ABLATION METHOD FOR SUBSTRATE ON WHICH PASSIVATION FILM IS FORMED
BACKGROUND OF THE INVENTION Field of the Invention The present invention relates to an
ablation method of applying a laser beam to a substrate on which a passivation film of nitride is
formed, thereby performing ablation. Description of the Related Art A plurality of devices such as
ICs, ISlIs, and LEDs are formed on the front side of a wafer such as a silicon wafer and a sapphire
wafer so as toAml partitphegEnHep | FERYSUBETRIONEINGs. Wap arfPASSIivided aNorhe indigdual
devices by any dividing apparatus such as a cutting apparatus and a laser processing apparatus.
These devices are widely used in various electricgd ggipsnent such as mobile phones and personal
computers. As a method of dividing the wafer intatheTndividual devices, a dicing method using a
cutting apparatus called a dicing saw is widely adopted. In this dicing method, a cutting blade having a
thickness of about 30 pm is rotated at a high speed of about 30000 rpm and fed in the wafer to cut the
wafer, thus dividing the wafer into the individual devices. The cuttli\?ﬂ blade is formed by bonding
abrasive grains of diamond, for exaﬁﬂ%%mtg orlrdsin, NVENTI ON

Field of the Invention

The present invention relates to an ablatio n method of
applying a laser beam to a substrate on which a pas sivation
film of nitride is formed, thereby performing ablat ion.

Description of the Related Art

A plurality of devices such as ICs, LSls, a nd LEDs are
formed on the front side of a wafer such as a silic on wafer and
a sapphire wafer so as to be partitioned by a plura lity of
division lines. The wafer is divided into the indi vidual
devices by any dividing apparatus such as a cutting apparatus
and a laser processing apparatus. These devices ar e widely used
in various electrical equipment such as mobile phon es and
personal computers. As a method of dividing the wa fer into the
individual devices, a dicing method using a cutting apparatus
called a dicing saw is widely adopted. In this dic ing method, a
cutting blade having a thickness of about 30 um is rotated at a
high speed of about 30000 rpm and fed in the wafer to cut the



On the other hand, there has recently been proposed another dividing method including the steps of
applying a pulsed laser beam having an absorption wavelength to the wafer to thereby form a plurality
of laser processed grooves by ablation and next breaking the wafer along the laser processed grooves
by using a breaking apparatus, thus dividing the wafer into the individual devices (see Japanese
Patent Laid-open No. Hei 10-305420, for example). This ablation method for forming the laser

processedgifeeVeaskasaning aetagepvatdhrdiaigigethod using a dicing savgévites thimerocessing
speed is higher and a wafer formed of a hard material such as sapphire and SiC can also be

brocessed iy ey SHiBP By BrliRgahRl Ragdarer processed groove chpffluced to
10 pm or less, so that the number of devices Obtainable per wafer can be increased as compared with
the dicing trgreg;(ogﬁ %UMI\I%\RY OIFOIHI%#]NVENTION When a pulsed laser beam having an
absorption wave erpgﬁ‘\ \(\é.g.%g nmseto a semiconductor substrate as the wafer, the energy of the
laser beam absorbed by the semiconductor substrate reaches a bandgap energy to break the atomic
bond in the s&MRicHMRIuCIBFSUBENG e, IREFDYASeTERAMY tHee&Blation. However, in theRIQBO%RSk a
passivation film of nitride such as Si3N4 is formed on the front side of the semiconductor substrate,
there is a prsBhen Jlividinat thetdndieinsiudinbe itergasrsh@iagdpbeam and the reflediid® ot the
laser beam may occur, so that the energy of the laser beam may not be sufficiently used for the
ablation tpcdsst: msangbenargpliss. &rudbeoritene iwavedngtiproblem such that ththkasesfeeam
passed through the passivation film may ablate the semiconductor substrate and break the passivation
film from the inrdensurfars thereMlivality 161S IASseTgRBERRIGCIHPHENE present invention,ta;pigyide an
ablation method which can suppress the scattering of the energy and the reflection of the laser beam
in ablatin tr ' vation:film. is farmed, In accordance wi t of the
present ir?\?gﬁllﬁo%rﬁ t@%@%@ﬁﬁ@% Pr%‘e@@d Yﬁ? alf;jlpslﬁing a laser beam mﬁrggﬁ%%%%g on
which a passivation film of nitri%e is formed, thereby performing ablation, the ablation method including
2 protectil Ao Pty LEFo P PR e R SIAMG a fine powder ofbie Halihg
absorptivity to the wavelength of the laser beam to at least a subject area of the substrate to be
ablated, tHefRHPSoRsiviHrdREEES RRTINBAIRGRNRMAB edvder on at least thidXPfEcNGea of the
substrate; and a laser processing step of applying the laser beam to the subject area coated with the
protective ien ibs@hy 28k rforneingraplejior thsoalglatibe pretctive film to the subjefsraieanifighe
substrate after performing the protective film forming step.

the laser processed grooves has an advantage over t he dicing
method using a dicing saw in that the processing sp eed is
higher and a wafer formed of a hard material such a s sapphire
and SiC can also be processed relatively easily. F urthermore,
the width of each laser processed groove can be red uced to 10
um or less, so that the number of devices obtainable per wafer

can be increased as compared with the dicing method

SUMVARY OF THE | NVENTI ON
When a pulsed laser beam having an absorpti on wavelength

(e.g., 355 nm) to a semiconductor substrate as the wafer, the



Preferably, the fine powder of the oxide has an average patrticle size smaller than the spot diameter of
the laser beam. Preferably, the wavelength of the laser beam is 355 nm or less; the fine powder of the
oxide includes a metal oxide selected from the group consisting of Fe202, ZnO, 1102, Ce02, CuO,
Cu20, and MgO; and the liquid resin includes polyvinyl alcohol. According to the ablation method
of the present invention, the liquid resin containing the fine powder of oxide having absorptivity to the

wavelengterefrtjie |lager theamdsdirstirritied dpsirieest the suhiectsercohidngcsubstrate to betgblated,
thereby forming the protective film containing the fine powder of oxide. Thereafter, the ablation is

performedsiengibtheRimechvEAHaY hikaSHRIGe! BreaiCtribeazybstrate. Accordingiy, fag gnRray of

the laser beam is absorbed by the fine powder of oxide contained in the protective film to reach a
bandgap Tﬂer r%ri]do%rcﬁ?cl? tpesa or rigtgort]g tggreﬁ)\é ¢ OlrJrsﬁiln cnwaeined ablation to theaB?asﬁc,(i)\r/]ation film.
As a result, the scaﬁerlng of theenergy an ét‘he Ye RGO O the Yaser beam can be suppressed to
thereby efficiently and smoothly perform the ablation of the substrate on which the passivation film is
formed. HOWREEHE\HS At EIBHRESSIHalRR I PEBTantages of the presdifintefidT and the
manner of realizing them will become more apparent, and the invention itself will best be understood
from a stu8y Bt fmwatherdEw fiigis rsiedoiphe rgsai erIehcioitts reference to the attabhat@rawings
showing some preferred embodiments of the invention. BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is alseteelisatic peisipectsgchicivatf thaswapeiegsoigtiagparatus for performingribeggbttion
method according to the present invention;  FIG. 2 is a block diagram of a laser beam applying unit;

FIG. i’% iSf AReSRRSEAEWRS BhecrairRCisr iNafeisunpesiad through an adhesivgyfante,an
annular frrame,

so that the energy of the laser beam may not be suf ficiently
used for the ablation to cause a large energy loss. Further,
there is another problem such that the laser beam p assed
through the passivation film may ablate the semicon ductor
substrate and break the passivation film from the i nside

surface thereof.

It is therefore an object of the present in vention to
provide an ablation method which can suppress the s cattering of
the energy and the reflection of the laser beam in ablating a

substrate on which a passivation film is formed.

In accordance with an aspect of the present invention,
there is provided an ablation method of applying a laser beam
to a substrate on which a passivation film of nitri de is formed,
thereby performing ablation, the ablation method in cluding a
protective film forming step of applying a liquid r esin



FIG. 4 is a sectional view of the semiconductor wafer on which a passivation film of nitride is formed,;
FIG. 5 is a perspective view showing a liquid resin applying step; FIG. 6 is a graph showing the
spectral transmittance of various metal oxides; FIG. 7 is a perspective view showing a laser
processing step by ablation; and FIG. 8 is a perspective view similar to FIG. 3, showing a
condition that the ablation has been finished. DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMBMhining A piaterpeivesbetimatbohtisreyesessipyention will now be degciipeddn detail

with reference to the drawings. FIG. 1 is a schematic perspective view of a laser processing apparatus

2 for perf%ﬁ@éﬂ&tﬁ%ﬂ?ﬁ@ mgg?ogegﬁqqgjgg@%gg%pg%@&invention for ablatingrgé%@%pq@te on

which a passivation film is formed. The laser processing apparatus 2 includes a stationary base 4 and
a first slide l%%%#(e%?es%&p%rtedac@ %E%St?ﬁgrnq%¥ ase I4 SO as to Ecmovable in the X directiop r%hown by

an arrow X-The 1irst stidé bid IS’ movablé’in areer(])@ngadiperg 10N, i.e., in the X direction a'ong a pair
of guide rails 14 by feeding means 12 including a ball screw 8 and a pulse motor 10.
containing the fine powder on at least the subject area of the
substrate; and a laser processing step of applying the laser
beam to the subject area coated with the protective film,
thereby performing ablation through the protective film to the
subject area of the substrate after performing the protective

film forming step.

Preferably, the fine powder of the oxide ha S an average
particle size smaller than the spot diameter of the laser beam.
Preferably, the wavelength of the laser beam is 355 nm or less;
the fine powder of the oxide includes a metal oxide selected
from the group consisting of Fe 2Q;, Zn0O, TIO ,, CeO ,, CuO, Cu ,0,
and MgO; and the liquid resin includes polyvinyl al cohol.

According to the ablation method of the pre sent invention,
the liquid resin containing the fine powder of oxid e having
absorptivity to the wavelength of the laser beam is first
applied to at least the subject area of the substra te to be
ablated, thereby forming the protective film contai ning the
fine powder of oxide. Thereafter, the ablation is performed
through the protective film to the subject area of the



A second slide block 16 is supported to the first slide block 6 so as to be movable in the Y direction
shown by an arrow Y. The second slide block 16 is movable in an indexing direction, i.e., in the Y
direction along a pair of guide rails 24 by indexing means 22 including a ball screw 18 and a pulse
motor 20. A chuck table 28 is supported through a cylindrical support member 26 to the second slide
block 16. Accordingly, the chuck table 28 is movable both in the X direction and in the Y direction by
the feedingupsaatl2 ancchelingipxingeneansrgy. bhe glruclatables8 is provided with a pair gsclamps
30 for clamping a semiconductor wafer W (see FIG. 2) held on the chuck table 28 under suction.

A column ggéérB@H’idBQ onthe ﬁ%io%%@@,se 4 apdiaELasipaamiy aggommodating a laser ggam
applying unit 34 is mounted on the column 32. As shown in FIG. 2, the laser beam applying unit 34
includes a I‘rao er 8\?(e:i4ﬁ‘rtr?r 62r esgcrq asa YdAG Iasr% Pscigﬁt(?r oL aakYVO4 laser oscill%og, é%)etition
frequency%et Ing means @4, pulse width aQﬁgsﬁng MeAhS , and power adjusting means Be. A pulsed
laser beam is generated by the laser oscillator 62, and the power of the pulsed laser beam is adjusted
by the poRONFeiNGIEEYricdHRing CRBRIYYREQAS'QENE PdtRited at the front en¥diRdiBAsing 35 and
includes a mirror 70 and a focusing objective lens 72. The pulsed laser beam from the laser beam
applying uh 34 esudfl¢beaaaftainenpfdhgEarmDemdotigsed by the objective leABer2ign Bk focusing
means 36 so as to form a laser beam spot on the front side of the semiconductor wafer W held on the
chuck tablgn@8laser Bedetriogrbank teupitiedsedt itoagiegelyit 8Bidar detecting a subjentyaraadf the
semiconductor wafer W to be laser-processed is also provided at the front end of the casing 35 so as

to be juxtapaseehly therfestsinemaRBs® iBrthReX silestiate it ihaging unit 38 inclyges gqeordinary
imaging device such as a CCD for imaging the subject area of the semiconductor wafer W by using

visible lig aEQﬁ/é‘ﬁ@rQ‘mﬁHQiFo% fysther includes an infrared imaging unit composed of infrared light
applying means for applying infrared light to the semiconductor wafer W, an optical system for

capturing the jnfrared light applied to the semjconductor wafer W by the infrared light applying means,
and an infraredjf“ama e é)&%ho@%%n#%%eé@golaoutputting an electrif:lgﬁg’fgzqg 09
corresponding to the infrared light captured by the optical system. An image signal output from the
imaging uHiE3PTS IR KRN adiithtibReGOMEs| RIeEPRYZA00 t  The controller 4088 co¥itigured
by a computer, and it includes a central processing unit (CPU) 42 for performing operational
processingecemelimyaea appareindrogramthe readcotiynmissetryniROM) 44 preliminaripesbring the
control program, a readable and writable random access memory (RAM) 46 for storing the results of

computatigndeistoddourdat 48, asiuaputdnterriaceroibaing arlesipigtimterface 52. Referemcegmemeral
56 denotes feed amount detecting means including a linear scale 54 provided along one of the guide
rails 14 ang,3£aad epdrRoMRONRIBIRAdeTRB teliriplifgllock 6. A detectippsighlifiggn the
feed amount detecting means 56 is input into the input interface 50 of the controller 40.
Referencesnurréer%fG(r)rggréot%so H}deexnta\sm(??tmte qet%ct{'ln means including a linear scale 58 provided
along one oc%%epgwge Fails 24 &nd & rea heacm/nor{ shown) provided on the second slide block 16. A
detection signal from the index amount detecting means 60 is input into the input interface 50 of the
controller 40. An image signal from the imaging unit 38 is also input into the input interface 50 of the

controller 40. On the other hand, control signals are output from the output interface 52 of the

controller BRtdthdBRASRINFItoN0 Ghe s RBBNGS and the laser beam applying unit 34.

FIG. 1 is a schematic perspective view of s laser
processing apparatus for performing the ablation me thod

according to the present invention;

FIG. 2 is a block diagram of a laser beam a pplying unit;
FIG. 3 is a perspective view of a semicondu ctor wafer
supported through an adhesive tape to an annular fr ame;



As shown in FIG. 3, a plurality of first streets Si and a plurality of second streets S2 perpendicular to
the first streets Si are formed on the front side of the semiconductor wafer (semiconductor substrate)
W as a workpiece to be processed by the laser processing apparatus 2, thereby partitioning a plurality
of rectangular regions where a plurality of devices D are respectively formed. Further, as best shown
in FIG. 4, a passivation film 11 of nitride is formed on the front side (device surface) of the

semiconductgri@ateid\a Masgosrediisallys the paasistien film 11 is formed of silisowaitiidensuch as
Si3N4 and SIN (SixN). The wafer W is attached to a dicing tape T as an adhesive tape whose

peripheral portjog }?a%@giiﬂﬂrflwgﬁﬁnﬁgé‘?%ﬁﬁé‘b‘!ar frame F. Accordingly, the wafer W is
supported through'the dicing tape T to the annular frame F. The wafer W is held through the dicing
tape T on thelﬁ c talble 28 lépsdeercst%ctio\ﬂégvnd Hloewarqnular ﬁrame F is fixed by the CI? pS :f’r? shown
in FIG. 1. Thus, the wa?ere\NpsupBorteaethrough% e dlcﬁwgatap%uT to the annular frameF is ﬁxedly held
on the chuck table 28 in the condition where the front side of the wafer W is oriented upward. In
the ablatidPRI¥IABEEPthe present invention, a liquid resin applying step is performed in such a
manner that a liquid resin containing a fine powder of oxide having absorptivity to the wavelength of
the laser beafl(s dppficdl gsapb shsetic e FRRetERINiadnductor wafer (semicdiaiiibee udfstrate) W
to be ablated. For example, as shown in FIG. 5, a liquid resin 80 such as PVA (polyvinyl alcohol)
containingvarimgspoede oafdedde (e.g., 1i08) having absorptivity to the wavelength (e.g., 355 nm) of the
laser beam is stored in a liquid resin source 76. A pump 78 is connected to the liquid resin source
76, and a nozz|g 74 ik COMRASIRSEIR EQiBHTEh SRirtpeoTaRaly, when the pump 78 ipstidgidne liquid
resin 80 stored in the liquid resin source 76 is supplied from the nozzle 74 to the front side of the wafer
W and the, i 0., Thereafter, the liquid resin 80 applied to the front side of the wafer W is
cured to fé}ﬁ%%%@%ﬁ\% ’fﬁlr;rgg82 containing the fine powder of oxide having absorptivity to the
wavelength or% %?1 ser beam. As a method of applying the liquid resin 80 to the front side of the wafer
W, spin coati QL 5‘%@ Q(?Jify‘i’g&tléﬂea}ﬁﬁ‘{)’tﬂ@”&&%%@h 80 as rotating the waf ’\Rh(?mﬂ%?)referred
embodiment, 1108 is adopted as the fine powder of oxide mixed in the liquid resin 80 such as PVA
(polyvinyl eRsHBBEHEE agializttiastegémished. while the liquid resin 80 containing the fine
powder of oxide is applied to the entire surface of the front side of the wafer W to form the protective
film 82 in this preferred embodiment shown in FIG. 5, the liquid resin 80 may be applied to only the
subject area to be ablated, i.e., the first streets Si and the second streets S2. In this preferred

embodimentETihe EEMipESTRItemvaier W i N RREFERRED| i cvBEBfeVENTE absorption edge
wavelength of silicon is 1100 nm, so that ablation of the wafer W can be smoothly performed by using

the laser beam E%@@H&ngﬁg{gﬂf%@rﬁr@g@ﬁsm@gﬁ average particle sizg gf\the fifg powder of

oxide mixed in the liquid resin 80 is preferably smaller than the spot diameter of the laser beam, more
specifically smaller.than.10 pm,. for.example. ferring to FIG. 6, there is shown tE elation
between s)éo%c szl%@r?%ﬁté%ég”awl wé%?e%aenngctﬁ 118r \f‘aerigﬂ%%\’rhnetal oxides, i.e., ZnCS’,Sll EC,’IC?OZ, and
Fe202. It can be understood from the graph shown in FIG. 6 that the laser beam to be used for

ablation iSSP EPBIH S IRP AL YR & 5¥(RIR (RERELARERS oxides by setting thY RBPBIGNEEN of the

laser beam to 355 nm or Less. As other metal oxides not shown in FIG. 6, CuO, Cu20, and

2 for performing the ablation method according to t he present
invention for ablating a substrate on which a passi vation film

is formed. The laser processing apparatus 2 includ es a
stationary base 4 and a first slide block 6 support ed to the
stationary base 4 so as to be movable in the X dire ction shown
by an arrow X. The first slide block 6 is movable in a feeding
direction, i.e., in the X direction along a pair of guide rails



MgO have a similar tendency on spectral transmittance. Accordingly, CuO, Cu20, and MgO may also
be adopted as the fine powder of oxide mixed in the liquid resin in the present invention. Thus, any
one of 1102, Fe202, ZnO, Ce02, CuO, Cu20, and MgO may be adopted as the fine powder of oxide
mixed in the liquid resin in the present invention. Table 1 shows the extinction coefficients k and
melting points of these metal oxides. There is a relation of a = 4 nk/A between extinction coefficient k

and absorpopcqeéiiantacahere A isdingivgvelerzothsefdighBtahg used. [Table 1] g pulse
Extinctioncoefficient k(@355nm)

motor 10.

A second slide block 16 is supported to the
block 6 so as to be movable in the Y direction show
arrow Y. The second slide block 16 is movable in a
direction, i.e., in the Y direction along a pair of
24 by indexing means 22 including a ball screw 18 a
motor 20. A chuck table 28 is supported through a
support member 26 to the second slide block 16. Ac
the chuck table 28 is movable both in the X directi
the Y direction by the feeding means 12 and the ind
22. The chuck table 28 is provided with a pair of
clamping a semiconductor wafer W (see FIG. 2) held
table 28 under suction.

A column 32 is provided on the stationary b
casing 35 for accommodating a laser beam applying u
mounted on the column 32. As shown in FIG. 2, the
applying unit 34 includes a laser oscillator 62 suc
laser oscillator or a YVO4 laser oscillator, repeti
frequency setting means 64, pulse width adjusting m
power adjusting means 68. A pulsed laser beam is g

the laser oscillator 62, and the power of the pulse

first slide
n by an
n indexing
guide rails
nd a pulse
cylindrical
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exing means
clamps 30 for
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ase 4, and a
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eans 66, and
enerated by

d laser beam



Melting point(C) ZnO 0.38 1975 1102 0.2 1870 Fe202

is adjusted by the power adjusting means 68. Focus
is mounted at the front end of the casing 35 and in
mirror 70 and a focusing objective lens 72. The pu
beam from the laser beam applying unit 34 is reflec
mirror 70 and next focused by the objective lens 72
focusing means 36 so as to form a laser beam spot o
side of the semiconductor wafer W held on the chuck
Referring back to FIG. 1, an imaging unit 3
detecting a subject area of the semiconductor wafer
laser-processed is also provided at the front end o
35 so as to be juxtaposed to the focusing means 36
direction. The imaging unit 38 includes an ordinar
device such as a CCD for imaging the subject area o
semiconductor wafer W by using visible light. The
38 further includes an infrared imaging unit compos
infrared light applying means for applying infrared
the semiconductor wafer W, an optical system for ca
infrared light applied to the semiconductor wafer W
infrared light applying means, and an infrared imag
such as an infrared CCD for outputting an electrica
corresponding to the infrared light captured by the

system. An image signal output from the imaging un

ing means 36
cludes a
Ised laser
ted by the
in the
n the front
table 28.
8 for
W to be
f the casing
in the X
y imaging
f the
imaging unit
ed of
light to
pturing the
by the
ing device
| signal
optical

it 38 is



|< 1566 Ce02 0.2 1950 CuO 1.5 1201

transmitted to a controller (control means) 40.

The controller 40 is configured by a comput er, and it
includes a central processing unit (CPU) 42 for per forming
operational processing according to a control progr am, a read
only memory (ROM) 44 preliminarily storing the cont rol program,

a readable and writable random access memory (RAM) 46 for
storing the results of computation, etc., a counter 48, an
input interface 50, and an output interface 52. Re ference
numeral 56 denotes feed amount detecting means incl uding a
linear scale 54 provided along one of the guide rai Is 14 and a

read head (not shown) provided on the first slide b lock 6. A

detection signal from the feed amount detecting mea ns 56 is
input into the input interface 50 of the controller 40.

Reference numeral 60 denotes index amount d etecting means
including a linear scale 58 provided along one of t he guide
rails 24 and a read head (not shown) provided on th e second
slide block 16. A detection signal from the index amount
detecting means 60 is input into the input interfac e 50 of the
controller 40. An image signal from the imaging un it 38 is also
input into the input interface 50 of the controller 40. On the
other hand, control signals are output from the out put
interface 52 of the controller 40 to the pulse moto r 10, the



Cu20 1.44 1235 After performing the liquid resin applying step to form the protective film 82 on the
front side of the wafer W, a processing step is performed as shown in FIG. 7 in such a manner that a
pulsed laser beam 37 having an absorption wavelength (e.g., 355 nm) to the semiconductor wafer W
and the fine powder of oxide contained in the protective film 82 is focused by the focusing means 36
and applied to the front side of the semiconductor wafer W. At the same time, the chuck table 28

holding the siemieenciugtranalaid/VaseppeEes dpmyiel theitbang tape | to the annular frame F is
moved at a predetermined feed speed in the direction shown by an arrow X1 in FIG. 7 to thereby form

a laser procegsaegtgmﬂ\,iﬁ &ﬂGorBtI}g ﬁg%ﬁwgqurgiesyvafer W along a predeterpaigigdgng,ff the first

streets Si by ablation.

plurality of second streets S2 perpendicular to the first
streets S1 are formed on the front side of the semi conductor
wafer (semiconductor substrate) W as a workpiece to be
processed by the Ilaser processing apparatus 2, ther eby
partitioning a plurality of rectangular regions whe re a
plurality of devices D are respectively formed. Fu rther, as
best shown in FIG. 4, a passivation film 11 of nitr ide is
formed on the front side (device surface) of the se miconductor
wafer W. More specifically, the passivation film 1 1 is formed

of silicon nitride such as Si 3Ny and SiN (Si xNy).

The wafer W is attached to a dicing tape T as an adhesive
tape whose peripheral portion is preliminarily atta ched to an
annular frame F. Accordingly, the wafer W is suppo rted through
the dicing tape T to the annular frame F. The wafe r W is held
through the dicing tape T on the chuck table 28 und er suction,
and the annular frame F is fixed by the clamps 30 s hown in FIG.

1. Thus, the wafer W supported through the dicing tape T to the
annular frame F is fixedly held on the chuck table 28 in the
condition where the front side of the wafer W is or iented
upward.

10



Thereafter, the chuck table 28 holding the wafer W is indexed in the Y direction to similarly perform the
ablation along all of the first streets Si, thereby forming a plurality of laser processed grooves 84 on the
front side of the wafer W along all of the first streets Si. Thereafter, the chuck table 28 is rotated 900 to
similarly perform the ablation along all of the second streets S2 perpendicular to the first streets Si,
thereby forming a plurality of laser processed grooves 84 on the front side of the wafer W along all of

the second stiggte SRakita. rBdhadersPrCpresesraving the condition wheighthellgegr processed
grooves 84 have been formed along all of the first and second streets Si and S2. This laser

processingds;pelfpinRg URAPIR fRIINERg FAnEiiemARREX@MPle. Light sourcer,y AGqitped laser

Wavelength: 355 nm (third harmonic generation of YAG laser) Average power

resin containing a fine powder of oxide having abso rptivity to
the wavelength of the laser beam is applied to the subject area
of the semiconductor wafer (semiconductor substrate ) W to be
ablated. For example, as shown in FIG. 5, a liquid resin 80
such as PVA (polyvinyl alcohol) containing a fine p owder of
oxide (e.g., TiO 2) having absorptivity to the wavelength (e.qg.,
355 nm) of the laser beam is stored in a liquid res in source 76.
A pump 78 is connected to the liquid resin source 76, and
a nozzle 74 is connected to the pump 78. According ly, when the
pump 78 is driven, the liquid resin 80 stored in th e liquid
resin source 76 is supplied from the nozzle 74 to t he front
side of the wafer W and then applied thereto. Ther eafter, the
liquid resin 80 applied to the front side of the wa fer W is
cured to form a protective film 82 containing the f ine powder
of oxide having absorptivity to the wavelength of t he laser
beam. As a method of applying the liquid resin 80 to the front
side of the wafer W, spin coating may be adopted to apply the
liquid resin 80 as rotating the wafer W. In this p referred

embodiment, TIO , is adopted as the fine powder of oxide mixed in

the liquid resin 80 such as PVA (polyvinyl alcohol) and PEG

11



: 0.5 to 10 W Repetition frequency : 10 to

(polyethylene glycol).

While the liquid resin 80 containing the fi ne powder of
oxide is applied to the entire surface of the front side of the
wafer W to form the protective film 82 in this pref erred
embodiment shown in FIG. 5, the liquid resin 80 may be applied
to only the subject area to be ablated, i.e., the f irst streets
S1 and the second streets S2. In this preferred em bodiment, the
semiconductor wafer W is formed from a silicon wafe r. The
absorption edge wavelength of silicon is 1100 nm, s o that
ablation of the wafer W can be smoothly performed b y using the
laser beam having a wavelength of 355 nm or less. The average
particle size of the fine powder of oxide mixed in the liquid
resin 80 is preferably smaller than the spot diamet er of the
laser beam, more specifically smaller than 10 um, for example.

Referring to FIG. 6, there is shown the rel ation between
spectral transmittance and wavelength for various m etal oxides,

i.e., ZnO, TiO -, CeO ,, and Fe ,0;. It can be understood from the

graph shown in FIG. 6 that the laser beam to be use d for
ablation is almost absorbed by the fine powder of t hese metal
oxides by setting the wavelength of the laser beam to 355 nm or
less. As other metal oxides not shown in FIG. 6, C uoO, Cu »0, and
MgO have a similar tendency on spectral transmittan ce.

12



200 kHz Spot diameter : cl to 10 pm Feed

Accordingly, CuO, Cu 20, and MgO may also be adopted as the fine

powder of oxide mixed in the liquid resin in the pr esent
invention. Thus, any one of TiO 2, Fe 20;, ZnO, CeO 5, CuO, Cu >0,
and MgO may be adopted as the fine powder of oxide mixed in the

liquid resin in the present invention.

Table 1 shows the extinction coefficients k and melting
points of these metal oxides. There is a relation of a=4 =kl A
between extinction coefficient k and absorption coe fficient a,

where A is the wavelength of light to be used.

[Table 1]

Extinction coefficient

Melting point (°C)

k (@355 nm)
ZnO |0.38 2975
TiO, 0.2 1870
Fe,0; |1< 1566
CeG 1[0.2 1950
CuO 1.5 1201
CuO [1.44 14235

After performing the liquid resin applying step to form

the protective film 82 on the front side of the waf er W, a

13



speed : 10 to 100 mm/sec Examples of the substrate applicable in the present invention may
include Si, SiGe, Ge, AIN, InAIN, InN, GaN, InGaN, SiC, and GaAs substrates. According to the
ablation method of this preferred embodiment, the liquid resin 80 containing the fine powder of oxide
having absorptivity to the wavelength of the laser beam is first applied to the front side of the wafer W
to form the protective film 82. Thereafter, the ablation is performed

laser processing step by ablation is performed. Th is laser
processing step is performed as shown in FIG. 7 in such a
manner that a pulsed laser beam 37 having an absorp tion
wavelength (e.g., 355 nm) to the semiconductor wafe r W and the
fine powder of oxide contained in the protective fi Im 82 is
focused by the focusing means 36 and applied to the front side

of the semiconductor wafer W. At the same time, th e chuck table
28 holding the semiconductor wafer W supported thro ugh the

dicing tape T to the annular frame F is moved at a

predetermined feed speed in the direction shown by an arrow X1
in FIG. 7 to thereby form a laser processed groove 84 on the
front side of the wafer W along a predetermined one of the

first streets S1 by ablation.

Thereafter, the chuck table 28 holding the wafer W is
indexed in the Y direction to similarly perform the ablation
along all of the first streets S1, thereby forming a plurality
of laser processed grooves 84 on the front side of the wafer W
along all of the first streets S1. Thereatfter, the chuck table
28 is rotated 90° to similarly perform the ablation along all
of the second streets S2 perpendicular to the first streets S1,
thereby forming a plurality of laser processed groo ves 84 on
the front side of the wafer W along all of the seco nd streets

14



through the protective film 82 to the front side of the wafer W. Accordingly, the energy of the laser
beam is absorbed by the fine powder of oxide contained in the protective film 82 to reach a bandgap
energy and break the atomic bond, thereby causing chained ablation to the passivation film 11.

As a result, the scattering of the energy and the reflection of the laser beam can be suppressed to
thereby perform the ablation efficiently and smoothly. The fine powder of oxide mixed in the liquid resin

functions &pa PIEessiRgAgRegIatvi AllRiiosmbvdngetiRseiopigicessed grooves 84ighongateof the
streets Si and S2, the dicing tape T is radially expanded by using a breaking apparatus well known in

the art to %qgggpg%@@sgé@rﬁﬂgé@&e ﬁhﬂ?ﬁawfﬁéw- ﬁﬁrﬂéﬁs'a”% the wafer W is rq&vigﬁadoglong the

laser processed grooves 84 by this external force to obtain the individual devices D. The present
invention i%nqt Ii[nitegl to the details o Te ag%/ described preferred embodiments. The scope of the
. L s%rb%con Sr(ejetg . an g e o

invention is defined bythé appended claims and all changes and modifications as fall within the
equivalence of the scope of the claims are therefore to be embraced by the invention. WHAT IS

CLAIMED 1S:This 13SenRIBRaRING B REGCERSTing ' 984sEY beam to a substratefrdAHRARING

passivation film of nitride is formed,
conditions, for example.

Light source : YAG pulsed laser

Wavelength : 355 nm (third harmonic generation
of YAG laser)

Average power :05t010W

Repetition frequency : 10 to 200 kHz

Spot diameter X plto10 um

Feed speed : 10 to 100 mm/sec

Examples of the substrate applicable in the present
invention may include Si, SiGe, Ge, AIN, InAIN, InN , GaN, InGaN,

SiC, and GaAs substrates.

According to the ablation method of this pr eferred
embodiment, the liquid resin 80 containing the fine powder of
oxide having absorptivity to the wavelength of the laser beam
is first applied to the front side of the wafer W t o form the
protective film 82. Thereafter, the ablation is pe rformed

15



thereby performing ablation, said ablation method comprising: a protective film forming step of
applying a liquid resin containing a fine powder of oxide having absorptivity to the wavelength of said
laser beam to at least a subject area of said substrate to be ablated, thereby forming a protective film
containing said fine powder on at least said subject area of said substrate; and a laser processing
step of applying said laser beam to said subject area coated with said protective film, thereby

performingrablajiotHiéioegbcsaie Mratective thlenfioraaishieubiect area of said substrpie wiesrparforming
said protective film forming step. 2. The ablation method according to claim 1, wherein said fine

powder Of&éé%watﬁé%ﬂ\é?@g%ﬁoﬂ#ﬁcisﬁeb%ﬁﬁ“% thag gsPot diameter of sgif Iggegeam.
3. The ablation method accordingto claim 1, wherein the wavelength of said laser beam’is 355 nm or
Jess;

fine powder of oxide contained in the protective fi Im 82 to
reach a bandgap energy and break the atomic bond, t hereby
causing chained ablation to the passivation film 11

As a result, the scattering of the energy a nd the
reflection of the laser beam can be suppressed to t hereby
perform the ablation efficiently and smoothly. The fine powder
of oxide mixed in the liquid resin functions as a p rocessing

accelerator. After forming the laser processed gro

oves 84 along

all of the streets S1 and S2, the dicing tape T is radially
expanded by using a breaking apparatus well known i n the art to
thereby apply an external force to the wafer W. As a result,
the wafer W is divided along the laser processed gr ooves 84 by
this external force to obtain the individual device s D.

The present invention is not limited to the details of
the above described preferred embodiments. The sco pe of the

invention is defined by the appended claims and all
modifications as fall within the equivalence of the

the claims are therefore to be embraced by the inve

16
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said fine powder of said oxide includes a metal oxide selected from the group consisting of Fe202,
Zn0, 1102, Ce02, CuO, Cu20, and MgO; and said liquid resin includes polyvinyl alcohol.

WHAT IS CLAI MED | S:

1. An ablation method of applying a laser beam to a
substrate on which a passivation film of nitride is formed,
thereby performing ablation, said ablation method ¢ omprising:

a protective film forming step of applying a

liquid resin containing a fine powder of oxide havi ng
absorptivity to the wavelength of said laser beam t o at
least a subject area of said substrate to be ablate d,
thereby forming a protective film containing said f ine
powder on at least said subject area of said substr ate;
and

a laser processing step of applying said laser beam

to said subject area coated with said protective fi Im,
thereby performing ablation through said protective film
to said subject area of said substrate after perfor ming

said protective film forming step.

2. The ablation method according to claim 1, wherein
said fine powder of said oxide has an average parti cle size
smaller than a spot diameter of said laser beam.

3. The ablation method according to claim 1, wherein
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the wavelength of said laser beam is 355 nm or
less;

said fine powder of said oxide includes a metal
oxide selected from the group consisting of Fe 203, ZnO,
TiO ,, CeO ,, CuO, Cu -0, and MgO; and

said liquid resin includes polyvinyl alco hol.
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