxHAPFE 1D SHEWEG™Ro™MBBPSSi £Fon o inﬁp Bbris. B wi dt h

of processi ngrwasssthghi:h¥ bakgermelann th@ baﬁ@rméﬁﬁérdlaﬂatehe but the
silicon wafer was at a usable level. (Ex le 3) A protective film agent
was preparedPFﬁt?ﬁEl¥§n€llTSWﬁénWéﬁhﬁg PﬁfE%éﬁbléaierechRﬁe¥Y%&l%%l@ i nyl

al cohol  having §u§§egaaﬁh@@tb@ntﬂggnggeefSZQﬁ%athﬁcHOkMQEﬁba@thﬁnthgegree
of 500 was used as the wateéer-soluble resin. g absorption coefficient k

of the solidsape mﬁénﬁﬁoﬁécﬂpvgxaﬂpﬂﬁ1égeﬁbow&g 2056R20s1tasn AfExanmpl e 1.
20 Usi ng thed@B?!E pr@ﬁ@C&iaghfbknb§&@@§31@gpw&@e@émagaagién&@aymgg a

t hi ckness of 0.5 .5 mwas forned on a [icon wafer in the same manner
as in Exh%pléaﬁﬁrL§§ét d@ﬁ@@é§§|Mgthﬁﬁtpéﬁﬁéﬂﬁeénfhu?héeséﬁémnéhﬁer, and

the protectiye filmwas %@%h%gaggkgw%g@mwater. bservation of
(Example 5)

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 7.9x107°
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 1.94x107°.
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 from
the thickness of the coating film 30 (Exanple 4) A protective film agent
was prepared in exactly the sanme manner as in Exanple 3, except that a
wat er - sol ubl e nonoazo dye (Al ZEN SWI'WB, 2Hodogaya Chem cal Co., Ltd.) was
used, instead of ferulic acid, as the water-soluble |laser 35 |ight

absor ber. Thelglabsowpfbmninoehéiebm&tm&noérthe 28 Egehpds of tleser
protective f|In1a ent was 7.9 x10-2 LBln ghe above grotectlv filmagent,
a protectlve Prf ﬁaglng ap ﬁlcfnegs of 6 5°t0" ﬁ\hﬁ% 90 n%d on a
silicon waf eprbnethévsafelmamaer washin Eiﬁrmhtehlwateser &b g eSS as
performed in he sane nner ? g ﬁ grotectlve g]mas washed aé W th
wat er. Qbser VAf HroPu KBISUPFoliREi NGSCoF SERBST a¥ Fc c4A8, "#HFch"was® made
in the SﬁﬁEsﬁmﬁnﬁén&SrlEsEX&ﬁﬁkem#leShQMedonéddﬁQ@SEHIQép@EldebhiSf The
wi dth of pro si.ng was conpara 2 Q 10 | aser spot diameter without
havi ng ianu@ﬁ%élﬁroﬁP?hBegﬁﬁpgkﬁgs§ 6f 1£h8 coating film (Exanple 5) A
protective fil magent was prepared in exactly the sane manner as in
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 S. Using the above protective filmagent, a
protective filmhaving a thickness of 0.5 to 1.5 mwas formed on a 20
silicon wafer in the sane manner as in Exanple 1. Laser processing was
performed in the same manner, and the protective filmwas washed off with
wat er. Cbservation of



t he surroundi ngs of the | aser scans, which was made in the sane manner as
in Exanple 1, showed no deposition of 25 debris. The wi dth of processing
was conparable to the |aser spot dianeter w thout having influence from
the thickness of the coating film (Conparative Exanple 1) A protective
filmagent was prepared in exactly the 30 sane manner as in Exanple 1,
except that ferulic acid, a water-sobyble |aser |ight absorber, was not
used. The g absorption coefficient k of the solids of the protective film
agent was 1.94xl0-3. Using the above protective filmagent, a protective
35 filmhaving a thickness of 0.5 to 1.5 mwas fornmed on ar 29 silicon
waf er in {hg: SpEe-1RNReIsas in Exanple 1. Laser processing was perforned
in the same manner, and the protective filmwas washed off with water.
Qbservation of the surroundings of the | aser scans, which was made in the
5 sane mahner s povtecaimeefilmshgpaved for Rededefdsihgpreadprideing  and

eeling of the film .30 - Wat. we aim,is: 1. A protective filmagent for
Pacer o CPpCiom iRy aSShITRY Sh&riines el Pa it peres 1 T
wat er - sol gpliedRS bRealsk e sdaasle 088 cwal EFhiS AbsRIr@cr-aseledt GitE s Or ber

sel ected from the group consisting of a water-soluble dye, a water-soluble
col ori ng FRe tBFOUR FPE Wiied- 36| 3 an1SChHH e BY 8bsd i FdR L~ SHddieh sol i ds

of the soLyibpinbaysrees, ADSQ PO £OSSThLT N1t Mavidlied aXoddagt With a
wavel ength of 355 nm wthin a range of 3x10-3 to 2.5x10-1 absL/g (abs:

absprbancB??rQ?“The protective filmagent for laser dicing according to
claim1, whereigpihgs |ASehe! 59N 2OSUNRL 4 § 688L2HPEGh IdbFicient

k, for laser light with a wavelength of 355 nm, within a range
of 3x1073 to 2.5x107! abs‘'L/g (abs: absorbance).

2. 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.

3. 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 or 2, followed by drying, to form a protective f£ilm;
and

irradiating the surface, which is to be processed, with
laser light via the protective film to perform processing,
wherein

a wavelength of the laser light is 355 nm.

4, The processing method according to claim 3, wherein a
plurality of semiconductor chips partitioned by streets
arranged in a lattice pattern are formed in the wafer, and the
streets are irradiated with the laser light via the protective

film to form grooves.



anount of 0.01 to 10 parts by wei ght based on 100 parts by weight of the
wat er-soluble resin. 3. A processing nethod for a wafer, conprising:
coating a surface of the wafer, which is to be processed, wth the
protective fil magent for laser dicing according to claim1 or 2, followed
by drying, to forma protective filai31land irradiating the surface, which
is to be processed, with laser light via the protective filmto perform
processing, wherein a wavelength of the laser light is 355 nm 4. The
processi ng nmethgd according to gclaim3, wherein plural jpty. of_ .

sem conduttor c P'ﬁ?ﬁ?ﬁeﬁsﬁ?’c?nr&%&ﬁ@éétclpgé'\fygngaw 5@8&8‘ ‘J?lr?rahi gf{hﬁrceé‘npattern
are fornmedhknprhecvaies, fahd iRerembvebtivy afgsiinadiiattedaddd ddwed aser
light via,the protective filmto formggrooves. 31 5. The processing

met hod ac&SFGF‘E@tPB“CVéF% shgrlase BfYr the protective filmis removed by
washing with water after - irradiation with the | aser |ight.





