METHOD OF PROCESSING SINGLE-CRYSTAL MEMBER

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a methbghrocessing a single-crystal
member such as a sapphire £&d) substrate, a silicon carbide (SiC) substrate, a
gallium nitride (GaN) substrate, or the like.

Description of the Related Art

In an optical device fabrication processoatical device layer made up of
an n-type nitride semiconductor layer and a p-tpgede semiconductor layer is
stacked on the surface of a sapphire@4J substrate, a silicon carbide (SiC) substrate,
or a gallium nitride (GaN) substrate, and opticatides such as light-emitting diodes,
laser diodes, or the like are formed in a pluratifyregions divided by a plurality of
division lines formed in a grid pattern, therebygucing an optical device wafer.
Then, a laser beam is applied to the optical dewafer along the division lines to cut
the optical device wafer, dividing the regions wiitle optical devices formed therein
thereby to manufacture individual optical devices.

As a method of dividing wafers such as @beve optical device wafers,
there has been tried a laser processing methodisesta pulsed laser beam having a
wavelength permeable to the workpiece, whereinptilsed laser beam is applied to
the workpiece while positioning a converged poinéreof within an area to be
divided. A dividing process using such a laseccpssing method is a technology for
dividing a wafer by applying a pulsed laser beamiritgaa wavelength permeable to
the wafer from one surface of the wafer while posihg a converged point of the
laser beam within the wafer thereby to form a sssiom of modified layers serving as

rupture start points along a division line withimetwafer and applying an external
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force to the wafer along a street where the stheigglowered by the modified layers
formed (see, for example, Japanese Patent No. 8588

Furthermore, as a method of dividing a watech as a semiconductor wafer,
an optical device wafer, or the like along a dmsiline, there has been put into
practical use a technology for performing an abtaprocess on a wafer by irradiating
the wafer with a pulsed laser beam having a waggheabsorbable by the wafer along
a division line thereby to form laser-processedyes, and applying an external force
along the division line where the laser-processed\ges have been formed as rupture
start points, thereby splitting the wafer (see,drample, Japanese Patent Laid-open

No. 1998-305420).

SUMMARY OF THE INVENTION

However, either one of the above processiethods is problematic in that
the productivity is poor because in order to divagreoptical device wafer made of a
sapphire (AdO3) substrate or the like into individual devicesraa division line, it is
necessary to apply a laser beam to the same diis® a plurality of times.

It is therefore an object of the presemnteition to provide a method of
processing a single-crystal member in a manneetaldbe to laser-process the single-
crystal member efficiently to a desired thickness.

In accordance with an aspect of the presemntion, there is provided a
method of processing a single-crystal member, diolyisetting a peak energy density
of a pulsed laser beam to a value in a range froMMIcn? to 100 TW/crf, and
applying the pulsed laser beam to the single-crystamber while positioning a
converged point of the pulsed laser beam at a predaed position spaced from an
upper side of the single-crystal member to growna hole and an amorphous region

shielding the fine hole from the upper side of #iegle-crystal member, thereby
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forming a shield tunnel in the single-crystal membe

Preferably, the method of processing a lstogystal member includes
continuously forming the shield tunnels along arglity of division lines formed on
the single-crystal member, and dividing the singlgstal member along the division
lines with the shield tunnels continuously formkdrealong.

With the method of processing a singledatysnember according to the
present invention, the peak energy density of aquulaser beam is to a value in a
range from 1 TW/chto 100 TW/cm, and the pulsed laser beam is applied to the
single-crystal member while positioning a convergeiht thereof at a predetermined
position spaced from an upper side of the singystal member to grow fine holes
and amorphous regions shielding the fine holesénsingle-crystal member from the
upper side of the single-crystal member, therelbmiiog shield tunnels in the single-
crystal member. Consequently, by adjusting theuwupower of the pulsed laser
beam to an appropriate level, it is possible tonfdine shield tunnels from the upper
side to the lower side of the single-crystal memiin the pulsed laser beam applied
only once. Even if the single-crystal member iswfincreased thickness, the pulsed
laser beam needs to be applied only once to tlggesanystal member, and hence the
productivity of the shield tunnels is increased.

The above and other objects, features ahchrdages of the present
invention and the manner of realizing them will @& more apparent, and the
invention itself will best be understood from adstwof the following description and
appended claims with reference to the attached idgswvshowing a preferred

embodiment of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of an optidalice wafer as a single-crystal
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member;

FIG. 2 is a perspective view showing thenne in which the optical device
wafer shown in FIG. 1 is adhered to a dicing tapeimted on an annular frame;

FIG. 3 is a perspective view of essentatgpof a laser processing apparatus
that is suitable for performing a shield tunnehfiang step;

FIG. 4 is a block diagram of pulsed lasearn oscillating means included in
the laser processing apparatus shown in FIG. 3;

FIG. 5 is a diagram showing the relatiopgbetween a numerical aperture
(NA) of a condensing lens, a refractive index (N)tle optical device wafer, and a
value (S = NA/N) obtained by dividing the numerieglerture (NA) by the refractive
index (N);

FIGS. 6A through 6E are views illustratihg shield tunnel forming step;

FIG. 7 is a perspective view of a dividiagparatus for dividing an optical
device wafer wherein shield tunnels have been fdrmt individual optical devices;
and

FIGS. 8A through 8C are views illustratingwafer dividing step that is

carried out by the dividing apparatus shown in FG.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
A method of processing a single-crystal memaccording to the present
invention will be described in detail below withfeeence to the attached drawings.
FIG. 1 shows in perspective an optical device wagea single-crystal member which
is to be processed by the method of processinggescrystal member according to
the present invention. As shown in FIG. 1, anagbtdevice wafer 2 has a matrix of
optical devices 21 such as light-emitting diodesgel diodes, or the like disposed on

an upper surface 2a of a sapphire;(B) substrate having a thickness of 400 pum.
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The optical devices 21 are separated by divisioesl22 formed in a grid pattern.

The method of processing a single-crystaimioer, i.e., processing the
optical device wafer 2 as a single-crystal membdr,be described below. First, a
wafer supporting step wherein the optical devicéewa is adhered to the surface of a
dicing tape mounted on an annular frame is caroid Specifically, as shown in
FIG. 2, a reverse surface 2b of the optical dewiater 2 is adhered to the surface of a
dicing tape 30 whose outer circumferential porti@s been mounted on an annular
frame 3 in covering relation to an inner openinghef frame 3. The optical device
wafer 2 that is adhered to the upper surface oflitiag tape 30 has its upper surface
2a facing upwardly.

FIG. 3 shows in perspective essential pairta laser processing apparatus
that laser-processes the optical device wafer @vioich the above wafer supporting
step has been carried out along division lines Z4G. 4 shows in block form pulsed
laser beam oscillating means included in the lpsacessing apparatus shown in FIG.
3. Alaser processing apparatus 4 shown in Flkas3a chuck table 41 that holds a
workpiece, laser beam applying means 42 that applilaser beam to the workpiece
held on the chuck table 41, and image capturingndd that captures an image of
the workpiece held on the chuck table 41. The klable 41, which is arranged to
hold the workpiece under suction, is movable alarfgeding direction indicated by
an arrow X in FIG. 3 by feeding means not depicte®| along an indexing direction
indicated by an arrow Y in FIG. 3 by indexing means$ depicted.

The laser beam applying means 42 includesasang 421 of a hollow
cylindrical shape extending essentially horizogtallAs shown in FIG. 4, the laser
beam applying means 42 has pulsed laser beamatisgjlimeans 422 disposed in the
casing 421, output power adjusting means 423 fguséidg the output power of a

pulsed laser beam emitted from the pulsed lasembmscillating means 422, and a
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converging unit (condenser) 424 for converging phésed laser beam whose output
power has been adjusted by the output power adgustieans 423 and applying the
converged pulsed laser beam to the optical devialem2 which is held as the
workpiece on a holding surface that is providethasupper surface of the chuck table
41. The pulsed laser beam oscillating means 4@2des a pulsed laser oscillator
422a, repetitive frequency setting means 422bdtimg a repetitive frequency for the
pulsed laser beam oscillated by the pulsed laseitlaisr 422a, and pulse width
setting means 422c for setting a pulse width ferghlsed laser beam oscillated by the
pulsed laser oscillator 422a. According to thespré embodiment, the pulsed laser
beam oscillating means 422 thus arranged oscilladsed laser beam LB having a
wavelength of 1030 nm. The pulsed laser beamlaog means 422 and the output
power adjusting means 423 are controlled by comiedns not depicted.

The converging unit 424 includes a dirattichanging mirror 424a for
changing the direction of the pulsed laser beamdadg/nwardly which has been
oscillated by the pulsed laser beam oscillatingmae2 and whose output power has
been adjusted by the output power adjusting medBsahd a condensing lens 424b
for converging the pulsed laser beam which has lmamged in direction by the
direction changing mirror 424a and applying thevasged pulsed laser beam LB to
the workpiece W held on the holding surface asuiyger surface of the chuck table
41. The present inventor has confirmed that alghienel is formed insofar as a
value obtained by dividing the numerical apertiM&) of the condensing lens 424b
of the converging unit 424 by the refractive indBY of the single-crystal member is
in the range from 0.05 to 0.4. The relationshipagithe numerical aperture (NA),
the refractive index (N), and the value (S = NABG¥tained by dividing the numerical
aperture (NA) by the refractive index (N) will bestribed below with reference to

FIG. 5. In FIG. 5, the pulsed laser beam LB appti® the condensing lens 424b is
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converged at an anglex)( with respect to the optical axis. At this tim&na
represents the numerical aperture (NA) of the cosidg lens 424b (NA = six).

When the pulsed laser beam LB convergetheycondensing lens 424b is
applied to the optical device wafer 2 as the shogstal member, since the single-
crystal member in the form of the optical devicdav& has its density higher than air,
the pulsed laser beam LB is refracted from theafglto an angleff). At this time,
the angle [f) with respect to the optical axis differs depegdom the refractive index
(N) of the single-crystal member as the opticalicewvafer 2. As the refractive
index (N) is expressed as (N = &fsinf), the value (S = NA/N) obtained by dividing
the numerical aperture (NA) by the refractive indBt) of the single-crystal member
is represented by gin It has been experimentally confirmed that a gsbdeld
tunnel is formed by setting $irto the range from 0.05 to 0.4 (0.8%inf < 0.4), and
that no good shield tunnel is formed if $ifalls outside the set range even though the
peak energy density is in its desired range to éscribed later. The laser beam
applying means 42 has converged point positionsidg means (not depicted) for
adjusting the position of the converged point of fhulsed laser beam LB that is
converged by the condensing lens 424b of the cgmgeunit 424.

The image capturing means 43, which is rtemhon a distal end portion of
the casing 421 of the laser beam applying meansintfjdes, in addition to an
ordinary image capturing device (CCD) which capuma image with a visible beam,
infrared radiation applying means for applying aftared radiation to the workpiece,
an optical system for capturing the infrared radragpplied by the infrared radiation
applying means, and an image capturing deviceafiaft CCD) for outputting an
electric signal corresponding to the infrared radracaptured by the optical system.
The image capturing means 43 transmits a captarade signal to the control means,

not depicted.



For laser-processing the optical deviceew&f on which the above wafer
supporting step has been performed along the divisines 22 using the laser
processing apparatus 4, a positioning step isexhiwut to position the condensing
lens 424b and the single-crystal member relatiabiyng the optical axis in order to
position the converged point of the pulsed lasenbéB at a desired position along
the thicknesswise direction of the optical deviadar 2 as the single-crystal member.

First, the dicing tape 30 to which the oplidevice wafer 2 has been
adhered is placed on the chuck table 41 of the las®Eessing apparatus 4 shown in
FIG. 3. Then, suction means, not depicted, isaetlto hold the optical device
wafer 2 on the chuck table 41 through the intereugdof the dicing tape 30 (wafer
holding step). Therefore, the optical device wa&fdreld on the chuck table 41 has
its upper surface 2a facing upwardly. The annfreane 3 with the dicing tape 30
mounted thereon, which is omitted from illustrationFIG. 3, is held by appropriate
frame holding means disposed on the chuck table Zhe chuck table 41 which has
thus held the optical device wafer 2 under suasgoositioned immediately below the
image capturing means 43 by the feeding meanseptted.

When the chuck table 41 is positioned imiatety below the image
capturing means 43, the image capturing means 4Btla@ control means not
illustrated carry out an alignment process to dedacarea to be laser-processed of the
optical device wafer 2. Specifically, the imagetcaing means 43 and the control
means not illustrated perform image processing asgbattern matching or the like to
position a division line 22 extending along a figtection on the optical device wafer
2 and the converging unit 424 of the laser beantyagpmeans 42 which applies the
laser beam along the division line 22, therebyratig a laser beam applying position
(alignment step). A laser beam applying posit®similarly aligned with respect to

a division line 22 that extends on the optical dewvafer 2 perpendicularly to the
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above first direction.

After the above alignment process has loaemed out, as shown in FIG. 6A,
the chuck table 41 is moved to a laser beam applgiea where the converging unit
424 of the laser beam applying means 42 that apftie laser beam is positioned,
positioning the predetermined division line 22 inthia¢ely below the converging unit
424. At this time, as shown in FIG. 6A, one erftk(teft end in FIG. 6A) of the
division line 22 on the optical device wafer 2 igsplioned immediately below the
converging unit 424. Then, the non-illustrated \&ged point position adjusting
means is actuated to move the converging unit 4@4gathe optical axis in order to
position a converged point P of the pulsed laseanbd B converged by the
condensing lens 424b of the converging unit 424 atesired position along the
thicknesswise direction of the optical device waZems the single-crystal member
(positioning step). According to the present enilmeat, the converged point P of
the pulsed laser beam is set to the desired pospaced from the upper surface (the
upper surface 2a side) of the optical device wafey which the pulsed laser beam is
applied (e.g., a position spaced 5 through 10 pomfthe upper surface 2a to the
reverse surface 2b).

After the positioning step has been caroatlas described above, a shield
tunnel forming step is carried out to operate sl beam applying means 42 to emit
the laser beam LB from the converging unit 424 &own a fine hole and an
amorphous region shielding the fine hole which edtirom a region in the vicinity of
the converged point P (the upper side or the ugpeiace 2a) positioned on the
optical device wafer 2 toward the lower side (tbeerse surface 2b), thereby forming
a shield tunnel. Specifically, while the converggianit 424 is emitting the pulsed
laser beam LB which has a wavelength permeablaégséapphire substrate forming

the optical device wafer 2, the chuck table 41 eved at a predetermined feed speed
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along the direction indicated by the arrow X1 iGF6A (shield tunnel forming step).
Then, as shown in FIG. 6B, when the other end (ifjet end in FIG. 6B) of the

division line 22 reaches the laser beam applyirgitijpm of the converging unit 424 of
the laser beam applying means 42, the laser beatyiragp means 42 stops applying
the pulsed laser beam, and the chuck table 41 stopsg.

When the above shield tunnel forming steparried out, as shown in FIG.
6C, fine holes 231 and amorphous regions 232 foramednd the fine holes 231 are
grown in the optical device wafer 2 such that tbetend from a region in the vicinity
of the converged point P (the upper side or theeupprface 2a) of the pulse layer
beam LB toward the lower side (the reverse surfdme thereby forming amorphous
shield tunnels 23 at predetermined intervals (atingrto the present embodiment,
intervals of 10 um (feed speed: 1000 mm/secongg(ittve frequency: 100 kHz))
along the division line 22. As shown in FIGS. 6&E, each of the shield tunnels
23 includes a centrally formed fine hole 231 hawandiameter of about 1 um and an
amorphous region 232 having a diameter of aboutiiOdisposed around the fine
hole 231. According to the present embodimentsehamorphous regions 232
which are disposed adjacent to each other are dotneeach other. Since the
amorphous shield tunnels 23 formed in the shiefthéliforming step can be formed
so as to extend from the upper surface (the uppéace 2a) of the optical device
wafer 2 toward the lower surface (the reverse sarfab) thereof, the pulsed laser
beam may be applied only once even if the thickoédise wafer is large. Therefore,
the productivity of the shield tunnels 23 is highhcreased. Furthermore, as no
debris is scattered in the shield tunnel formirgpsthe problem of a reduced device
quality is also solved.

After the shield tunnel forming step isréad out along the predetermined

division line 22 as described above, the chucketad is indexed by the interval
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between division lines 22 on the optical deviceex& along the direction indicated
by the arrow Y (indexing step), and then the abski®ld tunnel forming step is

performed. When the shield tunnel forming step lbeesn carried out along all the
division lines 22 that extend along the first difeq, the chuck table 41 is rotated 90
degrees, and then the shield tunnel forming ste@rised out along division lines 22

extending along a direction perpendicular to theisthn lines 22 along the first

direction.

In the above embodiment, the optical devieder 2 is held on the chuck
table 41 with the upper surface 2a facing upwardhg the pulsed laser beam is
applied from the side of the upper surface 2a efdptical device wafer 2 along the
division lines 22 to form the shield tunnels 23. owéver, the optical device wafer 2
may be held on the chuck table 41 with the reveustace 2b facing upwardly and the
pulsed laser beam may be applied from the sideeofdverse surface 2b of the optical
device wafer 2 along the division lines 22 to fdha shield tunnels 23.

In order to form good shield tunnels 23he above shield tunnel forming
step, it is important to set the peak energy derdithe pulsed laser beam LB to a
value in a range from 1 TW/cno 100 TW/cri. The peak energy density can be
determined as average output power (W)/{repetiiequency (Hz) spot area (cf)

* pulse width (s)}.

The reasons why the peak energy densitjeopulsed laser beam LB is set
to a value in the range from 1 TW/€o 100 TW/cni will be described below.
[Experiment 1]

Condition 1 --- single-crystal member: $a@p substrate (having a
thickness of 400 um)

Condition 2 - -- the wavelength of the pdilsser beam is set to 1030 nm.

Condition 3 --- the repetitive frequencytitd pulsed laser beam is set to
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100 kHz.
Condition 4 - - - the spot diameter of thisgulilaser beam is set to 10 um.

Condition 5 --- the average output powehefpulsed laser beam is set to 5

Condition 6 - -- variable: the pulse widthhe pulsed laser beam

The pulsed laser beam was applied to thphsee substrate while the pulse
width was varied from 0.1 to 100 ps under the abomaditions, and the processed
state was observed.

When the pulse width ranged from 0.1 tcslésan 0.6 ps, voids were
formed within the sapphire substrate.

When the pulse width ranged from 0.6 t@83shield tunnels including fine
holes and amorphous regions shielding the fineshwlere formed within the sapphire
substrate.

When the pulse width ranged from 64 to p80the inside of the sapphire
substrate was melted.

It can be seen from the above experimergaults that shield tunnels
including fine holes and amorphous regions shigldire fine holes are formed within
the sapphire substrate when the pulse width isanange from 0.6 to 63 ps.

Consequently, the peak energy density tieroened with the pulse width in
the range from 0.6 to 63 ps under the above camditiand shield tunnels are formed
by setting the peak energy density to a value &rémge from 1 TW/cfto 100
TWicnt.

[Experiment 2]
Condition 1 --- single-crystal member: $a@p substrate (having a

thickness of 400 um)
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Condition 2 - -- the wavelength of the pdilsser beam is set to 1030 nm.
Condition 3 - - - the pulse width is setQ@#.
Condition 4 - -- the spot diameter of thisgulilaser beam is set to 10 um.

Condition 5 --- the average output powehefpulsed laser beam is set to 5

Condition 6 - -- variable: the repetitiveginency of the pulsed laser beam

The pulsed laser beam was applied to tipplsee substrate while the
repetitive frequency was varied from 1 to 1000 kimler the above conditions, and
the processed state was observed.

When the repetitive frequency ranged frorto 16 kHz, the inside of the
sapphire substrate was broken and cracks werdlyadigaeloped therein.

When the repetitive frequency ranged frono 640 kHz, shield tunnels
including fine holes and amorphous regions shigldime fine holes were formed
within the sapphire substrate.

When the repetitive frequency ranged frds® 6 1000 kHz, voids were
formed within the sapphire substrate and no shieidels were formed therein.

It can be seen from the above experimergaults that shield tunnels
including fine holes and amorphous regions shigldime fine holes are formed within
the sapphire substrate when the repetitive frequisnia the range from 7 to 640 kHz.

Consequently, the peak energy density ieroened with the repetitive
frequency in the range from 7 to 640 kHz under abeve conditions, and shield
tunnels are formed by setting the peak energy tletwsia value in the range from 1
TW/cn* to 100 TW/crh.

Experiment 1 and Experiment 2 were conalce the sapphire (ADs)

substrate. Experiments similar to Experiment 1 dbdgeriment 2 were also
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conducted on a silicon carbide (SiC) substratealdugn nitride (GaN) substrate, a
lithium tantalate (LiTa@) substrate, a lithium niobate (LiNBOsubstrate, a diamond
substrate, and a quartz ()Gsubstrate, each as a single-crystal member, la@d t
results of those experiments were essentially @hges

After the above shield tunnel forming stegs been carried out, a wafer
dividing step is performed to apply an externatéto the optical device wafer 2 to
divide the optical device wafer 2 along the diwsilmes 22 where the shield tunnels
23 including the fine holes 231 and the amorphegsons 232 formed around the fine
holes 231 have been successively formed, into idaal optical devices 21. The
wafer dividing step is carried out using a dividiagparatus 5 shown in FIG. 7. As
shown in FIG. 7, the dividing apparatus 5 includesne holding means 51 for
holding the annular frame 3, tape expanding medhdob expanding the optical
device wafer 2 mounted on the annular frame 3 ithdteld by the frame holding
means 51, and a pickup collet 53. The frame hgldieans 51 includes an annular
frame holder 511 and a plurality of clamps 512 dsgal as fixing means on an outer
circumferential surface of the frame holder 511 he Trame holder 511 has an upper
surface serving as a placement surface 511a fomglahe annular frame 3 thereon.
The annular frame 3 is placed on the placemenaserblla. The annular frame 3
that is placed on the placement surface 511a &lfio the frame holder 511 by the
clamps 512. The frame holder 511 thus construetedupported by the tape
expanding means 52 for vertical back-and-forth muomet.

The tape expanding means 52 has an exgaddim 521 disposed in the
annular frame holder 511. The expanding drum S#&ldn inside diameter which is
smaller than the inside diameter of the annulan&@® and an outside diameter which
is larger than the outside diameter of the optilealice wafer 2 adhered to the dicing

tape 30 which is mounted on the annular frame e @xpanding drum 521 has a
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support flange 522 on its lower end. The tape edipg means 52 according to the
present embodiment has support means 523 that gsighe annular frame holder
511 for vertical back-and-forth movement. The suppmeans 523 includes a
plurality of air cylinders 523a disposed on the manp flange 522 and having
respective piston rods 523b connected to the lewdace of the annular frame holder
511. The support means 523 which includes thealiyrof air cylinders 523a

moves the annular frame holder 511 in the vertdie¢ction between a reference
position shown in FIG. 8A in which the placementface 511a lies substantially at
the same height as the upper end of the expandimg 21 and an expanding
position shown in FIG. 8B in which the placemenface 511a is lower in height than
the upper end of the expanding drum 521 by a peehied amount.

The wafer dividing step to be carried osing the dividing apparatus 5 thus
constructed will be described below with referenceFIGS. 8A through 8C. As
shown in FIG. 8A, the annular frame 3 on which ¢heng tape 30 with the optical
device wafer 2 adhered thereto is mounted is placetthe placement surface 511a of
the frame holder 511 of the frame holding meansabt], is then fixed to the frame
holder 511 by the clamps 512 (frame holding ste@t this time, the frame holder
511 is positioned in the reference position showrFiG. 8A. Thereafter, the air
cylinders 523a as the support means 523 formingape expanding means 52 are
actuated to lower the annular frame holder 51lheodxpanding position shown in
FIG. 8B. Since the annular frame 3 fixed to thecpment surface 511a of the frame
holder 511 is also lowered, the dicing tape 30 nbediron the annular frame 3 is
expanded by contact with the upper end of the edipgndrum 521 (tape expanding
step), as shown in FIG. 8B. As a result, the aptaevice wafer 2 adhered to the
dicing tape 30 is subjected to a radial tensiledowhich separates the individual

optical devices 21 along the division lines 22 whaosechanical strength has been
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reduced by the above-described shield tunnels 28imtmusly formed therein,
forming widened gaps S between the optical de\2des

Then, as shown in FIG. 8C, the pickup ¢dI@ is actuated to attract one at
a time of the optical devices 21 and pick it upnirthe dicing tape 30 (pickup step),
and delivers the picked-up optical device 21 toag hot depicted, or a die bonding
step. In the pickup step, since the widened gage $ormed between the individual
optical devices 21 adhered to the dicing tape 3@easribed above, the pickup collet
53 can easily pick up each optical device 21 witlrcmuntact with the adjacent optical
devices 21.

The present invention is not limited to tetails of the above described
preferred embodiment. The scope of the invensatefined by the appended claims
and all changes and modifications as fall withia #guivalence of the scope of the

claims are therefore to be embraced by the inventio
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WHAT ISCLAIMED IS:

1. A method of processing a single-crystamber, comprising:

setting a peak energy density of a pulssérl beam to a value in a range
from 1 TW/cnf to 100 TW/crf; and

applying the pulsed laser beam to the ehogystal member while
positioning a converged point of the pulsed lassan at a predetermined position
spaced from an upper side of the single-crystal begnto grow fine a hole and an
amorphous region shielding the fine hole from tippar side of the single-crystal
member, thereby forming a shield tunnel in the lekogystal member.

2. The method of processing a single-atysember according to claim 1,
further comprising:

continuously forming the shield tunnelsrgjoa plurality of division lines
formed on the single-crystal member; and

dividing the single-crystal member along ttivision lines with the shield

tunnels continuously formed therealong.
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