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ABLATION METHOD FOR SUBSTRATE ON WHICH PASSIVATION FILM IS 

FORMED 

 

BACKGROUND OF THE INVENTION 

 

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, LSIs, 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 µm is rotated at a 

high speed of about 30000 rpm and fed in the wafer to cut the 

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, ISIs, and LEDs are formed on the front side of a wafer such as a silicon wafer and a sapphire
wafer so as to be partitioned by a plurality of division lines. The wafer is divided into the individual
devices by any dividing apparatus such as a cutting apparatus and a laser processing apparatus.
These devices are widely used in various electrical equipment such as mobile phones and personal
computers. As a method of dividing the wafer into the individual 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 cutting blade is formed by bonding
abrasive grains of diamond, for example, with metal or resin. 
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wafer, thus dividing the wafer into the individual devices.  The 

cutting blade is formed by bonding abrasive grains of diamond, 

for example, with metal or resin. 

        On the other hand, there has recently been proposed 

another dividing method including the steps of appl ying a 

pulsed laser beam having an absorption wavelength t o the wafer 

to thereby form a plurality of laser processed groo ves by 

ablation and next breaking the wafer along the lase r processed 

grooves by using a breaking apparatus, thus dividin g the wafer 

into the individual devices (see Japanese Patent La id-open No. 

Hei 10-305420, for example).  This ablation method for forming 

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 

µm or less, so that the number of devices obtainable  per wafer 

can be increased as compared with the dicing method . 

 

SUMMARY OF THE INVENTION 

        When a pulsed laser beam having an absorpti on wavelength 

(e.g., 355 nm) to a semiconductor substrate as the wafer, 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
processed grooves has an advantage over the dicing method using a dicing saw in that the processing
speed is higher and a wafer formed of a hard material such as sapphire and SiC can also be
processed relatively easily. Furthermore, the width of each laser processed groove can be reduced to
10 pm or less, so that the number of devices obtainable per wafer can be increased as compared with
the dicing method. SUMMARY OF THE INVENTION         When a pulsed laser beam having an
absorption wavelength (e.g., 355 nm) to 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 semiconductor substrate, thereby performing the ablation. However, in the case that a
passivation film of nitride such as Si3N4 is formed on the front side of the semiconductor substrate,
there is a problem such that the scattering of the energy of the laser beam and the reflection of the
laser beam may occur, so that the energy of the laser beam may not be sufficiently used for the
ablation to cause a large energy loss. Further, there is another problem such that the laser beam
passed through the passivation film may ablate the semiconductor substrate and break the passivation
film from the inside surface thereof.         It is therefore an object of the present invention to provide an
ablation method which can suppress the scattering 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 nitride is formed, thereby performing ablation, the ablation method including
a protective film forming step of applying a liquid resin containing a fine powder of oxide having
absorptivity to the wavelength of the laser beam to at least a subject area of the substrate to be
ablated, thereby forming a protective film 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. 
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energy of the laser beam absorbed by the semiconduc tor 

substrate reaches a bandgap energy to break the ato mic bond in 

the semiconductor substrate, thereby performing the  ablation.  

However, in the case that a passivation film of nit ride such as 

Si 3N4 is formed on the front side of the semiconductor s ubstrate, 

there is a problem such that the scattering of the energy of 

the laser beam and the reflection of the laser beam  may occur, 

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 

Preferably, the fine powder of the oxide has 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 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
wavelength of the laser beam is first applied to at least the subject area of the substrate to be ablated,
thereby forming the protective film containing the fine powder of oxide. Thereafter, the ablation is
performed through the protective film to the subject area of the substrate.Accordingly, the energy of
the laser beam is absorbed by the fine powder of oxide contained in the protective film to reach a
bandgap energy and break the atomic bond, thereby causing chained ablation to the passivation film.
As a result, the scattering of the energy and the reflection of the laser beam can be suppressed to
thereby efficiently and smoothly perform the ablation of the substrate on which the passivation film is
formed.         The above and other objects, features and advantages of the present invention and the
manner of realizing them will become more apparent, and the invention itself will best be understood
from a study of the following description and appended claims with reference to the attached drawings
showing some preferred embodiments of the invention. BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic perspective view of s laser processing apparatus for performing the ablation
method according to the present invention;     FIG. 2 is a block diagram of a laser beam applying unit;
FIG. 3 is a perspective view of a semiconductor wafer supported through an adhesive tape to an
annular frame; 
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containing a fine powder of oxide having absorptivi ty to the 

wavelength of the laser beam to at least a subject area of the 

substrate to be ablated, thereby forming a protecti ve film 

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 2O3, ZnO, TiO 2, CeO 2, CuO, Cu 2O, 

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 

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
EMBODIMENT         A preferred embodiment of the present invention will now be described in detail
with reference to the drawings. FIG. 1 is a schematic perspective view of a laser processing apparatus
2 for performing the ablation method according to the present invention for ablating a substrate on
which a passivation film is formed. The laser processing apparatus 2 includes a stationary base 4 and
a first slide block 6 supported to the stationary base 4 so as to be movable in the X direction 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 14 by feeding means 12 including a ball screw 8 and a pulse motor 10. 
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substrate.  Accordingly, the energy of the laser be am is 

absorbed by the fine powder of oxide contained in t he 

protective film to reach a bandgap energy and break  the atomic 

bond, thereby causing chained ablation to the passi vation film.  

As a result, the scattering of the energy and the r eflection of 

the laser beam can be suppressed to thereby efficie ntly and 

smoothly perform the ablation of the substrate on w hich the 

passivation film is formed. 

        The above and other objects, features and a dvantages of 

the present invention and the manner of realizing t hem will 

become more apparent, and the invention itself will  best be 

understood from a study of the following descriptio n and 

appended claims with reference to the attached draw ings showing 

some preferred embodiments of the invention. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

        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; 

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 feeding means 12 and the indexing means 22. The chuck table 28 is provided with a pair of clamps
30 for clamping a semiconductor wafer W (see FIG. 2) held on the chuck table 28 under suction.
A column 32 is provided on the stationary base 4, and a casing 35 for accommodating a laser beam
applying unit 34 is mounted on the column 32. As shown in FIG. 2, the laser beam applying unit 34
includes a laser oscillator 62 such as a YAG laser oscillator or a YVO4 laser oscillator, repetition
frequency setting means 64, pulse width adjusting means 66, and power adjusting means 68. A pulsed
laser beam is generated by the laser oscillator 62, and the power of the pulsed laser beam is adjusted
by the power adjusting means 68. Focusing means 36 is mounted at the front end of the casing 35 and
includes a mirror 70 and a focusing objective lens 72. The pulsed laser beam from the laser beam
applying unit 34 is reflected by the mirror 70 and next focused by the objective lens 72 in the focusing
means 36 so as to form a laser beam spot on the front side of the semiconductor wafer W held on the
chuck table 28.         Referring back to FIG. 1, an imaging unit 38 for detecting a subject area of the
semiconductor wafer W to be laser-processed is also provided at the front end of the casing 35 so as
to be juxtaposed to the focusing means 36 in the X direction. The imaging unit 38 includes an ordinary
imaging device such as a CCD for imaging the subject area of the semiconductor wafer W by using
visible light. The imaging unit 38 further 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 infrared light applied to the semiconductor wafer W by the infrared light applying means,
and an infrared imaging device such as an infrared CCD for outputting an electrical signal
corresponding to the infrared light captured by the optical system. An image signal output from the
imaging unit 38 is transmitted to a controller (control means) 40.         The controller 40 is configured
by a computer, and it includes a central processing unit (CPU) 42 for performing operational
processing according to a control program, a read only memory (ROM) 44 preliminarily storing the
control 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. Reference numeral
56 denotes feed amount detecting means including a linear scale 54 provided along one of the guide
rails 14 and a read head (not shown) provided on the first slide block 6. A detection signal from the
feed amount detecting means 56 is input into the input interface 50 of the controller 40.
Reference numeral 60 denotes index amount detecting means including a linear scale 58 provided
along one of the guide rails 24 and a read head (not 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 40 to the pulse motor 10, the pulse motor 20, and the laser beam applying unit 34. 
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        FIG. 4 is a sectional view of the semicondu ctor wafer on 

which a passivation film of nitride is formed; 

        FIG. 5 is a perspective view showing a liqu id resin 

applying step; 

        FIG. 6 is a graph showing the spectral tran smittance of 

various metal oxides; 

        FIG. 7 is a perspective view showing a lase r 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 EMBODIMENT 

        A preferred embodiment of the present inven tion will now 

be described in detail with reference to the drawin gs.  FIG. 1 

is a schematic perspective view of a laser processi ng apparatus 

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 

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
semiconductor wafer W. More specifically, the passivation film 11 is formed of silicon nitride such as
Si3N4 and SiN (SixN).         The wafer W is attached to a dicing tape T as an adhesive tape whose
peripheral portion is preliminarily attached to an annular 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 the chuck table 28 under suction, and the annular frame F is fixed by the clamps 30 shown
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 oriented upward.          In
the ablation method of the 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 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 powder of oxide (e.g., Ii08) 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 nozzle 74 is connected to the pump 78. Accordingly, when the pump 78 is driven, the 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 then applied thereto. Thereafter, the liquid resin 80 applied to the front side of the wafer W is
cured to form a protective film 82 containing the fine powder of oxide having absorptivity to the
wavelength of the 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 preferred
embodiment, 1108 is adopted as the fine powder of oxide mixed in the liquid resin 80 such as PVA
(polyvinyl alcohol) and PEG  (polyethylene glycol).         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
embodiment, the semiconductor wafer W is formed from a silicon wafer. The absorption edge
wavelength of silicon is 1100 nm, so that ablation of the wafer W can be smoothly performed by 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 diameter of the laser beam, more
specifically smaller than 10 pm, for example.         Referring to FIG. 6, there is shown the relation
between spectral transmittance and wavelength for various metal oxides, i.e., ZnO, 1102, Ce02, and
Fe202. It can be understood from the graph shown in FIG. 6 that the laser beam to be used for
ablation is almost absorbed by the fine powder of these metal oxides by setting the wavelength of the
laser beam to 355 nm or Less. As other metal oxides not shown in FIG. 6, CuO, Cu20, and 
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14 by feeding means 12 including a ball screw 8 and  a pulse 

motor 10. 

        A second slide block 16 is supported to the  first slide 

block 6 so as to be movable in the Y direction show n by an 

arrow Y.  The second slide block 16 is movable in a n indexing 

direction, i.e., in the Y direction along a pair of  guide rails 

24 by indexing means 22 including a ball screw 18 a nd a pulse 

motor 20.  A chuck table 28 is supported through a cylindrical 

support member 26 to the second slide block 16.  Ac cordingly, 

the chuck table 28 is movable both in the X directi on and in 

the Y direction by the feeding means 12 and the ind exing means 

22.  The chuck table 28 is provided with a pair of clamps 30 for 

clamping a semiconductor wafer W (see FIG. 2) held on the chuck 

table 28 under suction. 

        A column 32 is provided on the stationary b ase 4, and a 

casing 35 for accommodating a laser beam applying u nit 34 is 

mounted on the column 32.  As shown in FIG. 2, the laser beam 

applying unit 34 includes a laser oscillator 62 suc h as a YAG 

laser oscillator or a YVO4 laser oscillator, repeti tion 

frequency setting means 64, pulse width adjusting m eans 66, and 

power adjusting means 68.  A pulsed laser beam is g enerated by 

the laser oscillator 62, and the power of the pulse d laser beam 

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 absorption coefficient a, where A is the wavelength of light to be used. [Table 1]
Extinctioncoefficient k(@355nm) 
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is adjusted by the power adjusting means 68.  Focus ing means 36 

is mounted at the front end of the casing 35 and in cludes a 

mirror 70 and a focusing objective lens 72.  The pu lsed laser 

beam from the laser beam applying unit 34 is reflec ted by the 

mirror 70 and next focused by the objective lens 72  in the 

focusing means 36 so as to form a laser beam spot o n the front 

side of the semiconductor wafer W held on the chuck  table 28. 

        Referring back to FIG. 1, an imaging unit 3 8 for 

detecting a subject area of the semiconductor wafer  W to be 

laser-processed is also provided at the front end o f the casing 

35 so as to be juxtaposed to the focusing means 36 in the X 

direction.  The imaging unit 38 includes an ordinar y imaging 

device such as a CCD for imaging the subject area o f the 

semiconductor wafer W by using visible light.  The imaging unit 

38 further includes an infrared imaging unit compos ed of 

infrared light applying means for applying infrared  light to 

the semiconductor wafer W, an optical system for ca pturing the 

infrared light applied to the semiconductor wafer W  by the 

infrared light applying means, and an infrared imag ing device 

such as an infrared CCD for outputting an electrica l signal 

corresponding to the infrared light captured by the  optical 

system.  An image signal output from the imaging un it 38 is 

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

l< 1566 Ce02 0.2 1950 CuO 1.5 1201 
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pulse motor 20, and the laser beam applying unit 34 . 

        As shown in FIG. 3, a plurality of first st reets S1 and a 

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 laser 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 3N4 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. 

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 semiconductor wafer W supported through the dicing tape I 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 Si by ablation. 
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        In the ablation method of the present inven tion, a liquid 

resin applying step is performed in such a manner t hat a liquid 

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.g., 

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 2 is adopted as the fine powder of oxide mixed in 

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

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 streets  S2. FIG. 8 is a perspective view showing the condition where the laser processed
grooves 84 have been formed along all of the first and second streets Si and S2.         This laser
processing is performed under the following conditions, for example. Light source: YAG pulsed laser
Wavelength: 355 nm (third harmonic generation of YAG laser) Average power 
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(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 µm, 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 2, CeO 2, and Fe 2O3.  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 uO, Cu 2O, and 

MgO have a similar tendency on spectral transmittan ce.  

: 0.5 to 10 W Repetition frequency : 10 to 
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Accordingly, CuO, Cu 2O, 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 2O3, ZnO, CeO 2, CuO, Cu 2O, 

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 α = 4 πk/ λ 

between extinction coefficient k and absorption coe fficient α, 

where λ is the wavelength of light to be used. 

 

[Table 1] 

 
Extinction coefficient  

k (@355 nm) 
Melting point (ºC)  

ZnO 0.38 1975 

TiO 2 0.2 1870 

Fe2O3 1< 1566 

CeO2 0.2 1950 

CuO 1.5 1201 

Cu2O 1.44 1235 

 

        After performing the liquid resin applying step to form 

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

200 kHz Spot diameter : cl to 10 pm Feed 
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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 lm 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.  Thereafter, the  chuck table 

28 is rotated 90º 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 

speed : 10 to 100 mm/sec          Examples of the substrate applicable in the present invention may
include Si, SiGe, Ge, AIN, InAlN, 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 
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S2.  FIG. 8 is a perspective view showing the condi tion where 

the laser processed grooves 84 have been formed alo ng all of 

the first and second streets S1 and S2. 

        This laser processing is performed under th e following 

conditions, for example. 

 

Light source : YAG pulsed laser 

Wavelength : 355 nm (third harmonic generation 

of YAG laser) 

Average power : 0.5 to 10 W 

Repetition frequency : 10 to 200 kHz 

Spot diameter : φ1 to 10 µm 

Feed speed : 10 to 100 mm/sec 

        

Examples of the substrate applicable in the present  

invention may include Si, SiGe, Ge, AlN, InAlN, 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 

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 as a processing accelerator. After forming the laser processed grooves 84 along all of the
streets Si and S2, the dicing tape T is radially expanded by using a breaking apparatus well known in
the art to thereby apply an external force to the wafer W. As a result, the wafer W is divided along the
laser processed grooves 84 by this external force to obtain the individual devices D.          The present
invention is not limited to the details of the above described preferred embodiments. The scope of the
invention is defined by the 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 IS:          1. An ablation method of applying a laser beam to a substrate on which a
passivation film of nitride is formed, 
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through the protective film 82 to the front side of  the wafer W.  

Accordingly, the energy of the laser beam is absorb ed by the 

fine powder of oxide contained in the protective fi lm 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  changes and 

modifications as fall within the equivalence of the  scope of 

the claims are therefore to be embraced by the inve ntion. 

  

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
performing ablation through said protective film to said subject area of said substrate after performing
said protective film forming step.          2. The ablation method according to claim 1, wherein said fine
powder of said oxide has an average particle size smaller than a spot diameter of said laser beam.
3. The ablation method according to claim 1, wherein  the wavelength of said laser beam is 355 nm or
Jess; 
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WHAT IS CLAIMED IS: 

 

        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 c 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 lm, 

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 

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



18 

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 2O3, ZnO, 

TiO 2, CeO 2, CuO, Cu 2O, and MgO; and 

          said liquid resin includes polyvinyl alco hol. 

  


