1 WAFER PROCESSI NG METHOD Field of “the Invention 5 The present invention
rel ates to a | aser processing nethod for carrying out predeterm ned
processing by applying a |laser beamto a predeterm ned area of a wafer
such as a sem conductor wafer or an optical device wafer. 10 Description
of the Prior Art As is known to people of ordinary skill in the art, a
sem conduct or wafer conprising a plurality of sem conductor chips such as
ICs or LSI' s, which are conposed of a |lam nate consisting of an
insulating filmand a functional filmand 15 fornmed in a matrix on the
front surface of a seniconduct SPFERFRACHSS 1816 MESHAD si | i con substrate is
manuf actured in the production process of a sem conductor device. The
above sem conductor chips are sectioned by dividing lines called
"streets" in tHissldafi ddeddotwemtviafrer and separated from one 20 anot her by
cutting the sem conductor waf r,alon%,the streets. An optical device wafer
conpri si ng”opti cal i £&§3EGISFENLPIg ZRLiak®Sniter Bdé abaseroorssind
sem conduct or sndtEdabedtad ' I ectioned_by
streets formed in a lat tﬁﬂcﬁglgia#)%g??ﬂo%&et%r@{rrg%p%&?%i%éggf%%aER ghffe 25
substrate or tBhdasiskebeam dlosa gireidedderimined adiew dfal Qpfeeakucteriscgs
such as |ight AN | gdes .or | aser diaqdes .along dividing lines, and
the opti cal des\%%clecgngir%ecq\ﬁrdéﬁ s &F 3R ARG, desdrgmafier-Cutting al ong
the streets of the wafer such as a sem conductor wafer or optical device
wafer is & generally carried out wwth a cutting machine called "dicer".
This cuttt'hg T tdown oifs ddeq Patigek Ardbl e for hol ding a seni conduct or
waf er as a workpi ec c |.hg ns. . for cutti.n t he. sem ¢conduct or waf er
hel d on the chuck tablée.- ghébg %gsgﬁﬁp ﬁegﬁsoFgﬁgﬁﬁyiﬁ&liﬂglehGEE g&bre and
the cutting mearesnieirdictes Pwhleeatinpdtitang IBe ueuwltitish BEAS SRRRELSES a

rotary spindle.. , )
chips such as IC’'s or LSI’'s, which are composed of a laminate

consisting of an insulating film and a functional film and
15 formed in a matrix on the front surface of a semiconductor
substrate such as a silicon substrate is manufactured in the
production process of a semiconductor device. The above
semiconductor chips are sectioned by dividing lines called
“streets” in this semiconductor wafer and separated from one
20 another by cutting the semiconductor wafer along the streets.
An optical device wafer comprising optical devices composed
of gallium nitride-based compound semiconductors laminated
in a plurality of areas that are sectioned by streets formed
in a lattice pattern on the front surface of a sapphire
25 substrateor thelike, isalsodivided into individual optical
devices such as light emitting diodes or laser diodes along
dividing lines, and the optical devices are widely used in
electric equipment. Cutting along the streets of the wafer
such as a semiconductor wafer or optical device wafer is
30 generally carried out with a cutting machine called “dicer”.
This cutting machine comprises a chuck table for holding a
semiconductor wafer as aworkpiece, a cuttingmeans for cutting
the semiconductor wafer held on the chuck table, and a moving

means for moving the chuck table and the cuttingmeans relative



that is rotated at a high speed and a cutting blade nounted to the
spindle. The cutting bl ade conprises a disk-1ike base and an annul ar
cutting edge that is nounted to the side wall 5 outer periphery of the base
and formed as thick as about 20 mby fixisng di anond abrasive grains having
a dianeter of about 3 pmto the base by electroformng. To inprove the

t hroughput of a sem conductor chip such as IC or LSI, a sem conductor
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parylene-based polymer film and a functional film forming
15 circuits on the front surface of a semiconductor substrate
such as a silicon substrate has recently been implemented.
When the above semiconductor wafer having a Low-k film
laminated thereon is cut along the streets with the cutting
blade, there is a problem that as the Low-k film is extremely
20 fragile likemica, the Low-k film peels off, and this peeling
reaches the circuits and causes a fatal damage to the
semiconductor chips. Even in a semiconductor wafer having
no Low-k film, when the film laminated on the front surface
of the semiconductor substrate is cut along the streets with
25 the cutting blade, a problem occurs that it peels off by
destructive force generated by the cutting operation of the
cutting blade, thereby damaging the semiconductor chips.
To solve the above problems, a dividing method for
applying a laser beam to the semiconductor wafer along the
30 streets to remove the laminate having a Low—k film forming
the streets and then, positioning the cutting blade to the
area from which the laminate has been removed to cut the
semiconductor wafer is attempted. Such a processing machine

for carrying out the above dividing method is disclosed in



JP- A 2003-320466. When a | aser beamis applied along the streets of the
sem cgonduct or wafer, however, heat energy is concentrated on the area to
whi ch the | aser beam has been applied to produce 5 debris which adhere to a
bondi ng pad connected to a circuit, therepy deteriorating the

sem conductor chip. To solve the above probl em caused by the debris, JP-A
2004- 188475 di scl oses a | aser processing nethod in which the surface to be
processed of dPwdr RPi0Seezi0d édavered with a 10 protective filmand a | aser

beamis applied to @ge vvorﬁ)i ec t hrough the protective film When the
surface to be proce8S&H Fel isikbitecaPps 1egogépra Whe 15 tuRe e otfethieve
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film however, the 15 | aser beam passes through t ectrve
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protective fillmto cause debris to adhere to the outer periphery of the
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i nfluence of debris produced by applying a | aser beamto a wafer.
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When the surface to be processed of the workpiece is
covered with the protective film and a laser beam is applied
to the workpiece through the protective film, however, the

15 laser beam passes through the protective film to process the
workpiece and its impact force peels off part of the protective
film to cause debris to adhere to the cuter periphery of the

exposed chip.

20 Summary of the Invention

It is an object of the present invention to provide
a wafer processing method capable of preventing the influence
of debris produced by applying a laser beam to a wafer.
According to the present invention, the above object
25 can be attained by a laser processing method for processing
a wafer by applying a laser beam to a predetermined area of
the wafer, comprising:
a resin film forming step for forming a resin filmwhich
absorbs a laser beam, on the surface to be processed of the
30 wafer;
a laser beam application step for applying a laser bean
to the surface to be processed of the wafer through the resin
film; and

a resin film removal step for removing the resin film



after the | aser beam application step. Preferably, the resin filmis forned
of awater-soluble 1ight absorbing resin prepared by mxing a |light
absorber with a water-soluble resin. The above water-soluble [ight 5
absorbing resin is a resin prepared by mxjng a polyvinyl alcohol wth
titani um di oxi de. The above resin film preferably has a |light absorption
coefficient of 1,000/cm or nore. The above wafer is a sem conductor wafer
conprising 1®EsEH ddwriukaser dégs awpLhcatronospesed of a | aminate

consi sting of an insEH:I afte! n firgghg&%%ggflt&h%n %‘E{néhrgafragd f(}lr_rred on the
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above res | faormthe resin filmwhich absorbs a
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step is to form the resin film which absorbs a laser beam,

15 on the front surface of the semiconductor substrate, and the

above laser beam application step is to form laser grooves

which reach the semiconductor substrate by applying a laser

beam to the laminate forming the streets through the resin

film. The semiconductorwafer havingthe laser grooves formed

20 by the laser beam application step is cut along the laser

grooves with a cutting blade to be divided into individual
semiconducteor chips.

The above wafer is an optical device wafer which has

a plurality of streets formed in a lattice pattern on the

25> front surface of a substrate and comprises optical devices

formed in a plurality of areas sectioned by the plurality

of streets, the above resin film forming step is to form the

resin film which absorbs a laser beam, on the back surface

of the substrate, and the above laser beam application step

30 is to form laser grooves in the substrate by applying a laser

beam to the back surface of the substrate through the resin

film. Theopticaldevicewaferhavingthelaser grooves formed

by the laser beam application step is divided into individual

optical devices along the laser grooves by applying external



5 force to the | aser grooves. Since in the | aser processing nethod of the
present invention, the resin filmthat absorbs a |aser beamis forned on
the surface to be processed of the wafer and then, the 5 | aser beamis
applied to the wafer through the resin fil the resin filmabsorbing the
| aser beam becones a processing start poiht. Since the wafer is processed
by the application of the |aser beam after the processing start point is
formed in thefoms ntdithe ldmegeqesatéon of inpact force caused by 10 the
| aser beam passing through the resin filmcan be prevented, thereby
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Therefore, it is possible to prevent debris from adhering
to the outer periphery of the chip exposed by the partial
peeling of the resin film.
15

Brief Description of the Drawings

Fig 1 is a perspective view of a semiconductor wafer
to be processed by the wafer processing method of the present
invention; |

20 Fig.2isanenlargedsectional viewof the semiconductor
wafer shown in Fig. 1;

Fig. 3 is an explanatory diagram showing an embodiment
of the resin film forming step in the wafer processing method
of the present invention;

25 Fig. 4 is an enlarged sectional view of the principal
section of a semiconductor wafer covered with a resin film
by the resin film forming step shown in Fig. 3;

Fig. 5 is an explanatory diagram showing another

embodiment of the resin film forming step in the wafer
30 processing method of the present invention;

Fig. 6 is a perspective view showing a state of the

semiconductor wafer covered with a resin film being supported

on an annular frame by a protective tape;

Fig. 7 is a perspective view of the principal section



Fig. 7 is a perspective view of the principal section 6 of a | aser beam
machi,;ne for carrying out the | aser beam application step in the wafer
processi ng nethod of the present invention; Fig. 8 is a block diagram
schematically showing the 5 constitution gf | aser beam application neans
provided in the |aser beam machine shown in Fig. 7; Fig. 9 is a schematic
di agram for explaining the focusing spot dianeter of a | aser beam Figs.

10 (a) and 10 qb)a arasel dppamsndctiexptet ntagryhey dot | aser1 b€ pean
application step.n the wafer processing nethod of the present invention;
Fig. 11 is anagﬁﬁ.QEﬁH?VS FRJrakh e WA P P Festin o Bgihodupl tharirmsent
position in theJaseioeam application step in the wafer processing nethod
of the present invention; 15 Fig. 12 is an enlarged sectional view of the
principal section dia-hé senmiacdicudt aiawafaer shenag iddldsersharaene ther med
by the | aser beam.anplicatiqn step.in the wafer processing nethod of the
pr esent insentcloglrf‘;t 'lﬂ:.l%O?'sl‘?ﬁegI}Flez%nbéﬁpéé%?ibﬁalmﬁ%ﬁ‘-’é‘i/vpé’Pthﬁ‘é*dpmﬁélepal

20 section of IR rSeydaa0 il Ble W& fiPMFmpi op, the resin film formed on
the front surface has been renoved by the resin filmrenoval step in the

waf er processing netthdd disehecherseint diagyenticarexgd ainildy tBe £ cpersipect i ve
view of the pringi pal..sectio 25 of a.cutting nmachine for carrying out the
cutting step igﬁ%qft @am%%eceerr BtocesAIRF MRHYA of the present invention:

Figs. 15 (a) and 15xGls.ate (di aghanso W ePh2bBirAgst Bsr éléiﬁi[alirfgj.é-?gf( Gc)lﬂ?lei n
t he wafer progessin met hod of the present invention; 30 Fig. 16 {a) and
16 (b) art®expisfs gﬁ“ﬂﬁ&@ﬂé#ﬁtéﬁﬁv\ﬁﬁgp thathe 'wa Senircomwhsstiory waftdiod s

cut al ong the Jfas8e HNER i%é&eio%u_tti ng step in the wafer processing
met hod of the !

Fig. 11 is an explanatory diagram showing a laser beam
application position in the laser beam application step in
the wafer processing method of the present invention;

15 Fig. 12 is an enlarged sectional view of the principal
sectionof the semiconductorwafer havinga laser groove formed
by the laser beam application step in the wafer processing
method of the present invention;

Fig. 13 is an enlarged sectional view of the principal

20 section of the semiconductor wafer from which the resin film
formed on the front surface has been removed by the resin
filmremovalstepinthewaferprocessingmethodofthepresent
invention;

Fig. 14 is a perspective view of the principal section

25 of a cutting machine for carrying out the cutting step in
the wafer processing method of the present invention:

Figs. 15(a) and 15(b) are diagrams for explaining the
cutting step in the wafer processing method of the present
invention;

30 Fig. 16(a) and 16(b) are explanatory diagrams showing
that the semiconductor wafer is cut along the laser grooves
by the cutting step in the wafer processing method of the
present invention;

Fig. 17 is a perspective view of an optical device wafer



present invention; Fig. 17 is a perspective view of an optical device wafer
7 to be processed by the wafer processing nethod of the present invention;
Fig. 18 is an explanatory diagram showing that the resin filmfornm ng step
is carried out on the optical device wafer_, 5 in the wafer processing

met hod of the present invention; Fig. 19 i§ an enl arged sectional view of
the principal section of the optical device wafer covered with the resin

filmby the reasi befptond osad vy SheRhaWBrbBeEsInglBet @ o200k Albent

expl anat ory di agram showi ng a | aser beam 10 application position in
| aser beam appT&RttieMistep in the wafer processing nethod of the present
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Fig. 21 is an enlarged sectional view of the principal
section of the optical device wafer having a laser groove
formed by the laser beam application step in the wafer
15 processing method of the present invention;

Fig. 22 is an enlarged sectional view of the principal
section of the semiconductor wafer from which the resin film
formed on the front surface has been removed by the resin
filmremoval step inthewafer processingmethod of the present

20 invention; and
Figs. 23(a) and 23 (b) are explanatory diagrams showing

thedividing step inthewafer processingmethod of the present

invention.

25 Detailed Description of the Preferred Embodiment

The wafer processing method of the present invention
will be described in more detail with reference to the
accompanying drawings.

Fig. 1 is a perspective view of a semiconductor wafer

30 as a workpiece to be processed by the wafer processing method
of the present invention and Fig. 2 is an enlarged sectional
viewof the principal section of the semiconductor wafer shown
in Fig. 1. 1In the semiconductor wafer 2 shown in Fig. 1 and

Fig. 2, a plurality of semiconductor chips 22 such as IC’s



in Fig. 1. In the sem conductor wafer 2 showmn in Fig. 1 and Fig. 2, a
plurality of sem conductor chips 22 such as ICs 8 or LSI's, which are
conposed of a lam nate 21 consisting of an insulating filmand a
functional filmformng circuits and forngd in a matrix on the front
surface 20a of a sem conductor substrate 20 such as a silicon substrate.
The 5 sem conductor chips 22 are sectioned by streets 23 fornmed in a

lattice patterox LST’tshe whiilchsbrat esmpobedigent ,lainﬁﬁ_atlkanﬂ"@éﬂé‘ﬂsﬁil[rg lof

form ng the | am nate Jﬁ% is ap SiI2 filmor a lowdielectric insulating
film(Lowk fith*HHaldnd Hiniand & B ethicimmhi ol imttmeing uriir casl £ OF
or BSG (Si OB) #d 1h@ndd ! ' ter] ch_as ol yi m de- based
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seni conduct or semifeon@ucttangublse ratee2d $u2d, akhe sstepodf shveridge 8 Mg N

filmwhich abssor hs a%gcser bcﬁglm o&éhe front surface 2a that 15 is the
surface to”be Proce ST tHeRD Fehini SdRRast byvartageets i28 fiorsed
carried out. Th % resttydd lgadedsi Ng 15t 8Re i3S kR I C
absorbs a laser beamto th.eﬁafront surface fal%]%ttq:%?%iem C(;%Eid't%lce?@r’ WEfer 2
with a spin co@SHating SHowfcanmiFigy the lEhdnaite, 2tthéssphns toatfEin or
conprises 20 2k, it ab 1 havi a. suct.i.on- hol di.ng. nmeans_ and a nozzl e
42 arranged agdo@teaj%k@elegleén erficpd.'ﬁ%]'g%tolfngl f#eljﬁ[hu Wb . fopmed of a

seni conduct or fidfreof2ahsipbagedi emiber chuck dipkles4br of f@?, @Epiidaa)c%@:.t er 4
I n such a ganner sthat the front surface 2a faces up, and aliquidresinis
t

dropped oh’t hé &ddflePpant PEA2RECORataBiaL oBiECk (AT & @odfy ittislesdrrsaahauct or
wafer 2 from tﬂ&%yl@?@%%‘#{ﬂl&ﬁnéﬁeﬁﬁq&mk table 41 is rotated. Thereby,
e out

the liquidresin flows tot er periphery of the sem conductor wafer
2 by centrifugal fofce tthecdesert peocessingubfacte?aboile 5Re i TRMGRRAYCt Or

wafer 2. This _ligquid resin res by 30 itself along the passage of time to
forma resin 1'w|a1f?‘ﬁr2% ﬁi\ﬂnﬂg%ﬂ’f tsﬁi%ﬁ?éss?%f tsodtep o Formdaat lke resdmt

surface 2a of film which absorbs a laser beam on the front surface 2a that

15 1is the surface to be processed of the above semiconductor
wafer 2, is first carried out. This resin film forming step
is to apply a resin which absorbs a laser beam to the front
surface 2a of the semiconductor wafer 2 with a spin coater
4 as shown in Fig. 3. That is, the spin coater 4 comprises

20  a chuck table 41 having a suction-holding means and a nozzle
42 arranged above the center portion of the chuck table 41.
The semiconductor wafer 2 is placed on the chuck table 41
of the spin coater 4 in such a manner that the front surface
2afacesup,andaliquidresinisdroppedonthecenterportion

25 of the front surface of the semiconductor wafer 2 from the
nozzle 42 while the chuck table 41 is rotated. Thereby, the
liquidresinflowstotheouterperipheryofthesemiconductor
wafer 2 by centrifugal force to cover the front surface 2a
of the semiconductor wafer 2. This liguid resin cures by

30 itself along the passage of time to forma resin film 24 having
a thickness of about 1 to 5 um on the front surface 2a of
the semiconductor wafer 2 as shown in Fig. 4. The resin for
covering the front surface 2a of the semiconductor wafer 2

1s desirably a water-soluble resist.



t he sem conductor wafer 2 as shown in Fig. 4. The resin for covering the
fronts surface 2a of the sem conductor wafer 2 is desirably a water-soluble
resist. 9 The resin formng the above resin film24 will be described
trerein below. It is inportant that this regin should have the property of
absorbing a | aser beam as descri bed above, and its |ight absorption
coefficient is preferably 1, 000/cm5 or nore. The resin form ng the above
resin film24 is dedihcapiesing fgamemos diheblabavasires ik niddmire afila pad yvi nyl

al cohol and tj lym di oxi de. as a |ight gbsorber may be used as the resin.
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sul fide pignent, nitroso pignent, nitro pignment, azo 1ake pignent, |dke

pi gnent, pht F&A%éFant kght 7 tidmdartirieientpi gmen f arab Iuiln A00/dane

pi gment agcorgdi o mh.ne. wavel h of a_laser beam. se, anot her
enbodi mentgto o@%%hg%%eg%,\%‘ if?’m%%ﬁ B P 8ve1%5flrrbm?’§ér4fja%gsé§&r ltyhe.
above seni conduwtberwabeub2e sesiwl e aokubke L% PosPoehy BRI hZAankavi ng
t he above pro%fe_:lrt . of absorbing a | aser beam may be affixed to the front

surf ace 2a Wi edhea@Dp Medhdr apsogbesHam bernge g asstheresint. he
resin film24qng forgped ur, of. the sem _cqnduct or
waf er 2 by theh}b&\?’e resa?}Iri:s01ElJi?JI%nI:c ?[%&[mb%g sﬁ%&%&l@?ﬁéﬂgggﬁ% rrfjglcglg'lantlﬁ@
seni conduct or di@fkgrde? icerimm cxolde,pradréctn e dape firaf fdadeth t ]Egj_alrﬁc?j}[lm ar
frame S shown . in Fi 6.. The | aser beam application step of applying a
| aser ng%ea%otwgetrheygg?ﬁ‘ddﬁﬁfbf’ﬁ fafBt DL APl ARenke HEsTesq PROTRAT,

formed on the rfirgidt dREL a28 LdNOHIEmERE, NeX | 4. e ut
next. This |aser be%%nglgppl i gat i on és)?egmi secé;%?dlegbd{é%%%l@‘b?hﬁ'lslﬁ%gcggﬁgggr
beam nmachi ne $AGWEN RNganthnene pipment] aset deammamchinee ¢i gfevin i n

L Fonen oSGy AP ARG b ¥ A T T KRS @
As another embodiment to form the resin film 24 on the
15 front surface 2a of the above semiconductor wafer 2, a
water—solubleresinsheetmember24ahavingtheaboveproperty
of absorbing a laser beam may be affixed to the front surface
2a of the semiconductor wafer 2, as shown in Fig. 5.
After the resin film 24 is formed on the front surface
20 2aof the semiconductor wafer 2 by the above resin film forming
step, the back surface of the semiconductor wafer 2 is put
to a protective tape 6 affixed to an annular frame 5 as shown
in Fig. 6.
The laser beam application step of applying a laser
25 beam to the semiconductor wafer 2 having the resin film 24
formed on the front surface 2a through the resin film 24 is
carriedout next. This laserbeamapplication stepis carried
out by using a laser beam machine shown in Figs. 7 to 8. The
laser beam machine 7 shown in Figs. 7 to 9 comprises a chuck
30 table 71 for holding a workpiece, a laser beam application
means 72 for applying a laser beam to the workpiece held on
the chuck table 51 and an image pick-up means 73 for picking
up an image of the workpiece held on the chuck table 71. The

chuck table 71 is so constituted as to suction~hold the



means 72 for applying a | aser beamto the workpiece held on the chuck
table 51 and an i nmage pick-up neans 73 for picking up an inmage of the

wor kpi ece  held on the chuck table 71. The chuck table 71 is so
constituted as to suction-hold the 10 workpi ece and to be noved by a noving
mechani sm (not shown) in a processing-feé@ direction indicated by an arrow
X and an indexing-feed direction indicated by an arrow Y in Fig. 7. 5 The

above | aser beaRKHIRId @hldoR "B Ve Wa@éﬂhgdﬁé&%nfﬁ' Q_%gl?%é&%r)anged

substantially horizontally. In the casin heré areIn pul se
| aser beam o0$¢&i Bl RroerssBags fE22 dideattivansintssaondopyi ol asyst emands,

as shown in Fi_g. .B.; The se, l.aser heam oscillation nmeans 10 722 is
constit ut ed b?glalgglegéqggg&edbg&ﬁe5§épﬁ APgrCased b¥oAP RBEOWTY dNYAdGd-aser
oscillator or 7YVO4 |aser oscillator and a repetition frequency setting
means 722b connected to the pul se | aser beamoscillator 722a. The
transnission opticahespbodn 128 ezomeeans eppduidedilon amtansal7elbersent s such

15 as a beam I - 1 enser_724 haqusj ng condensin | enses (not
shown) constil?ﬁilé%i]&%g/ Cgeise?s%gl €risé r?ﬂgf‘-én%@f’s @(#SWVE‘OF& F?ﬁlftiac}ﬁryi's

attached to tle ¢hé efastibe alzave terTeNGre/dhstAll1a%eh BRANOIGislkhrabedyf rom
the above pul se | aser beam oscillation neans 722 reaches the condenser 724

through the 205Cranrstiosn BAaBHLT LRSS terarsrE sEidn spapphl ety s tam7eke
orodet or i med FosnarmoPh BELR CrleoPnt IF, FRPYE oM S Bt eats i s

predet erm ned Tocusing spot”di aneter

defi ned b0t h&2expsesonatiButgd b X pi ot fladeédt bedll dsMienegitb/Vidss the
wavel ength (m_of a pul %e 25 | aser beam Wis the dianeter (nm of the
pul se | aser bERAPOZSH PER (G asepErié lasnaeps efVO4Aasersascaddators t he

Ve 19,205 Al oS S arbiN g SERERIS S L A it 08
obj ecti ve cond&sspiillsend asR4a befant hves cddridemser7?22a. The transmission
optical system 723 comprises suitable optical elements such
15 &s a beam splitter, etc. A condenser 724 housing condensing
lenses (not shown) constituted by a set of lenses that may
be a known formation is attached to the end of the above casing
721. A laser beamoscillated from the above pulse laser beam
oscillation means 722 reaches the condenser 724 through the
20 transmission optical system 723 and is applied from the
condenser 724 to the workpiece held on the above chuck table
71 at apredetermined focusing spot diameterD. This focusing

spot diameter D is defined by the expression D (um) = 4 X

A X £f/(xm x W (wherein A is the wavelength (um) of a pulse
25 laser beam, W is the diameter (mm) of the pulse laser beam

applied to an objective condenser lens 724a, and f is the
focusing distance (mm) of the objective condenser lens 724a)
whenthepulselaserbeamhavingaGaussdistributionisapplied
through the objective condenser lens 724a of the condenser
30 724 as shown in Fig. 9.

The image pick-up means 73 mounted to the end of the
casing721constitutingtheabovelaserbeamapplicationmeans
72 comprises an infrared illuminating means for applying

infrared radiation to the workpiece, an optical system for



30 724 as shown in Fig. 9. The inmage pick-up neans 73 nounted to the end of
the .casing 721 constituting the above | aser beam application neans 72

conprises an infrared illum nating nmeans for applying infrared radiation
to the workpiece, an optical systemfor caglturi ng infrared radiation
applied by the infrared illum nating neans, and an inmage pick-up device

(infrared CCD) for outputting an electric signal corresponding to

infrared radi atapuchpg utetldyed hea@pat coh SYSLEOH by @H@iiﬁffaéﬁao an

device (CCD) for picking up an 1mage wth visible

ordi nary i_rragejnﬂpk,-éjg . ng | ; { :
radi ation in the ¥Rt R4 deadhoR ey inege muigek<sigrdevice t (ankmtded to

a control nea S T ser beam application_step which
is carried ou':tSC ]z?L)(};aft)cillL u%lfﬁg&%ﬁi;&%%r\l/egf%égfl%eﬁmﬂ%@hg‘ﬁﬁr%ﬂﬂl@“ﬁ% to
described witinfeirednadiboibhgapturdddy thé@dEcANsydOehblnaddididyl and

Fig. 12. Ig thf(raP | aser bheam agpl i cation step, the sem conductor wafer 2 is
first placdd o @ik ¢AtPRIVabRadePHEkT R deiee (OSIHedmrnpibkieg 7usteawn in
Fig. 7 in suchmhd@nnet hat L de: on. whi.ch. t he, Lp film24 is formed,
faces up, and sucdt?on- hel d g%et éEeﬁ:lc tic tlg?b#elgﬂifﬁ?%@ﬁb?df“éi WSSl ar

frame 5 havi ndi\n tiheags ctigmd Vel g apmtsmifieddd her@im il aEddednakne s
annul ar frarrq,l 5c i% hel d by a suitable franme hol di ng neans of the chuck 20
table 71. The thuckK*¥8bi e 71 sucti on- hol di ng the sem conductor wafer 2 as

descri bed above is posd Uia@redpehghkrBekewrt Re | Lckeup. ns, 73..by a
nmovi ng nmechanismthat is anot shown. pBAf t eF teﬁeggﬁgg‘ﬁh?%%rleyﬂaﬂﬁglep%ﬁ tl oned
ri ght bel 6% t kY iufeig dHhieiatiovs Tesars bEsym aldamiment? warlk foer dédetedidery t he

out by the | miah g S RERERRE s, i BBl h Tl rehalToha: Fivs ThEnshoun
That is, the iFigge 4@ .ck-up nmeans 73 and the control neans (not shown)
carry out inmage processing such

In the laser beam application step, the semiconductor
wafer 2 is first placed on the chuck table 71 of the laser

15 beam machine 7 shown in Fig. 7 in such a manner that a side
onwhichtheresinfihn24isformed,facesup,andsuction—held
on the chuck table 71. In Fig. 7, the annular frame 5 having
the protective tape 6 affixed thereto isomitted. The annular
frame 5 is held by a suitable frame holding means of the chuck

20 table 71.

The chuck table 71 suction-holding the semiconductor
wafer 2 as described above is positioned right below the image
pick-up means 73 by a moving mechanism that is not shown.
After the chuck table 71 is positioned right below the image

25 pick—upnmans73,alignmentworkfordetectingtheprocessing
area to be processed of the semiconductor wafer 2 is carried
out by the image pick-up means 73 and the control means that
is not shown. That is, the image pick-up means 73 and the
control means (not shown) carry out image processing such

30 as pattern matching so on to align a street 23 formed in a
predetermined direction of the semiconductor wafer 2 with
the condenser 724 of the laser beam application means 72 for
applying a laser beam along the street 23, thereby performing

the alignment of a laser beam application position. The



30 as pattern matching so on to align a street 23 fornmed in a

predeterm ned direction of the sem conductor wafer 2 with the condenser
724 of the | aser beam application neans 72 for applying a | aser beam al ong
the street 23, thereby performng the alignnent of a | aser beam

application position. The 12 alignnent of“the | aser beam application
position is also simlarly carried out on streets that are fornmed on the

seni conduct or abafemedtand exeendsier dedin Qp1RRIREHHG AN 11O aﬁ%% above
pr edet er mi ned dirﬁction. At this nonent, 5 although the resin £ IS
formed on t heStPonErdyr Fac&iegaosh R shreeteethal iegef domped oh t-he

sen conduct or 3 [ rried,,out fromthe front_surface
by pi cki ng uﬁégae?ﬁgggt%kt in ?§%g£e$§ ﬁgﬁfbﬁq&ﬁﬁ?%%%}P?ﬁBenﬁég?%a¥iIm

24 is not trahspéhenabote Afredeteheistredtrddtionredapnthhe sepegenduct or
ck table 71 is detected and the alignnment of the

wafer 2 Q@Id ?E t he CQ

| aser beam apBtFRaFFBN gﬁsFﬁﬁbﬁ fdlpafti ta 60¥mad ometkei franhbevefache
chuck table 72aisn Wviesh @ radraser i b ld£34i.00 At the
condenser 724 of the |aser beam 15 app .J%?Féﬁp§§§n§3@58§8ﬁﬂg%§Fy$%ﬁeﬁ

| aser beam i s2 oghigament chbwhei naFrjed16¢h) frombthagfomet esdr fheétbend in
Fig. 10(a)) predefermned street 23 tg a pesition right belowthe
condenser 7248£?£Fﬁ8 §s§% %3ﬁ$aﬁb%$cé?f5ﬁr aﬁ%ngE?OWh%V%%u%me$a§m% 71,
that is, the sesinonduntes Waf gbt2t2AnkpapBKed in the direction indicated
by the arrow X1 in Fig. 10 (a) at a predetermned feed rate while a pul se
| aser bedf 725 is REEEY dd g soweete28ofrioned o 2he Yemncbhduapptikafénn

position of th q%?g1 | l,Qh-neans .72 reaches the other end
(right end in %ﬁ%ﬁé%"( )"Eﬂoz’;g’{ et d tl§3d8§e§ﬁ8ana§§ &ﬁe R 93RS, the
application offthtieplbser|hsen hppiniZ2biohSpsuspentedsandri-heqmyengat of
the chuck tabl,e 71, that is, the sem conductor wafer 2 is stopped.

Thereaf ter, t#eSchiRkdiafiee7Ebea ghackstabhe 71 is moved to a laser beam
application area where the condenser 724 of the laser beam

15 application means 72 for applying a laser beam is located
as shown in Fig. 10(a) to bring one end (left end in Fig.
10(a})) of the predetermined street 23 to a position right
below the condenser 724 of the laser beam application means
72. The chuck table 71, that is, the semiconductor wafer 2

20 is moved in the direction indicated by the arrow X1 in Fig.
10{(a) at a predetermined feed rate while a pulse laser beam
725 is applied from the condenser 724. When the application
position of the laser beam application means 72 reaches the
other end (right end in Fig. 10(b)) of the street 23 as shown

25 in Fig. 10(b}, the application of the pulse laser beam 725
is suspended and the movement of the chuck table 71, that
is, the semiconductor wafer 2 is stopped.

Thereafter, the chuck table 71, that is, the
semiconductor wafer 2 is moved about 10 to 20 Hm to a direction

30 (indexing-feed direction) perpendicular to the sheet. The
chuck table 71, that is, the semiconductor wafer 2 is then
moved in the direction indicated by the arrow X2 in Fig. 10(b)
at a predetermined feed rate while the pulse laser beam 725

is applied from the laser beam application means 72. When



sem conductor wafer 2 is noved about 10 to 20 pin to a direction 30

(i ndexi ng-feed direction) perpendicular to the sheet. The chuck table 71,
that is, the sem conductor wafer 2 is then noved in the direction

i ndicated by the arrow X2 in Fig. 10 (b) &ﬁt a predetermned feed rate

while the pul se |laser beam 725 is applied“fromthe | aser beam application
means 72. \Wen 13 the application position of the | aser beam application

means 72 readiesappéipasibhoposhioen iof €he.1adbd Bham 4551 8PP SRR s Of
the pul se | as beaE}_jZS i s suspended and the novenent "~of the chuck table

71, that is, ?’r@ergé ESnthR B5S ieifay showp im RioppBda) Withe apipd ickaddlont abl e
71, that is, £ t f | I.procat ed escri bed _above,
t he pul se Iastedrfe beagﬁ%%%u?'sa%;e[)rp}gfeea? t7(2)25t ﬁ'esr Zst?lrsg)& Q%{f\ﬁntﬁ g%tesnpar g

point P on tleg tthye simickeeaifle We stohaeat 123 athed swindoridticeiowaksa kRt han
the width pof t.he uttiegg bl ade | ater described as shown in Fig. 11. The
above | ase bééamsia:[%:lﬁ tion step is carried out wunder the follow ng

processing condi ti ogni160EneXaABLE: tabt 87 S of lager | aser
or YAG laser is Wavel ength: 355 nmaRepetjl”t?%’El rlgdug%%y:segg%%d\i{xgg%%m

Qut put: 0.3 t¥afer A iociadinreputedicandeerribe? abovePrivessilie flaedrr at e:
1 to 800 mis 2 ser_.groove wi der than the width of the cutting
bl ade | at er d%%gﬂ 8% is afp(;:’r]%ﬁfij?{:ﬁ Eﬁ% Sr%?ﬁ%%gg 91thot e n@?‘-‘c%?é’-%?ﬁ’é@lt 23
of the sem corduat ghenab®l s2rfalcenet kB eSkieRlt 23 BY GaLAKERI QWL A48
above | aser beam aggl I cation step, .as shown in Fig. 12. The laser groove

25 reachet?t héhpn §Bfi Wy @fotheupat t tne Haden lesrovde s beibediamsboRb.
Wien the pul 5 lgser {qeam 725 is applied to the lamnate 21 formng the
street 23 through the resin film24 as shown in Fig. 11,

The above laser beam application step is carried out
under the following processing conditions, for example.
Light source of laser beam: YV0O4 laser or YAG laser
15 Wavelength: 355 nm
Repetition frequency: 50 to 100 kHz
Output: 0.3 to 4.0 W
Focusing spot diameter: 9.2 um
Processing-feed rate: 1 to B00 mm/sec
20 A laser groove 25 wider than the width of the cutting
blade later described is formed in the laminate 21 forming
the street 23 of the semiconductor wafer 2, along the street
23 by carrying out the above laser beam application step,
as shown in Fig. 12. The laser groove 25 reaches the
25 semiconductor substrate 20 to remove the laminate 21. When
the pulse laser beam 725 is applied to the laminate 21 forming
the street 23 through the resin film 24 as shown in Fig. 11,
the resin film 24 serves as a processing start peint because
it has the property of absorbing a laser beam. Since the
30 laminate 21 and the semiconductor substrate 20 are processed
by the application of the laser beam 725 after the processing
startpointhasbeenformedintheresinfilm24,thegeneration
of impact force caused by the transmission of the pulse laser

beam through the resin film can be prevented, thereby



the resin film24 serves as a processing start point because it has the
property of absorbing a | aser beam Since the 30 |amnate 21 and the

sem conductor substrate 20 are processed by the application of the |aser
beam 725 after the processing start point, has been fornmed in the resin
film24, the generation of inpact force caused by the transm ssion of the
pul se laser beamthrough the resin filmcan be prevented, thereby i 14
suppr essi ng t heupeeesngnofthdedaisinatimghk Lastidaaing £hem tamMNA el and

the partial pegeling of eresin filmz24.  Therefore, it is possible to
prevent debr i ?W%%B%Ihﬁefﬁﬁg e (B pid preling ahdhemassmldciior 2hip 22

exposed by therfeparéiad) pPeeld nspofidne ‘Ec?éﬂlb[%/\t%r#]t?c?eﬁbrfy £ %?cﬁlveteq}lé‘%ser

beam application step, debris are produce processing
| ami nate 21 arfeP thée BeripbadNce Drihsubstiiabadfftby ¢iep 2eppkpeabdasy afhd he

I I b 25, h i.n Fig. 12, the_debris 26
bl ocked byt he THE D PERATSE 45 et Teh dromes fadiidh he GHe }26RE BART ace
of the resin fagpliddt s Jip ! Aee SeFeCcARIUEERE B{?i‘&)n@%:rdg_tésesriﬁ ¢ aser

beam appl i cat i}g}n step, is carried out along the predetermned stre as

descri bed aboVét® thfllidhfek 23 and te samitcaniuatis seristorathectadr baaftére 2
hel d on the ct‘giﬁ,k- 71.1.S ] Xi hg- mpved I stance corresponding to
the interval beth\erjcganﬁt e%sft r%ggt%ﬁgggiingﬁrg%(ﬁ%??gm AOIMET heS aﬁ%roéw Y

(i ndexing stepn tRicark?y dhie tHebrdltoge haserlbersd BPPEh&atd Him Stap, Af ter

t he above. | aser m application step _and the indexing step are carried
out on al ilbt h@rggg¥§%ﬁ6eex?%ﬁFﬁgtq fhenérprbdutciasaed theeocesion fitlre

chuck table 7%l wfengfiong 4 S0 _rcg{%p&g fer hel d on the chuck
table 71 is turned at 90 to carry out the acggoveg%lpgszezrz' beam application

step and indexing stdFeal ¢hg desest beemt appi hgationasthp e icirried out
nggfgf“ecfl)a][ A1 BnBOOVE R CART LI N9Y 270 & i Bk SBe e hm gy !

table 71, that is, the semiconductor wafer 2 held on the chuck
15 table 71 is indexing-moved a distance corresponding to the
interval between the streets 23 in the direction shown the
arrow Y (indexing step) to carry out the above laser beam
applicationstep. Aftertheabovelaserbeamapplicationstep

and the indexing step are carried out on all the streets
20 extending in the predetermined direction, the chuck table
71, therefore, the semiconductor wafer 2 held on the chuck
table 71 is turned at 90° to carry out the above laser beam
application step and indexing step along streets extending

in a direction perpendicular to the above predetermined
25 direction, thereby making it possible to form laser grooves
25 in all the streets 23 formed on the semiconductor wafer

2.

The step of removing the resin film 24 formed on the
front surface 2a of the semiconductor wafer 2 that is put
30 to the protective tape 6 affixed to the annular frame 5 comes
next. In this resin film removal step, as the resin film 24
is formed of a water-soluble resin as described above, as
shown in Fig. 13, the resin film 24 can be washed away with

water. The debris 26, which have been produced in the above



25 in all the streets 23 fornmed on the sem conductor wafer 2. The step of
renoving the resin film24 formed on the front surface 2a of the

sem conductor wafer 2 that is put 30 to the protective tape 6 affixed to
the annular frane 5 cones next. In this resin filmrenoval step, as the
resin film24 is formed of a water-sol ubl¥® resin as described above, as
shown in Fig. 13, the resin film 24 can be washed away with water. The

debris 26, whithsbavsheappnredusesd éf‘eﬁ%@Q?gggédé\?o{t%x%efrgﬁﬁrglﬁfrﬁ%% are

application step and adhered to the front sur e resin
al so flushed ad@y-hogesiar filnn24 kee pésonflishe@sawsi mogetherr esth flid m 24

I's formed of er:solyple gesin in the illustrated enpodinment, the 5
renoval of th:r?%gfllnf%lﬁﬁmﬁlgﬂ i%leré%ﬁ retiel RS .lslﬂl?%tﬁpr%m&i—iﬁﬁwathe
seni conduct or wafer-gonhiohg rében! aseengr 0oVest 25t £Qr BREohInLRE, S]Eﬁsets 23
of the semi conductor wafer 2 follows the above resin fl?m removal st ep.

In this cuttintfReEp! @f cthei reshachibe B4whscextzendlyeeasnl|y used as a
di ci ng machine as shgyn J [ e used. That is, the cuttin

machi ne 8 conprises a chéucfg C?fabc?uit@%a@f%gs%ﬁcqq -%W%i‘??gfe%%sﬁl g
cutting neans 82 hasengyrosuési Dy bdafed 824, tRads R4 0RIL: PhEke NP Neans 83

for picking up an image of the workpiece held on the chuck 15 table 81.
The cutting st¥TRIPHEICERF ivdf BUte Woth opise thBogkorat rénin fraohimemdrad | |

14, “the Som contht of varer B0 S hi BRRiad BHG S BFERS & the Thove
| aser beadPappyervaitably steepl & ar edicinki machenevak shéwni snphaged prdhe
chuck table 1 of the tting machine 8 in such a manner that the front
surface 2a of %;E%élsseéﬂ“i cgﬁng‘ﬂ%cf-gr Wafefubtingdsaghinant ermprises a chuck
table 81 having suction-holding means, a cutting means 82
having a cutting blade 821, and an image pick-up means 83
for picking up an image of the workpiece held on the chuck
15 table 81.
The cutting step tobe carried out with the above cutting
machine 8 will be described with reference to Figs. 14 to
16.
That is, as shown in Fig. 14, the semiconductor wafer
20  2whichhas been subjected to the above laser beam application
step and resin film removal step is placed on the chuck table
81 of the cutting machine 8 in such a manner that the front
surface 2a of the semiconductor wafer 2 faces up, and held
on the chuck table 81 by a suction means that is not shown.
25 The chuck table 81 suction-holding the semiconductor wafer
2 is positioned right below the image pick-up means 83 by
a moving mechanism that is not showrn.
After the chuck table 81 is positioned right below the
image pick-up means 83, alignment work for detecting the area
30 to be cut of the semiconductor wafer 2 is carried out by the
image pick-up means 83 and the control means that is not shown.
That is, the image pick-up means 83 and the control means
{(not shown) carryout image processing suchaspatternmatching,

etc. to align a street 23 formed in a predetermined direction



on the chuck table 81 by a suction neans that is not shown. 25 The chuck

tabl e. 81 suction-hol ding the sem conductor wafer 2 is positioned right

bel ow t he i mage pi ck-up nmeans 83 by a noving nmechanismthat is not shown.

After the chuck table 81 is positioned ri qt}% bel ow the i mage pick-up neans
0

83, alignment work for detecting the area to be cut of the
sem conductor wafer 2 is carried out by the inmage pick-up neans 83 and the

control means ¢hathd sendicosititor Thakri 3,wile HHBGE LRk HPaJEAS] 83,,2nd
t he control rreans (not, shown)_carry out i ge processing such as pattern

mat ching, et CUtH A3 E atlewer 2mroov i ntlaemla‘_depermmmgit]met i on

16 of the sem congdued.of fiels t de 821 for .cutting
along a | aser groove 25 dli?ﬁglre%§g%e??or g“%e ?bﬂﬂ@ﬁf‘t £t He &%&L t o

be cut. The altigieerutofstabsaresrried bﬂttﬁ@h s3rakse garthed LU QnRlg eets
23 that ar for qﬁg on the seniconductor_ wafer 2 and extend in a direction
per pendi cuPar el e diandtenrend Ain ez directieet 23

o boion.t he e drarduttar 151 Sto 2ot grkdde.chuck tahl g Bloi s detected

and the ali gnrrent of the area to be cut carri out “as described above,
the 10 chuck table &fties thac tiwetsEdi tormedtoar thal semP-drdneves waEdrhe
cutting start Slt Q

n be cut. At this point, as shown in
Fig. 15 (a) 1% ncgﬁﬁlﬁusgt} i:vvgf‘ér? &rsls ﬁ%ﬁ%’%e‘t@%ﬂﬁ&q tallélgnmﬁ?élrte one
end (left end dmtﬁlegaréé t@)bad cudf 15Neast{ &8l A3ak0g Ecﬁﬂ% }%]
predeterm ned di stance 15 on the right side fromright ow the cut |ng

bl ade 82110 TH&O Uit R @ lohakdiag thes semsaorobidtiooned frcl? tilkatotieel

tt bl ad nter rtlon of t ser ve 25
formed-in the o rosrosat F et B8aR ke b b PeR g Hescufne AL'CRLS
seni conduct or padhtwaker sRolvasihering I s A, Olﬁﬁbt séﬁlébﬁdﬁététﬂﬂaﬁé@@ is
position E?Srqarea to be cut, the cutting blade 821 is noved from

its st andby pEHMBH ERoMP IS el amirh@die enaiend i efithend in Fig. 15 (a))

of the street 23 tobe cut is located a predetermined distance
15 on the right side from right below the cutting blade 821.
The semiconductor wafer 2 is also positioned such that the
cutting blade 821 is located in the center portion of the
laser groove 25 formed in the street 23.
After the chuck table 81, that is, the semiconductor
20  wafer 2 has been thus brought to the cutting start position
of the area to be cut, the cutting blade 821 is moved down
from its standby position shown by a two-dot chain line in
Fig. 15{(a) to a predetermined cutting position shown by a
solid line in Fig. 15(a). This cutting-feed position is set
25 to a position where the lower end of the cutting blade 821
reaches the protective tape 6 affixed to the back surface
of the semiconductor wafer 2 as shown in Fig. l1l6(a).
Thereafter, the cutting blade 821 is rotated at a
predetermined revolution, and the chuck table 81, that is,
30  the semiconductor wafer 2 is moved in the direction indicated
by the arrow X1 in Fig. 15(a) at a predetermined cutting-feed
rate. When the chuck table 81, that is, the semiconductor
wafer 2 ismoved to reach a position where the other end (right

end in Fig. 15(b)) of the street 23 is located on the left



Fig. 15(a) to a predeterm ned cutting position shown by a solid line in
Fig. -15 (a) . This cutting-feed position is set 25 to a position where the
| ower end of the cutting blade 821 reaches the protective tape 6 affixed
td the back surface of the sem conductor ;wafer 2 as shown in Fig. 16(a).
Thereafter, the cutting blade 821 is rotated at a predeterm ned
revolution, and the chuck table 81, that is, 30 the sem conductor wafer 2
is noved in ttEldl byca pordetdirvdned dystmecarfron Xight Jdibw the (@it t8ing

pr edet er m ned rate, Wien the chuck table 81, that is, the

tting-feed
seni conduct or b%\lljﬁcie:ar i%% 0B 1B FacH A Yosithicononpaeatt oé g arhurid
i gh d i ' f | ] 1 id
(right end irdils s19(bhitofs! RactEReboRduttolarater L e el 1551 de

by a predetermi ned distance fromright below the I Ng
shown in Fig. W8y Wutting mwierethofchek ctaiske 2Bpl €hPd,ishathés, the

sem conducgor : ' opped.., By thus cutting-npving the chuck table

81, that ig, t%%{ C’s’idnﬁi%toorsmédﬁgﬁ?fc %xla@e?ug,gré’oc‘{ﬁ 23?‘6‘%2‘?%‘*@@%% t he

back surface s fauareis oaiged e Iraf eTh QNS @dqu;éw% 1 2y lﬁ.} et 23
o0 cut the

of the sem conductor_wafer 2, as shown in Fig. 16 (b) , t

sem conduct or SkdF&&t 33 afzthaiserdgondug tewrepa fenky as kbowenicBhdudtéob) ,
substrate 20 i | | 0 821., Therefaqre, the peeling
of the |am nattzD %J%Ec%ite%gh%% Oggﬁfﬁti%%g@%ﬁ&e@lzém 2& JﬂCfl%,tr}gg %F\eIPhé’nﬁryont

surface of the&hesermdonddataorssiisstaste 20 Wist but e taUthine, 9t agde A2 can
be preven{gd [ advgg‘ce. The above cutting step is carried out under the
fol |l owi ng-~ 15 Ei%rloc PhGLCoRdi thsnPeeldndepfmbbe. laminiatg Blladeussst &y

di aneter of 5ZyBidditdHen of. +20 |yt i o) ti bl ade: ,30, 000
rpm Cutting-feed r atde]: SOQ%%lggg%TﬁggggEﬁég, H%hglq%u{lftlgrl}l% érhplgf ec%f% itzle
posi tioned t o Sty ca@iuttam Bnsdsiatieor? G havwh hhe e ttiorgd @il sehkaigr 1l idae i n
Fig. 15(b), %réd ptrl*éq]e%l'tue% itnaba{ V81 that is, the sem conductor wafer 2

andce,

Theabovecuttingstepiscarriedoutunderthefollowing
15 processing conditions, for example.
Cutting blade: outer diameter of 52 mm, thickness of 20 Lm
Revolution of cutting blade: 30,000 rpm
Cutting-feed rate: 50 mm/sec
Thereafter, the cutting blade 821 is positioned to the
20 standbyposition shownby the two-dot chain line inFig. 15 (b),
and the chuck table 81, that is, the semiconductor wafer 2
is moved in the direction indicated by the arrow X2 in Fig.
15(b) toreturn to the position shown in Fig. 15(a). The chuck
table 81, that is, the semiconductor wafer 2 is indexing-fed
25 by anamount corresponding to the interval between the streets
23 in a direction (indexing-feed direction) perpendicular
to the sheet to bring a street 23 to be cut next to a pesition
corresponding to the cutting blade 821. After the street 23
to be cut next is located at a position corresponding to the
30 cuttingblade821,theabove-mentionedcuttingstepiscmrried
out.
The above-mentioned cutting step is carried out on all
the streets 23 formed on the semiconductorwafer 2. Asaresult,

the semiconductor wafer 2 is cut along the laser grooves 25



I's moved in the direction indicated by the arrow X2 in Fig. 15 (b) to
return to the position shown in Fig. 15 (a) . The chuck table 81, that is,
t he sem conductor wafer 2 is indexing-fed 25 by an anount corresponding to
the interval between the streets 23 in a%@rection (1 ndexi ng-feed

direction) perpendicular to the sheet to bring a street 23 to be cut next
to a position _corresponding to the cutting blade 821. After the street 23
to be cut next IPEMpdcanedhat s&rpesit E8nandr iespondieg tatbhend®ventiking

bl ade 821, the -pentioned. cutting step |s carried out. The .

above- nent i onea%@g%é?lnﬁgcg%p&”sp%%'i eG1BGE bh e CWtRdng: pEeps DBt EiRIed

on the seni contlsctaxr V@i et2whisa difsUlly walttBe #60E @Q%%‘%JOESV%L%E%&' S cut
23 and | vl de

al ong the | ase rooves 25 18 fornmed in the streets S into

r 0
i ndi vi dual sengolF%ﬁPé% drilehices be. raherced by the cutting sbhepr suppingd is
carried outs why t] . re water) is supplied, he resin film
can be remvﬂ%??ﬁ{é %g?‘t’ﬁég%f?g% gﬂ%‘ﬁ?i 1 S%nvff‘ﬁ’sufelﬁPB#dﬁﬁﬁpt he above
resin filmrenbvdépshepntlndapendeitd,y tBBdchiently S48 &yt ERgoSEEPyEBY; al so
serve as the {esi n filmrenoval step. A descri p?i on s subsequently given

of the processthy IHetRofl {Br TEROVa ngtem- opti cal device wafer into

i ndi vidual 10 opti calydevi; it n Figs. 17.to0 23. Fig. 17 is
a perspective view of an o;%'tcplet(%:'aﬁ\M %gvégégéﬁf%&tigcﬂl‘%{‘ P%et%%tﬁrc%ﬁe%%ﬁ%e
waf er 10 showme¢thedl forl @i va dikgr ahidpytiefl sdvaeieswiBdral et d o idua

| attice pait ern..on tfe front surface_10a of a sapphire substrate, and

optical dévi ceP TR BCRENHTi Uity BefRReR@Ee ebo gBLUS und Ai E@i 43- based
q o Ut ! ‘ e e
conmpound semi conductmirg and 19e Jd k& & JOLTRM dg}g‘lﬁgeo%t%re&[%iév%e% effgsrut ed

sectioned by the plurality of streets 101. To ons
optical devicelhaf & e pRESCRAdieviideala fmat 1 @ ahowdewi Riss. 1022 plyyitians i ve

tape 11 is affixed to.dhg qrapt (29, syrface lla%%itc%e{)g?:tcérn on the front
surface 10a of a sapphire substrate, and optical devices 102
15  comprising a laminated gallium nitride-based compound
semiconductor and the like are formed in a plurality of areas
sectionedby the plurality of streets 101. Todivide the thus
constituted optical device wafer 10 into individual optical
devices 102, a protective tape 11 is affixed to the front
20 surface 10a thereof.

The step of forming a resin film which absorbs a laser
beam on the back surface 10b as the surface to be processed
of the optical device wafer 10 comes after the protective
tape 11 is affixed to the front surface 10a of the optical

25 device wafer 10 as described above. This resin film forming
step is carried out by using the above-mentioned spin coater
4 shown in Fig.3, for example. That is, as shown in Fig. 18,
the optical device wafer 10 is placed on the chuck table 41
of the spin coater 4 in such a manner that the back surface
30 10b faces up, and a liquid resin which absorbs a laser beam
is dropped on the center portion of the back surface of the
optical device wafer 10 from the nozzle 42 while the chuck
table 41 is rotated. Thereby, the liquid resin flows to the

outer periphery of the optical device wafer 10 by centrifugal



The step of formng a resin filmwhich absorbs a |aser beam on the back

surface 10b as the surface to be processed of the optical device wafer 10
conmes after the protective tape 11 is affixed to the front surface 10a of
t he optical 25 device wafer 10 as descri bﬁt% above. This resin filmformng

step is carried out by using the above-nentioned spin coater 4 shown in
Fig. 3, for exanple. That is, as shown in Fig. 18, the optical device

wafer 10 is pliuwetk dro tdmveahutie tdtle dirffde tTe SPF ehS B EIcA idbw a
manner that the gacﬁpsurface 30 10b faces up, and a liquid resin I C
absorbs a | aséf® ‘i sTRA D PO iGNt e e cameso Y biESIdE afonchEhbams sagd ace

of the opticalsdavicesvabep 10 {4 fﬂ%%‘ﬁzﬁla%tié%tﬁ2££§%%£$s%2$fé?t ot

41 is rotated. Thereby, the liquid resin owWs of

the optical devitoeSwmi en theltyaslerturiffacgal 08% £ Q&F@ob@i@gie&e\‘}f@et&%‘ﬂ‘e‘g
surface 10p of f}he opt.i cal dev]%',.ce V\@fer 10. This liquid resin cures by
Itsel f al ong tlhé paasss 2 Rt thP forma resin film24 havi ng a

t hi ckness of about Thdr@asFHep orHetRack s 0 i,cal_.device
wafer 5 10, as shown in Fig. 19. Ther%agferg?ﬁ?ﬁgnétgpj?%?égg%%)% ntgo écq%aser
beamto the &RGiRA1 dedice wafer 10 haviing the resin film 24 fomed oon

t he back surf t h e resin.film?24 al the street 101 cones

next. This | agr.gfe %gglﬁs%p | cea%%ﬁhﬁoélgh Jgh%:g[e,silgd&ﬁngétalaqugpﬁ@ttr@t

above- ment i ondd1l asaesheast MCH e 14s8R0¥Ban i dbd1ii@%t ibrd Q+8p J-FI]_QQ:taﬁ:‘ oS
e chuc

shown in ﬂ)g 20, _the grgtical device wafer 10 is placed on"t tabl e
71 of thetPas&Pt BYaRPHBENERHR 2Pq¥e -SRI konrRthA@serhbean sadeinery whiosin t he

resin film 24 ji,s ¢iQrired, es ction-hel d.on t chuck table
71. The street 10f%1tsor rreagg%' t h%paotp?'lqsga%%dtg%}lggg “Hatf 27 1071 ;é’aﬁ ioﬁgé&'aavi th
t he condenser diadiasf welfer| A8ets pdavedippl thatdonckeans o/ 21 dhefiebY aser

perform ng the alignnment of .a | aser beam application position. This
alignment is ‘gje?raﬂ g‘@%’a by Eh SUfyE padmeip thedng ddepi ok wiieh ahei mage

of the resin film 24 is formed, faces up, and suction-held on the
15 chuck table 71. The street 101 formed on the optical device
wafer 10 is aligned with the condenser 724 of the laser beam
application means 72, thereby performing the alignment of
a laser beamapplicationposition. This alignment is carried
out by an image pick-up means for picking up an image of the
20 street 101 with infrared radiation from the back surface 10b
of the optical device wafer 10. The predetermined street 101
formed on the optical device wafer 10 is then brought to a
position right below the condenser 724 of the laser beam
application means 72 to carry out the above laser beam
25 application step. In this laser beam application step, the
focusing point P of a pulse laser beam 725 applied from the
condenser 724 is set to the back surface 10b (top surface)
of the optical device wafer 10.
The above laser beam application step is carried out
30 under the following processing conditions, for example.
Light source of laser beam: YVO4 laser or YAG laser
Wavelength: 355 nm
Repetition frequency: 50 to 100 kHz
Output: 1.0 to 3.0 W



20 street 10 1 wth infrared radiation fromthe back surf ace 10b
optical device wafer 10. The predeterm ned street 101 forned on the
optical device wafer 10 is then brought to a position right below the

cpndenser 724

above | aser beam 25 application step. In t4l s | aser beam application step,
point P of a pulse | aser beam 725 applied fromthe condenser

the focusing
724 is set to
waf er 10. The
the foll ow ng

beam YV04 | aser or | as
P

50 to 100 kHz

P i ng- f eedl I ' '
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shown in Fig

of the | aser beam application means 72 to carry out the

t%é{?ﬁﬁgﬁg Oatcedijaq%t(etro:p_gs_uzrf ce) of the optical device

above | aser “beam application pis carried out 30 under
prEgEess i cdretid immtss: floy tex @i enmm/ddqght source of |aser
th: 3551§n1 Repetition frequency:

. |
Qut p %qpor3§$%3n ¥adErgl8poRSdFafER el BLO. 7,

21, a laser groove 103 is forne ong the stre

the 5 back sP3@eesunfaesy Lo ryy ngaooyindecabovke | aiseve beaseapptigat i on

step. In this
is applied to

shown in Fig. e mslsd eag@sivedn |'m 24 dasodhe PraPary C&Iti%orcg@%é

| aser beam 10 the resin film 24 beconmes a processing start point.
the optical deVAERr vt dhrroghs theogessed foym R appshowni bm Fig. tHE me se
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t hereby suppressing.the_ partial peeling of the resin film24. Therefore,

it is possib
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has been formed in the resin film 24, the generation of impact
forcecausedbythetransmissionofthepulselaserbeamthrough
the resin film can be prevented, thereby suppressing the
partial peeling of the resin film 24. Therefore, it is
possible to prevent debris from adhering to the periphery
of the optical device wafer 10 exposed by the partial peeling
of the resin film 24. In the above laser beam application
step, debris are produced at the time when the optical device
wafer 10 is processed by the application of the pulse laser
beam 725. However, as shown in Fig. 21, the debris 104 are
blocked by the resin film 24 and hence, adhere to the front
surface of the resin film 24 but not to the back surface 10b
of the optical device wafer 10.

The above step of removing the resin film 24 formed
on the back surface 10b of the optical device wafer 10 comes
after the above laser beam application step is carried out
on all the streets 101 formed on the optical device wafer
10. By carrying out this resin film removal step, the resin
film 24 formed on the back surface 10b of the optical device
wafer 10 and also the debris 104 that have been produced in

the above laser beam application step and adhered to the resin

film 24 are removed.

of the

I nce



of the resin film24. In the above | aser beam application 20 step, debris
are produced at the tinme when the optical device wafer 10 is processed by
the application of the pulse |laser beam 725. However, as shown in Fig. 21,
the debris 104 are blocked by the resin fj In124 and hence adhere to the
front surface of the resin film24 but nétt to the back surface 10b 25 of
the optical device wafer 10. The above step of renoving the resin film24

formed on the back The baep dOhiiofidiey epld 68t i88Yigdy ol %raf%(% £6"%ron fter
t he above | aser am application step is carried out on all the stree

101 formed on J‘%l??e qrc§|r0@éf\ﬁscé0\%/a£@rmg@ i they S(tmeley:lsngobufollmss rered n
fil I t f f d ck urface 10 of the
il mrenmoval  shyep,e LA M8 Ny fdnD 24 5%?59 igﬁ:g :h"é L% -6 ;

optical device wafer 10 and also the din

t he above | aserpthiszani alppillcea\t:aﬁers]lcemsamhxﬂﬁﬁwbﬁda tplutrfaqlf bh ccfldnfﬂ@f‘ are
renmoved. 21 The ste gl viding the optical device wafer 10 along the
| aser grooves Sl‘%ﬁxf 87§ He §FF@%9§d1U1 Hﬁﬂqlélvﬁsl ftpeongbavet el iwi fh | m

removal step. idy thhsk dw o9 568 Psad s 1»@? "i’?‘fﬁr (53' rsa

mounted on a plurality of columar 5 sup ort rre arran

parallel to orni"et &hdtshpeinte hthetbamwmﬁmeomhrémmtm }:Ees:nfémym in
Fig. 23(a). 41&% 0| nt, .the ser %%oove 103 are positioned between
adj acent suppor ersélpffrécnﬂe By frentfh S S G rembsresidpre

agai nst the | aasrsgdeves nki3thehakhsés, %fcf@véé rneed,s th3+104 fflﬁé;‘%%fel Caﬁde of

the protective tape 11 affixed to the ront surface 10a of i
devi ce watBr 2Pl Arop thsyside pénghagprofdctivappapedlt mffixeptticdhe

devi ce vvafer I ro that i treets Olto
generate ]ﬂi&em{s)tggggéggnl ﬁgf B:agkgéﬁ%?&gééﬁﬁe "ﬁfi#]eﬁ)g gnl‘

di vi di ng port ibErsd ity Lioadt he sl ved tdevheeoped €41 H?evﬁﬂdenﬂafbﬂel@ 3S®ing
grooves 103, tBﬁat Is, the streets_101 fornmed in a predeterm ned di rectlon

as shown in Fi zlgls(eat) greogedi 483, that is, the streets 101 to generate
tensile stress on the back surface 10b, thereby forming

15 dividing portions 104 in the optical device wafer 10 along
the laser grooves 103, that is, the streets 101 formed in
a predetermined direction as shown in Fig. 23(b) to divide
the optical device wafer 10. After the optical device wafer
10 is divided along the laser grooves 103, that is, the streets
20 101 formed in the predetermined direction, the optical device
wafer 10 is turned at 90° to carry out the above dividing
work along the laser grooves 103, that is, the streets 101
formedinacﬁrectionperpendiculartotheabovepredetermined
direction, thereby making it possible to divide the optical
25> device wafer 10 into individual optical devices 102. Since
the protective tape 11 is affixed to the front surface 10a,
the individual optical devices 102 do not fall apart and the
form of the optical device wafer 10 is maintained.
Since debris do not adhere to the back surface of the
30 optical device 102 obtained by dividing the optical device
wafer 10 along the laser grooves 103 in the above laser beam
application step, a reduction in brightness caused by the
adhesion of debris to the back surface can be prevented.

As described above, the present invention has been



the optical device wafer 10. After the optical device wafer 10 is divided
al ong. the | aser grooves 103, that is, the streets 20 101 fornmed in the
predeterm ned direction, the optical device wafer 10 is turned at 900 to
carry out the above dividing work along ?ge | aser grooves 103, that is,

the streets 101 fornmed in a direction perpendicular to the above
predeterm ned direction, thereby naking it possible to divide the optical

25 devi ce waf sfesklr ibmad dautind dimltopirieralr iy ice@sd@2ntS T diReding
protective tapcgl 11 i s. c}‘{ﬁxed to the front surface 10a, the individual
€

optical deviced I CEHFMANGRT WaiaT airh ot calodavdice mafesti dalt dde ce
wafer 10 is irdstiedn d i t e t ck surfac of
the 30 opti g?l devi ce %&%%tnagﬁgdﬁ%%ﬁ\%eéﬁ%g 8 g%%?%ﬁ%d:egﬁsc@

10 al ong t he lodd@r gntmefiogkfiarshe above Iaser beam application step, a
reduction gn brightness caused by the adhesion of debris to the back
surface can be prevented. As described above, the present invention has
been 22 described according to preferred enbodi nents for dividing the
sem conduct or wafer and optical device wafer, but the present invention
can be applied to the |aser processing of other types of wafers. 5 23 W
claim 1. A laser processing nethod for processing a wafer by applying a
| aser beamto a predeterm ned area of the wafer, conprising: 5 a resin
filmformng step for formng a resin filmwhich absorbs a |aser beam on
the surface to be processed of the wafer; a |aser beam application step
for applying a | aser beam to the surface to be processed of the wafer
through the resin 10 film and



aresin filmrenoval step for renoving the resin film after the | aser beam
appligcation step. 2. The | aser processing nethod according to claiml1, 15
wherein the resin filmhas a |light absorption coefficient of 1,000/ cm or
mere. 3. The | aser processing nethod accor{jng to claim1, wherein the
resin filmis formed of a water-soluble light 20 absorbing resin prepared
by mxing a |ight absorber with a water-soluble resin. 4. The | aser
processi ng met®®dche&®rding to claim 3, wherein the water-soluble |ight

absorbing resipn is resin. 25 prepared by mxing a pol yvinyl alcohol with

titani um di oxi g'e. 5.%1?%5%]%3%%‘9%?%%&%%%@% RIS TRI & dsien By

wher ein the vedmplybng SUHsRANBEeROL ORI R AN arseTh FODAUGLF, Oh pS
ul a

whi ch are conposed of a |am nate 30 consisting of an ins ing fiTmdnd a
functional fil YREEESI®¥ired on the front surface of a sem conduct or

substrate and whic : | streets he resin filmformng step
is to for mgt he resi nrh?légﬁ %%%Iﬁggggng%gsétaeq ggﬁér%%ré%ﬂrﬁg Bt ¢t TRABMhIGh f ace
of the seni corakmers sulisiveat Beamndohhehs asgrr4 heaABappbEeakbaN, SUGR | S

to forml aser ‘%{ﬁ)ov.es whi ch reach the sem conductor substrate by applying
a laser beam tHt%%e’ laninate forning the streets through the resin film 5

6. The | aser processy ng tﬂ%?k Yol 0 iem 5 erein.the
seni conduct or waf er havisgg t he ?E@grﬁS?gé}&e@%ﬁgr@ﬁ&P%w}]ﬂ%al A88FT ReAR
appl i cation stlepthe surfaterty beepriassseqgodorhs witdr ahedilyhnendlrada o be

di vi ded inpgo iﬁohj V] dua% sem conductor chips. 10 7. The | aser processing
nmet hod accordingl?b T4im1, wherein the wafer is an optical device wafer

whi ch has a pluralig yte@finsm@ﬁtﬁeﬁg{rﬂ?%ﬂé}f F ﬁ&%ﬁ%@?ﬁ?ﬁéﬁé'}@&ﬁ he qff ont

surface of a substrate and conprises optical devices
after the laser beam application step.

2. The laser processing method according to claim 1,
15 wherein the resin film has a light absorption coefficient

of 1,000/cm or more.

3. The laser processing method according to claim 1,
wherein the resin film is formed of a water-soluble light
20  absorbing resin prepared by mixing a light absorber with a

water-soluble resin.

4. The laser processing method according to claim 3,
wherein the water-soluble light absorbing resin is a resin

25 preparedbymixing a polyvinyl alcohol with titaniumdioxide.

5. The laser processing method according to claim 1,
wherein the wafer is a semiconductor wafer comprising
semiconductor chips which are composed of a laminate

30 consisting of an insulating film and a functional film and
formed on the front surface of a semiconductor substrate and
which are sectioned by streets, the resin film forming step
is to form the resin film which absorbs a laser beam, on the

front surface of the semiconductor substrate, and the laser



15 in a plurality of areas sectioned by the plurality of streets, the
resin filmformng step is to formthe resin fil mwhich absorbs a |aser
beam  on the back surface of the substrate, and the | aser beam application
step is to formlaser grooves in the substrate by applying a |aser beamto
t he back surface 20 of the substrate thr h the resin film 8. The |aser
processi ng nmet hod according to claim7, wherein the optical device wafer

havi ng the | aseeamramyescatsmadtdly idhed @semn @8§8k3§9569§§iﬁﬁ&éﬁ€¥%ééh

divided into 25 individual optical devices along the |l aser grooves by
appl ying  ext et haISFHRRIY t He sppsdir agreobyeapplying a laser beam to the

laminate forming the streets through the resin film.

5 6. The laser processing method according to claim 5,
wherein the semiconductor wafer having the laser grooves
formed by the laser beam application step is cut along the
lasergrooveswithacuttingblade tobedivided into individual
semiconductor chips.

10
7. The laser processing method according to claim 1,
wherein the wafer is an optical device wafer which has a
plurality of streets formed in a lattice pattern on the front
surface of a substrate and comprises optical devices formed

15 ina;ﬂuralityofareassectionedbythepluralityofstreets,
the resin film forming step is to form the resin film which
absorbs a laser beam, on the back surface of the substrate,
and the laser beam application step is to form laser grooves
in the substrate by applying a laser beam to the back surface

20 of the substrate through the resin film.

8. The laser processing method according to claim 7,

wherein the optical device wafer having the laser grooves

formed by the laser beam application step is divided into
25 individualopticaldevicesalongthelasergroovesbyapplying

external force to the laser grooves.



